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CHONLAMIT TIPSING : THE STUDY ON EFFECT OF DME BLENDED WITH PALM BIODIESEL'S INJECTION

TIMING IN AN IDI COMPRESSION IGNITION ENGINE. THESIS ADVISOR : ASSOC. PROF. KANIT

WATTANAVICHIEN, Ph.D., 367 pp.

The objective of this work is aimed to study the effects of fuel Injection timing on engine’s combustion
phanomenon and engine perdormance of an IDl Cl engine fuelled with DME blended with palm biodiesel. The
KUBOTA IDI model RT120, 0.624 liters, engine using diesel, palm biodiesel and 40% DME blended with palm
biodiesel as a fuel was employed in this work. eugine performance was evaluated and combustion phenomana
were analyzed using the captured | ' 3 This presentation was divided into two pars. First,
results of using different fuels on enging'pe 8 G oaiB Lstion phenomena when using standard fuel injection

diesel, palm biodiesal and 40% 8 alendar with a T Bincies=lwene performed. The full load performance show
! )alm biodiesel is lower than the results of
using diesel but their energ didh dicie \cies are Righe 1 load performance reveals thal engine's
energy conversion efficie ! | iesel are lower than palm biodiesel and diesel
I palm biodiesel are the mosl retarded. As a

consequance, the maximum in-gil ire gre 2 ticdte @ the lowest. The combustion’'s heat ralease

al all angine test points. The

during the premixed combustion stafe shodihsl K [ heal felease rate profile of diesel fuel is higher than that
of 40% DME blended with palm biodieze! re, A combustion of diesel is faster thus the higher the net
heal released and higher mass fraclio

The investigs -_ | : d 4% DME blended with palm biodiesel

"‘,‘ 4 degree advanced injection timing

reveals thal the engine’ ‘,_ Brake 1 T

(ADV4) are closed to mﬁ fro with the maximum energy conversion
efficiency at all test speeds™h addition, with similar rend as at the full , the engine part load test conditions when

e A S AR e

injection timing nl@w will start o deliver aimiar injection with the lowest amounl of injected fuel. The obtained

AL ARV ILTala 1T 1La B T

ts also high. Therefore, the starl of combustion with ADV4 is faster thus the higher the net heal released
and mass fraclion burn has been oblained. This is why. with the injection timing of ADV4, the engine has higher
energy conversion efficiency.
Finally, results from this work can be concluded that the best maich and the maximum benefit of using 40%
DME blended with palm biodiesel as an alternative fuel in a KUBOTA RT120 engine can be achieved if the advanced
engine's fuel injection timing of ADV 4 has been used.
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Methanol synthesis:

CO+2H, = CH,OH, AH 2= —90.3kJmol

n

Methanol dehydration: 4

2CH,OH = CH,Q@H, 4 H,0,  AH% =23.4kJmol™

rxn

Water-gas shift: |
CO+H,0 = H,4CO,, - AH’. =40.9kJmol

rxn

Net reaction: _é
J
3CO+3H, = €H,OCH +C02, AH° = 258.6 kJmol ™

xn
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Property DME
Chemical formula CH,OCH,
Mole welgh b,,// 46.07
C ratio / 52.2
13
34.8
0
9:1
-24.9
3.4~17
7 235
is6osity TeP] it 0.15
| Liquid densityat 20°C ke 668
5ui'_:=r} ‘] 28430
Lﬁe ll' ' _ 460
apor pressure @ 20°C [MPa] 0.51
" f & Q/
6 YUEFTNEN TN EIINT

) mawwwn NYIRE

sl lunsnszanedadefansaidies DME WanRsuiuiudimads an
nsAne [5] Wudn demdsiimaas Wawsdfindrsuazenandnzes DME Tunnidewlanis
2 o oa = 4 = o = o - ' =
2n Aenuanslugli 2-3 WainAusuasussanALTUnaaLlsd wudnlunsiiaeg
DME tiu nistinadusuussenniAazlaaisdnduaiuazninetisau dauddn DME agd
gusalsdianndnaestima usiilasanadnainisalunisnaedulenave iy vl

o o a Cd wal ] =
nssTmefanasaInnIsanailsgni ldandnesn s
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¥ 1

UBNANUAITL DME Hen1n1939 11108z e8922941 387 wudnlaunnngsnigue

o Ao A = o o ~ A A o | ~
WATNNINIZANEFNA e Fauauiuasamanani1azn19aLALRAYW WU AmaazH
TUIATBIATDIUANFAINAUNIN A1N13nagtlAd) DME  HantRlunisuaniduazesdles
(atomization) l@ANIALEa wazilewFauiisun1seasuitedasaaddilssnign gulsdues

= A Anevae o o = = o :
mL"]]@ZQ’]QJ’]‘J‘E]Lﬂ@’ﬂ%ﬂiﬁLﬁ")ﬂ')’]‘ﬂ'ﬂ\iDME AUHAINIANNAZAAIUBIA LT AN JULNUANNINAN

Diesel DIME Diesel DME
O ! Omm ) L
)
(a)
Effect Of SOpam S50mm
ambient \
pressure 4 _
LS Injection conditions
= P, =80MPa,T_, =293K,
b tg0-7ms,t =1.0ms
f !‘\-
Tiapis™ 293]{_; v T = 439K
Diesel ~ BME Diesel DME
Omm Ly - I Omm . o
(b)
Effec.t Of S50mm S50mm
ambient = -
Temperature
b injection conditions
P, =60MPa, P,,,=1MPa..

711 2-3 Ml eUAnHvdaL staasnma LA DME [5]

214 faswnlusiaas DME
Tufi5E 0uins A el ganith Wlie nAaSHilwfa i [0 B duiae g
doutszAguans lwania v afnen Arsuanlneenlesd wazlulnsauazlidndanin
Ufisensan Auialidasdenizsausnljisaanisuntudass DME Aueinis fsas
Henlulnsiauussannie (atmospheric  nitrogen) mﬂu‘lmmumﬂi’mg (appearent
_ x d . o 4 dn e o lama y
nitrogen) au Teaztlsznaudaslulnsiauuazingdus luenian ldidnind §izen i lud
petiulunisAuaniaznudn lulEunueinAdssneusdaefing 2 doune dauidnindgisen
e aandiau wazdaui ldidnindisenne Tulnsauussainia lnadnsdauesfingsin

fina7 Panluwaniauisliuanalilunnsen 2-3
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A9 2-3  dautlsenauaesaInNIALE (6]

AN ppm lnefsuams | waaluiana wedoulua | dnsndulnelua
0, 209,500 31.998 0.2095 1
N, 780,900 28.012 0.7905 3.773
Ar 9,300 38.948

CO, 300 44 009
Air 1,000,000 , 28962 1.0000 4.773

ANNITNAUININAR LA A 38 § LulpatannIsaanAle taa duannisdneiniauia
|

Usznavsiaafing 2 doudfazdiwliilian nanyiudas [lumnnened 2-3 WaAnnausnmdau

alFqn

)

i) M;r -_..-XOZ M 0,

M

aN-z :
. &g X
">

o e e o
iaunuatazlfdnualiuenasasulasiauussannia (aN,) i 28.16 g/mol

§ 4"y
gl

sl ise TAai sl DME @ s snilaimasn i.e 3 5
C,H,0+3(0, +3.773N,) — 2CO, +3H,0 +3.773x3N,

v
LAZANNITD AT TUA BN EITENIN I TAINRIATIANNNA LS AR

= =0.111
3x((2x16) #(3:773x2 x14))

(F) Moo (2%12) +,61+16

A M

air

daleFaufaufud1reemima (HA11szu104 0.0690-0.0697) wazufaloau
(@Antszann  0.0685) aziiulddndalddaunanunndndmiunisanidaunaune
(Stoichiometric Mixture) 1isananaanniamiielddn i Funnudemnasfeni DME §1u130
el luAind S unneendiaumng fidwnauausniiaduauusninly DME audu
FewdeTiilufinssiedeuanden dusuAdaunasiiazinly DVME ﬁmiﬁ/\lié’@giumq%\um

0.0555 (A9UNAN1N) AU 0.294 (9uuaNrun)
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annsAnsiali wudnuanatnazaunsnrn ndldanysallaelianFunnuasii
ArfUBULATANFUBUNEULeN lEAFN NN N1sUdeanafiwawr) Atesnnllsog 1w nns

dasafirangululnsiausenlad (NO)  eglulFuiamauinilemauiunisenluimis

X
= a o v 1 o ! X A = =
Lu@ﬂ@’]ﬂ'ﬂqmuﬂﬂ@‘ﬂmqﬂm‘ﬂ\?ﬂq?LN'}‘luﬂJNﬂ']m’]ﬂqf] BAZUWANaINU Ladan DME VLNNﬂW?LQ@

a

1 ey o

uesAnINetu (sulfur) fosarmssanaasliifinangudamaseanlasgniantass

2 ¥
%

AANNIANNNTEZLILNTLNA Trel ﬁ”’]enmﬁizmrf@ﬁ mmamnaumﬂumwLmﬂiqumqr]uiﬂuﬁ
Tuannaudaazlsilulansa eml,ﬂumummm/ Iunse'ld viteleresinTnaieraaed

ﬂ@ummmimﬂmam Lu@ L%I'ﬂ‘ll'ﬂ\iﬂ\‘l&lﬂ]’] I#T,MEIL’Q‘W’]”Luﬂigﬂ'ﬂ"ﬂuﬂ?wmtwm@&lﬂLLZ\I"’@’N A1

.—P”—d‘_
mmmﬂ?mmmmmmm@w@

o = A a =X
Aanile lANANTNDNLITYL

Nﬁ')”lﬁ\l'&’]ﬂﬂ_m’]ﬂ LAS L‘H@L‘WZN DME auidusiniaania

'
aAaa

il "r__mLﬁmmgmoummmmﬂuﬁummm’@z’%qmqm

Tudnnsdanias LaAnn et nsilatfia sunnanaaauni s ngllu
LATRNEIUAALTA [7] WUIR TN E A @mﬁﬂﬂs@fﬁ@qmﬂuﬁﬁm 2040.9 K 4ay 2151.9 K a1n

i L o o 1 OI 1
AnsnagaLld DME LAy L mﬂm%mﬁamummu lunstiaas DME HANANNIINIE0

L5 ,-'2-4 L

PetuRalszans 100°C ‘wﬂummn@pummzwmmsﬂwmLmi‘wmm 192D

Haau N A anasauni i fliﬁj.cyLammﬂ’{i{aj@mmmmﬂummu@ﬂmmﬂ LHANATN
ﬂ?‘mﬁmwmmumﬂamﬂmmmmsmﬂwL?j’giwgﬂwmww (124 expansion  process)

wudnlunslaes M mmamﬂummmmmuumLsﬁméwmﬂ uazelalemsn1sUaes

.j o i
FemaaTisndouacatsdawanndas mﬁmmiﬁﬂugﬂwg4

A Vo

P . e
aen | ol oy

a0 Flltl)y——
&0 =

7@ .

GE0

GO0

50

4[”:'

A0
2560

200 |’
150 &
100

[ [ e— WP 1

Sl e ST e — G
-50

288!

Cumulative Erm‘g}f Released (J)
¥
&

220 240 280 280 300 320 340 3I60 3IA0 400 420 440 460 480 SO0
Crank Angle (%)

917 2-4 dhsnnstaeanasunFuumeusendng DME uay ala naldaulanis
NAGALNAMNLIITALLATEIUA 1500 rpm NNTLNIINNNNU 45 Nm 2R9LATRIEUER

Cl aum 1330 cm’ M8 UNIA98A 16.5:1 [7]
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215 wudlunlunisuanaznisldauluauian

flaqiiuilymzesiunudisesseatamaiedugeseraudmiuynlssmeiin

Tan dnnaudsnsldidamasludnaniluegluilaqriudndudemasdiasmunliainlan ws

1 1
al

a ' ti’ a A dl 1% dl o daIQJ 1 o J %
@ﬂm@ﬁﬂﬂﬂiﬂﬂ@uLﬂ]ﬂLW@ﬂﬂﬂ annANgIagldmgla aedaiiiiausendndanisnanising

a A dld dl o ¢4 % I d” a A dl % a o
LAEIAN uﬂ@LMWN@‘VI‘VI’]EL‘ML?W[ﬂ‘ﬂ\‘mLﬁ@LW@Q‘VI’]\‘iL@ﬂﬂLW@LLﬂﬁfﬂﬂWQﬂﬂﬁlW@\‘]\‘l’]u HANVTHALS

ﬂ’W?LZﬁ’ﬂNﬂ'ﬂﬂﬂ’muL’Jﬂﬁ]VIﬂW muuﬂuﬂq Lli;gd uuﬂ@mﬁ‘m DME uﬂmmwﬂmu@mﬂm

N3HAs DME Suunliiufiaz m@@w 1471 umsmiﬂi%ﬂumumm LINNE

INMBTL

150
{210y

tstbedn od | OFE) Prica/Cost,

(EJJIIIIOF ]‘,‘Q O Other

B Taiwan

H India

=
=
D
.
&

H China

OJapan

Electricity Residential Transport

717 2-6 unaliinAanuseInsld DME lugnanmnsausine
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216 n1suan DME luseiszina

faqifutlszinasinge 1Fintslasenisinaaiunan DME  winune inlvieuianges
DME iulauaananla iwasannidandsmduinusuninisenauiuaiuisaulsgdlsann
dlzJ a 1 J a o 2 = ¥ dl 1 dl | 1 d’j
deinadrIANgnadenuiiu i lisandwnldunazgnasindnniduegneutl Tneludssmea
5197 LN TAsaN9NEAL DME Fsil

szinaau

flaqiiutlszmaansisniglssaanauiifantiganisnlunisn@sn DME 1 Ausiusiel]

i
o A

Tnaifilssanunszanaag I uRaEBasia-] 80 A ukannesiwldazunainuniuesuastnu

Hiu ansnsnagUindansiam Luiidaefisldiasanei 2:4

. )
AN9199 24 AnAsnsa@l DME Analnsmasiae) ludszinmau

i Capacity
Province Féed —stock ¥ Start-up
v 3 J_(Wuﬁuﬁi@ﬂ)
1 Guangdong I\/Ieth@_riol N 8 1994
2 Henan Coat 28 1o 1994
3 Shaanxi. NafiratGas /| 4o d% 10 _ 1998
4 Shanxl = Meihanol Rt 2000
0 August 03
5 Sichuan /| Natural Gas :
100 December 05
6 Shandong Coal 150 May 05
7 Shanghai Coal 5 December 05
8 Anhui Methanol 20 December 05
9 Hubei Methanol 100 May 07
10 Shandong Methanol 10 May 07
11 Henan Methanol 100 July 07
12 Jiangsu Methanol 50 August 07
13 Guangdong Methanol 300 September 07
14 Niingxia Coal 210 May 07
1093
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agll o al o a all QI o o a [
uﬂﬂ@ﬁﬂuﬂﬁ‘xmﬁZﬁqﬁ'}ﬁ‘mﬁ‘ﬂﬂ‘i;‘ﬂﬁﬂ]u@uﬂﬂﬂiﬂ?\?ﬂﬂTW@%LWNﬂW@\TﬂW?N@L‘IL']J'L&

4510 a1ususat luauianlasuanaldlunnsen 2-5

AN 99 2-5  TATNNTANANIAINITNAR DME TUAAZH N ATadaL

Province Feed —stock Capacity(WwaLaall)

1 Jiangsu Methanol 200
2 Jiangsu Methanol 300
3 Yunnan +/ Coal 160
4 Guangdong Methanol 200
5 Anhujg ".[\/Iethanol 100
6 Guizhou . Qoal 180
7 Shamj;:iong Methanol 250
8 Shanghai ':l’_.‘CJSaI 50
9 Chongging/ </ Coal 80
10 InnerMoﬁgqlia Gbel 3000

PR 4510

Ll

o e
Useinenily =

] v
o

AN NAN AT IF9UULED

=

il 1981 ilulpssn1snaan DME  Taeldiuniuaaann
-4 T . =< o & pry o bt ¥ o

N3TLIUNTUENUN (dehydration) Tedqatlseasiinaaiuayulild DME naniu LPG uas
MiwaemaaEniluieses dih g TrrdesEnFdeq ay-"EwToyota Tsusho 1A
fauila Tneln18an136aM 100,000 ALFADT]

USENADIRA LA

1A74n13 MOCIE "diautlssnalginiatl 2007 Iagandunuinazein “DME 14lu09nns
gefanieludl 2012 Ineuialiiu 3 dag

- A%191999"UKARN DME faazidniadalutl 2008 Taalnnadni1suam

2007-2008
10 AuFadU
- @"mfﬁ?\immﬂmumﬂgmﬁﬂuﬁu
2009 -3GulAransEuLIL
2010-2012 - Nukupenan1aIHanLle 3000 Ausadis
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szinadgla

Tulaqiiutlszinadlslainnsairalssnunan DME SaiindannTnAn 1.3 s
il lunnsnaniy LPG

szinAdnsu

UszinABni1uin1su@n DME ann methanol  1A8NT2UA1NNT  dehydration LA
fixed-bed  reactorlngiifindsnnsnan s ldusiet] uananniidailnsanisuan DME u
Usgmadurdnunn iulsemaaiiau Ussifidfude Usemaanigaining Uszinadnna

Uszwalungu EU uasdsziftianma &

2.1.7  ms\d DME AT

o

a5 ludaunngudd DME luUld 1@ﬁ‘lﬁﬂ'Nﬂﬁimiﬁ‘l,wa’m‘lﬁm\immﬁ

1. NN DME 20% ﬂumsnwmmfmmqnmmﬂmwum ufidnnnavinagnatagsin
0 "1m’m@m’]m@u@m@au,mwm‘llnﬂﬂiuzmmmLLﬂﬂmmLLmnmq”LmLL.@vmimLmumwm
iRt nsAaumaasn A g adeardsng. &

2, mﬂmmummwmmLsﬁ@‘lmamwmmmmm wudnHse@nsningendn Anns
Useauafis NO, Haandiiuas meawummuw%wﬂumﬁ

3. e ¥ luenavinsstigia iy mW’G‘E’LLmu‘E‘ﬁW Siemens Westinghouse #

n7ld DME Tuirredaanszug oot i I N g @n s N wua su a N Em
2.1.8  anansallun1sld DME

21'8.1 Aaslunislad DME

o

1891714 DME unuindunina luerasaus Cl Usznauldsianisanas
194 lalasafifian (Ho) LavaTsibudanuan s (CO) Uilaldd [adainlassainaluians
al = [ 6 1 1 -8 6 -3 =R 1 Y o = o
2199 DME faandiau (0,) WuasAtlsznauatjszninamnsuaus asuaumasldldqautiniu
Tnamse datiunianludaes DME azlsiifiaumsin (soot) wratluazees (particulate matters

wi7a PM) uanaini DME lifidamefifluasAlsyney Auiuaslinalfinn soO, uazlddiadu

1 (black  smoke)a1NN1TNARALNTELILATLEN Insiuas DME wurjﬁﬁ@mmﬁm"ﬁﬂdﬁ

3

¥
v a

nazuaunIailn ndaesdima Al NO, anas aandnnisldunduniss wanainildenudn

n19ld DME AulAgesaus Cl adnnmamnadlananda azliidsaninnainnisnienuiigey

n91n17 14 conventional diesel
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2.1.8.2 Aatdglun1s 4 DME

Ha9aInAIANEaUIa9 DME HANANINGNUD9TaLNASALTA ATLNAI9N1UR

Tgarnnsin lugiaes DME AariiA1Anngn dadana lFensnisaudaesdsunaddamaesian

WNTU wazAMNUiATe9 DME ARnndnunsiumima neliinannssa (leakage) Atlu (pumps)

waziiiam (fuel injectors) AesRn AN Taeawdn lUnan Ty DME Weatleeiunisan
' v v Py o =l . = ] ]

nFauULaZNITTALaI1a3LIN (pumps). LAENIRA (fuel injectors) mm@mma?ﬂﬁ;\mm

(Additive) sngaaiinnisuaeauliiiy DME L iaeilafasldansilgauss (Additive) NXnAg

WENLIHNIATN reformulated-diesel /

22 thanlulanda

!
! v &
A 1

ihaululenaadPalmificVethy| Ester) niadiasagn PME 1 undsnuiaomas
all 0 o G alla a, % 7_ rl = a 901 o . a dl 4
nouunndailuntaniarnn lutlaai dagu lules s naaantindulduauaeldunann

paL AN sl ised nanue s e siAgY (Tranesterrification)

")
B |

CiiHeCO~ Chy bag;gl;zfi HO—CH,
Gy HECDE_?—H + X MEOH - _;,_‘ : ) HD_?H + 3 X Cy1HzCO:Me
CriHzC0;—CHy © T HoCh "biodiesel
e {coconut methyl ester in
triglycende 7 glyeerol this example)

Crude Palm oil +% JAlcohol [+Catalyst] — Glycerol + Fatty-acid ester

(Biodiesel)

ey Ui iasreudndanaanadeuliiipdninieamas (Sponification from

ester)

O Q
" . Water "
R—C—0OR + NaOH ——= R—C—0ONa - ROH
Ester Metalic alkoxide Salt Simple Alcohol
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AsunsrununisuanianlulefranniasAnsiasldiuniues wasindulngy

a

auiludmgsvu wazldnszuounisn@mauuuny(Batch Process) Inadlmneslansanlasiiy
o ] aaa aaa a dl a = o dl 2
Aovdel Asen UfAseninfiguuni 65 aeAmadas AINAW 1 U998IN1A G9azld
nanAneiuldnlulefmauaznaciases tasluntiaznanlidululananlausgns
b4 d! & = a s v o % o a a ?/ dsl
Yorar 99.7 dvihawluTadmailnnantiBniesnianinadaiuidunmatlng ietlnee
b ol A =
y} nain ndnazeiandindunis lode
A asiimnfusunauuenlas aandd

Taeidn @@ﬁf‘
R

ihdululedaieandian @ﬂslw,u@

=

A mmwmmq ‘Lummumﬂ

wasiitaeann fusd lultememen daaanstammuanannigaisin

¢ £ = 1o Y
maru@uuﬂmﬂwﬂmﬂmm :

’lumimﬂmﬂu‘ﬂ@mmﬂﬁ% AAIG0 L ﬂmuvluiﬂmLsﬁ@mammﬂﬂmvlﬂu

_,_,..,;._,, ;

b

30 2.7 g ldlunsadn Wisuifeuszwinsindudluledaaandng) waz

=

TNNUALTA(NINARN)
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Properties Units Test method Specification Result
1. Ester content % wt EN 14103 min 96.50 98.77
2. Density (15°C) kg/m3 ASTM D 4052 860 - 900 874.90
3. Kinematic Viscosity @(40°C)* cSt ASTM D 445 3.5-50 4.41
4. Flash point X ASTM D 93 min 120 142.00
5. Sulfur Content ppm ASTM D 5453 max 10.0 2.0
6. Carbon Residue % wihy ASTM D 4530 max 0.30 0.0900
7. Cetane Number - ASTMD 613 min 51 74.80
8. Sulfated Ash Content %Wti ASTM D 874 max 0.02 <0.005
9. Water content ppml EN ISO 12937 max 500 310.03
10. Total Contamination ppm—" EN 12662 max 24 1.30
11. Copper Strip corrosion - : ASTM D 130 max No.1 1a
12. Clound point ic i) ASTM D 2500 max 16 13.0
13. Oxidation stability at 110 °C hours | | EN 14112 min 10 24.23
14. Acid Value Mg KOH/g 'J,.:__T;J,JASTM D 664 max 0.50 0.42
15. lodine Value g1,/100g ——_r EN 14111 50-120 51.67
16. Linolenic Acid Methyl Ester Content |~ % wt | ENM4103, max 12 0.06
17. Methanol Content [ = Yo wt——— —EN-14110 max 0.20 0.06
18. Monoglyceride Content % wt EN 14105 max 0.80 0.3742
19. Diglyceride Content % wt EN 14105 max 0.20 0.0336
20. Triglyceride Content % wt EN 14105 max 0.20 0.0466
21. Free glycerin Content %o wt EN. 14105 max 0.02 0.0155
22. Total glycerin Content % wt EN 14105 max 0.25 0.1207
23. Distillation: 90% vol. - ASTM 1160 =03 360/ max 364
Recovered, ‘C
24. Specific gravity kg/m3 ASTM D 1298 880
25. Heating value MJ/kg ASTM D 611 39.872
26. Phosphorus mg/kg ASTM D 4951 max 10.0 Nil
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Properties BS EN 14214:2003 ASTM D 6751
Unit Limits Unit Limits
Ester content % mass 96.5 - -
Density (15°C) kg/m3 860-900 - -
Viscosity (15°C) mm’/s 3/5:5.0 mm’/s 1.9-6.0
Flash point - , | ~120-min °c 130 min
Sulfur content mg/kg 10 max % mass 0.05
max
Carbon residue % mass - 0.3 max % mass 0.05
max
Cetane number 51 min 47 min
Sulfated ash Y% mass 002 max % mass 0.02
3 478 max
Water content mglkg _509 max % volume 0.05
_4 . max
Total contaminatiqn mg/kg 24 max -
Copper strip corroision rating class1 - No.3
max
Clound point - - °c report
Oxidation stability. hour 6.0 min - report
Acid value mgKQH/g 0.5 max mgKOH/g 0.8 max
lodine value g/100g 120 max - -
Linilenic acid ME % mass 12 max - -
Polyunsat ME % mass 1 max - -
Methanol content % mass 0.20 max - -
Monoglyceride % mass 0.80 max - -
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197 2-7 (sie) wmsgurhdululesioa

Properties BS EN ASTM D
14214:2003 6751
Unit Limits Unit Limits
Triglyceride % mis‘ 0.20 max - -
Free glycerol % mass 0.02
Total glycerol ™ ass % mass 0.24
— "!! ——
Group | metals g ‘ﬁh - -

Group Il metal

" % mass 0.001

7 . Y max
Distillation T90 - bt ,; \ ‘; °C 360 max

:,-C'Jf“"}" ] \

222 TASIA519NS u‘llﬁihtfﬂ

Phosphorus con

?;E!

VLu‘E@mLsmmmvammMﬂmm
J- ;' >

ﬂmumqmﬂ'ﬂumﬂmamLﬂuﬁ"mw

(Palmitic methyl ester -PEM) IR LASAS NV NAN LARY bHEN3

) ﬁw@mﬁmqﬁu&mqﬁﬁﬂmﬁﬁ

al ¥ I VA
FA17NN 2-8 Iﬂ?ﬂ@ﬁ‘q\‘]g\‘lmﬂ‘ﬂ@ﬂﬂ?ﬁiﬂ 1(Fatty Acid

A TNENS NN

Fatty Acid N . Of Carbons & | n.(?hemical Struo@e
=9 W R4 (ld A AR

Palmltlo C16:0 CH,(CH,),, COOH

Palmitoleic | C16:1 CH,(CH,),CH=CH(CH,),COOH

Stearic Cc18:0 CH,(CH,),,COOH

Oleic C18:1 CH,(CH,),CH=CH(CH,),COOH
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all ) dl ¥ %’ o a all a [ %
A19197 2-9 ANTnun dannindululefganuaauIanndmg

1ALRN9° [9]
Reference Fuel Cetane
number
36 Palmitic acid methylester 74.3
37 Palmitic acic 74.5
36 75.6
37 86.9
38 i : 76.8
3 55.0
5 N
ERLA AN '
] ’\ N
901 o = dl {é o j 6 \ = o rdl 1 90’ o
wnsiululenmai faaaisganindan s u{ Uniasngandnindusaa tne

a el 1 A o rall
HNALAALARTNATTNUUNLLDINGN

9; o a a0 A o o ;- — .-'
UNHUALTRACHANTINUUN LR S ﬁ‘%‘: ’

nd1 TnadlAnee 74.3 uag 746 Fgiansly

AN9197 2-9
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223 nwansailunsiduntululanida

2231 samlumsldindululesios

leRmailudemded dnanitgasanansaygmmawndls lidluiy

et luTeAmagunsanaunun sl ElinnAsy wasnde il luntsaan
e Furedluledimaldndeununindnluduneunisnanaesni e sinduay
annataty nasuilflunisdaluladioa aandamiaes Mndanuites 31%
(R ufendenuie ldme ) deaiihaslin g uilgantlinsdsuasnedl
UsrAnanw uazfideslaminnsdduAanistnentnisgaianzlinndeniflagating
AN

mﬂ%ﬂui@ﬁLMW@mu@ﬁw"iwﬁdﬁmﬂ%ﬁqﬁummﬁw fuazIieannis
Aadsangniendlansas Img@iﬁﬁgﬁm%%mmﬁ’]ﬁuiuiﬂﬁLmﬁﬂ?mmﬁ”w
m@mﬂmﬂﬂisﬁmmmrmmmg@m‘rmmmmﬂmmuummﬂmm 78%  uaY
sifululedieaudu 20% (B20) mm:m@mﬁmmmsmmamuimani&mﬂmmm
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gﬂﬂiﬂiﬁﬁiﬂmmL%mﬂummmm‘ﬁ A8 Proximity 4% Inductive 3%
AR LR LATDIELET war linaddmes (Pulse Meter) LAASANNLETELIYDILAT DL
TnaiEingia Proximity ﬁﬁgmmmimmiuﬁmm‘f wazdnAYINIEITaLAINNIYY BRIt L AL
(Flange) inanlaunTuflimesdenssdnafuisaces ﬁqgﬂﬁ' 5-14 Lngﬂﬁ' 5-15 uazdaya
NMATAT8Y Proximity FlElunn95aAuE el duandlilunnned 5-5

z%w?uuﬁﬂmﬁ‘ﬁwmmmqmqﬂmﬂﬁmmm%i@umﬁlﬂwuﬁ GETREI LY
Proximity tJudumesduiudnaanaderauidiuliduda Tne Proximity WUy Inductive £
afaguNusian AN (Electromagnetic Fiéla) ‘lumam%ﬁu’imqLﬁﬂumaﬁlﬂuiam
(Metal Target) firnsdnanluszera NG (Sensing™Distance) JasguLs AN WA
Useaaanainga Proximity. sl adudaiudpmdivanedy SannelufaGeuses
Proximity 1sznausag mmmmﬁm@mmﬁ%uﬁn (Coil); paadaLalnas (Oscillator), 2943

;39941 (Trigger Circuit) LaE4a310 Wi (OUtput Circuit) Ag1Ll7 5-16
o y A o VNG < o .
F199% 5-5  dayantamating®yProxifity 19 AAIH 5990 1ULATEIEIUE

G
o "

f4fa, fu "~ {LOMRON, E2E-X2D1-N
UIALEUENUAUENANS - jBJ—m"m (M8)

Type _ ) - 'S-hi-erld‘ed

Sensing Distance '-.:'_"_ 2mm +£10% d_
Operating Voltage - 1210 24 VDC-

Leakage Current 0.8 mA-max;

Response Freguency 1.5 kHz(1,500 pulse/sec)
Operation koad/ON

Indicator Operation set indicator (green LED)
Ambient Temperature -25°C to 70°C

Vibration Resistance 10to 55 Hz

Weight Approx. 45 g
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= 3 = o o= o=l @ = -
139N 5-6 ?I’ﬂNﬂ@V]’W\‘IL‘V]ﬂuﬂ"ll@\iW@Z{NL[ﬂﬂ’i“i’ﬂmuﬂqﬂmﬁﬁm@ﬂﬁ’mLﬁ")i"ﬂ‘i.lLﬂﬁ"ﬂ\‘l?.luﬁl

fivfe, u DIGICON, PM-05

Power Supply 100-240 VAC 50/60 Hz
Power for External Sensor 12 VDC£10%, 80 mA
Measuring Accuracy (23+5°C) F.S. +0.05% rdg 1 Digit.
Measuring Range 0.0005 kHz to 50 kHz

Input Signal Max. 50 kHz(ON/OFF pulse)

" (ON voltage : 4.5-24V,
O oltage : 0-1.0V)

////“ﬁ\\ \“-\- git (19999 to 99999)

U ‘,g/ 0.05/0.5/1/2/4/8 sec

£ o dal a dl ¥
LAZAIMNAULTBLNAINNINLLN

Max. Indication

Display Accuraey

e

5.1.7.3 Piezoelectric Pressur

inanld Piezoelectric Préssure Tra uAnlPseRF9azsznausaeNan

paand Geazanenlszqliifinaans Vuunan  Inedszaianaeanunazian

LL‘]J?EI’]NLL?\W]ﬂﬁ‘EﬁV]’] .

Iuﬂﬂ LT RN R ISR GG T : uré | Transducer B AVL qu

GU12P #agil 5-17 E\ﬁq : Lmﬁmugﬂﬁ 5-19 THILAZIDUAA

ﬂﬂﬂ’ﬁ'ﬂﬂ‘ﬂ‘ﬁﬂﬂ?ﬂ‘i
Qﬁﬂﬂﬂﬂ‘im UAIINYAY

AN9197 5-7



p191eft 57 deyaniamailpmas Pressure Transducer fitfa AVL §u GU12P
F2an13 AR 0-20 MPa
Overload 25 MPa
Sensitivity 150 pC/MPa
Linearity < 10.3% FSO
Acceleration Sensitivit < 0.001 bar/g

Shock Resistan

> 2000 g

Tag Ui L
Insulatio _ d."—m Q
A1 Capacit RN
Thermal Sensitivi fit -
499 20-400° B (7
fi19 200-300° il
et
e
lunsinm Il AUDHEE Y q
KISTLER ﬁ‘u 607C1 ﬂ\iﬁ‘ﬂﬂ 5-18 Wﬁiﬁ? f
PRt -
a o o a o 6
faaseminatiuningui

dl ¥ a =
£1919% 5-8 m@aﬂ@mq@mmﬂ

%
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i Pressure Transducer bt

a o dl
HALLALANNIAITINN 5-8

ucer a@Kis’[ler 714 607C2

1 :73 g ﬁ y kP
TNN i - a
EER e TN NI W TS
AINAWNIALAGIRA 698,476 kPa
P g == o
amﬁﬂﬁ IR
COWONTI T O
UM Fog/lugaq -196 - 260°
wugmunﬂu Intermittent Gas Temperature 1650°C
AN Temperature Coefficient of Sensitivity 0.02%/°C

Transducer UUVAaNe1N U aINAS
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gﬂﬁ 5-17 Pressure Transducer @1%5U7AANAL 7111 5-18 Pressure Transducer

ANUFUIAAINNAL

Tnsiaaiun ol

dy a dl Y o A
IR LNANNNINELTIUNIRA

917 5-19 Aumian

ﬂ‘J’]NﬂuL‘H@LM\mW’NLﬂ’WQQﬂ

srrs R 21 9] 5 9275

Lﬂ]ﬁ‘m DEWETRON Lgu@ﬂmmﬂ%ﬂumimummmmmﬂwmmﬂm

uas ma ﬁ @mﬂﬁﬁﬁrﬁyﬂﬂq gnﬂstlon Analyzer

Version 6 7N M@’]NW?DLﬂUﬂ@N@ﬂQ’]NWNLLUU Real-time Tun1534auldimsas DEWETRON

1 5000-CA-SE éﬁgﬂw 5-20 LL@ZN%@H@‘V]’NLWﬂﬁﬂﬁQM’]ﬁ‘NV] 5-9



714 5000-CA-SE [48]

1999 59 Faganiane @OOO-CA-SE [48]

General Specificatio / '
'

e

Resolution

Ie encoder at up to 8000

on with'4 channel up to 6000

Result display

i)
statistics

s (pressure diagram,P/V

e

Function

Fast stream to d

,,,,,,,, recognition capability

W I
ISK-MOC

Z1 MS/s) 7
Input i ' -7
nput spe —
Put se ¥ 4@ | N eINAS
11 WLt O L 01 Q
Max. channels 3
¢
In ifien slot e a1 — q a"EI
San‘)Iing rate U 1 s tota
Resolution 12 bit
Input
10V Standard
+50 V (isolated) DAQP-V modules
Charge DAQP-CHARGE-X modules

Crank or CA input Isolated
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FN979% 59 (sie) dayaniamatinaasiAzes DEWETRON i 5000-CA-SE [48]

Computer system

Display 17" TFT / resolution 1280 X 1024 pixels
Processor Intel 2.8 GHz

Memory / Hard disk 1 GB /250 GB high speed

DVD drive

Interface

Operating system

Power supply I -

Dimension 5 'lma
Weight ¢ M&
Operating temperatur, ~10:0 50 7 ‘4’\& "5
Storage temperatu 0 bo"_‘j‘g: A
4 sd E;-:. - )
Humidity 10 10,80 ¢ on, con 0 95 % relative humidity
Vibration %“éﬂDS’ 514.5, procedure
Shock -ﬁ?ﬁ-‘é‘f'D‘;B! OF YV rocedure
N o
= | 1

T

5.1.7.5 Charge AmpIiElr J
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Transducer"L'tifqgl o anusas (Analég) 1 uavzatlszananalinglu

silununsesnissialy Taeld Amplifier§u DAQP-CHARGE-A 2 6 iiiawlasdtyoiniann

Fuel L.@qﬁm@n@ﬁﬁ %LMMﬁwﬁgﬁ%&&am&ﬁmﬁ 5-10

Loty
v ey | |
alie [
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r
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F1979% 5-10 deyantamatines Amplifier $i DAQP-CHARGE-A

Supported Sensors

ICP2 and Charge sensors

Sensor type selection

Push button or software

Input Ranges
ICP2 input

Charge input

0, 20, 40, 60 db
0.1, 1,10, 100, 1000 mv/pC

e 0181

Gain Accuracy 1%F.S.

Input range finetuning Pri

Range selection are (all)

Integration (velocity - lacement)

LED indicators — N

Range and filter : e

ICP LED ith co sor, inactive for charge input
OVL LED ge:g_(: trol (output V)

A,V and D LED ato ce'll | nd displacement output
Constant current sour & SB—' >

Filters (highpass) A Hz 1 Hz, 40 Hz (

Filters (lowpass) ?ﬂ:ﬁa: ; : H @ f0

Filter selection Pushbtition are

Filter characteristics #: \ '-jfﬂ!l"a ade (24dB/octave)

Bandwidth, -3dB 2 .gﬁ.tds f0

Typ. SNR @ max ba- B

Gain 0.1 and 1 — R

Gain 10 m m

Gain 100 73 dB

Gain 1000 54 dB

BN NEINT

Output voltagm

O t pOI
RS-485 i acg '

+5V .}V peak voltage )

Powe$ supply voltage

+9 VDC (+10 %)

Power consumption

0.6 W to 1.2 W (depending on sensor)
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5.1.7.6 Crank Angle Encoder

' '
% ¥ = A

Crank Angle Encoder ifluginsniduiudnsudaivnasiedipzeseus e

q

1 1
¥ = Gl

deday a1yl DEWE-Book n31uiieyudaimiasnesaesaufuaranizosauasestus 1ng
Crank Angle Encoder l41ilugitia Kistler {1 26138 HANHMrAIIUN 5-22 Tnsuans

FUAZIREIA I AIRITIN 5-11

31071 5-22 Crarik Afigle Encoder@iia Kistler fu 26138
N &
;ﬂﬁﬂ"ﬂm Crank Angle ;ﬂistler 714 2613B
il Il

PANNIINNL WUl Infrared Transmissive Lightgate

Grak oo G Eiﬁ 5 Emﬁf\we%&},ﬁﬂgﬁuﬁ T Trigger Mark

Dynamic AnglélShift < +0.02 asAdaLRes 7 10.0 rpm
: g = ('Y

AN A E

gruniiondannean s -30°C T4 +60°C

L

F19799 5-11 dasant

ANHIAANUTGTY LAY <1 Watt 91 1000 rpm
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Full Load Curve Torque
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Full Load Specific Total Energy Consumption

Specific Total Energy
Consumption (MJ/kW.h)
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Full Load Energy Conversion Efficiency
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Full Load Exhaust Temperature
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Full Load Curve Torque
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Full Load Specific Total Energy Consumption
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6.1.2.4 ’qmu{]ﬁ‘l’maﬂ (Exhaust Temperature, °C)
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Specific Total Energy Consumption @ 1000 rpm
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Specific Total Energy Consumption @ 10 N-m.
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Energy Conversion Efficiency @ 1000 rpm
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Exhaust Temperature @ 1000 rpm
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Exhaust Temperature @ 10 N-m.
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At Engine Speed 1000 RPM

—O=— RTD 2, EFF. 2%s STD, EFF. —z/— ADV 2, EFF. —{=— ADV 4, EFF.
- O = RTD 2, STEC <> STD, STEC - A =-ADV 2,STEC = 0O =-ADV 4, STEC

35.00

33.00

31.00

29.00

27.00

@9

25.00

23.00

Fuel Conversion Efficiency

21.00

19.00

3j : :
10 15 20
Corrected Torque (N=-m)

25

18.50

17.50

16.50

15.50

14.50

13.50

12.50

11.50

10.50

UANYON) uondunsuoD

ABseug [ero) oyeds

917 6-15 AouANRUETENZaseAs NN AL ABeNasIIINA N zIazANLsTANENIWNNS

1 v 1 1
WasUWAN T e aENA AN szingda nag Tiinnsmaas LAY NG seY

wTasest 1000 rpm WlseuTiELEEngens Hinagnideninsgau STD (20

1 2w i,ll -V ! 1 1 . v ~ ,
CA BTDC) uaglialfinangmdieanlsuusaiionlasuaasmin1saniaainas

.
[51’]\7”'] ' #
L I
e
n —
At Engine Speed 1400 RPM
o—sTD.EFF. —~—ADV 3, EFF. —O—ADV 4, EFF.
& + STD/STEC - A -ADV 2, STEC - O -ADV 4, STEC

35.00 ———— — —— 18.50

33.00 ——— — —— 17.50
g‘ 31.00 —— — —— 16.50 g g
)
£ 290.00 —— —1 1550 é 2
§ < E 2
3 g 27.00 =L —— —+1450 § 3
g 25.00 —— —1 13.50 § %‘
T 23.00 —— — —F 1250 F 8
T N

210G % —+— —— 11.50

19.00 10.50

5 25
Corrected Torque (N-m)

917 6-16 AINANAUFTZMINERINNIAUILADINAN NNz UATALTTANBNINNNS

-dl o dgj a dl ! L% dl <
WAHUNANUERNAINAN19ZN19E LN A lFNNTNAdaLNANITITaL

\ATesest 1400 rpm WBLaLszud s dinaignideauinggiu STD (20

1 v ] 1 1 ¥
CA BTDC) uaziilaldinangnidisaniliuusaine nlaauiasminisanimainas

ﬁﬁdj



136

At Engine Speed 1700 RPM
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Exhaust Temperature @ 1400 rpm
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62.1.1 AMNAUITANAITINIUETARR

dl d” a Py d’l a o o o 4 o 1 ! é’ a 1
LN@LﬁﬂLW@\?QﬂﬂNLT@LW@Q@@WQ@%WWIV@’NNﬂuluﬂﬂ@ﬁL‘ﬁ’ﬂLW@\‘lﬂ’ﬂu
= [ QI é’ 1 ] tﬂl y o

nadani A NAUIRNNINT UL N9AaLTes AUNTEINEANALNINIALNGIANANNAL

[~ o a . o a 1 o < o a o a dl v
gnidudian (Opening Pressure) 489%aan (ANANAUNENTIanTRIIRAT ITAS 140

o\ < o a QI o dl [ dall a dl Y o A a o QI é’
1179) nvianazFuanfAa lua e AN NALTIANAINN D FNaAA sl R T IN TN NTLLAS

ANANTU (Slope of Fuel Line Pressure) Sl Asuntlasnanadunnniin aantuaan

Fuingaiuanaiailedemagnaadi
4 4 dall a . i o ! ! éll a !
ginannlud momasalnad u ludlo NAuluvieaNe TN AININNFIAINN

susluiosn v uarduganasanmainas’(Endofinjection) WHaaauauluviadanamengs

—

G‘Nﬂﬂ@ﬂ@ﬂiﬂ@'\ﬂ’]?ﬂm’mu INURLUTINNALAS “A,f-'\'
Q = Q dl Y o A dl
«' ’u ANNNINLTNIRANANNIENTE

uedon e ldinangniusgdnadrgnisan aaings m@qmﬂmmfmwaummwm

ﬂﬂﬂ’.]“flﬂ‘ﬂ‘ﬁﬂﬁﬂ‘i
QW']&NﬂifLJ UAIINYAY



Fuel Line Pressure
Injection timing : STD
650

Test Condition :
N= 1000 rpm T =10 Nm.

550 -
450 -

® 350 [N

o N
250 -

150

50 T e

9 11 13 15 17 19 21

Diesel,STD
- - - -B100,STD
60%PME+40% DME, STD.

650 -

550 A
450
& 350 -
o
250 |

150

50

._‘

650

000 rpm T = 20 Nm.
i¥

9 11 13 15 17 19 21

Diesel, STD
- - B100,STD
= 60%PME+40% DME, STD.

550

.
— >
T

50 e

“AugIneningns

4y

25 -23 -21 -19 -17 -15 -13 -11 9 -7 5 -3 -1 1 3

Crank Angle (deg)

5

7 9 11 13 15 17 19 21

Diesel,STD
- ---B100,STD
60%PME+40% DME, STD.
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Fuel Line Pressure Test Condition :
Injection timing : STD N= 1400 rpm T =10 Nm.
650
550
450 -
® 350
Ko
250
N
150 | A
o
50 +——— b
25 -23 -21 -19 -17 -1 7 9 11 13 15 17 19 21
Diesel,STD
- - --B100,STD
——— 60%PME+40% DME, STD.
e Press Test Condition :
Injectic \l}‘"'ﬁ”ﬁ =15 Nm.
650 - \\X\\
550
450 -
& 350 -
o
250 |
150
P
50 O T
9 11 13 15 17 19 21
— Diesel,STD
- £ - -B100,STD
—£ 60%PME+40% DME, STD.

50

25 -23 -214 -19 -17 -15 -13 111 9 -7 5 -3 -1 1 3 S5 7 9 11 13 15 17 19 21

Crank Angle (deg) o g;?;léi?

60%PME+40% DME, STD.
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50
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o
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150 -

-25 -23 -21 -19 -17 -15

Fuel Line Pressure Test Condition :
Injection timing : STD N= 1700 rpm T = 10 Nm.

A/\A

Dlesel STD
- - B100,STD
60%PME+40% DME, STD.

11 13 15 17 19 21

bar

650

50

650

550 -

450 +

350 H

250 ~

150 A

50 -

550 A

450 H

Fue e Press 'I‘-."'l |t|0n
S .\\ 700 FpILT = 15 Nm.

“
-25 -23 -21 -19 -17 - 13 - 9 11 13 15 17 19 21
— Diesel, STD
-,B100,STD
= 60%PME+40% DME, STD.
W |
Py
dition :
00 rpm T =20 Nm.
i

25 23 -21 -19 -17 -15 -13 11 9 -7 -5 -3 -1 1 3 5 7 9 11 13 15 17 19 2
Crank Angle (deg) Diesel,STD
- - B100,STD

60%PME+40% DME, STD.
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Fuel Line Pressure
Injection timing : STD

650

Test Condition :
N= 2100 rpm T =10 Nm.
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@ 350
Qa
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150 A
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250

150 A

50

650

9 11 13 15 17 19 21

Diesel,STD
- - B100,STD
60%PME+40% DME, STD.
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5

7 9 11 13 15 17 19 21
Diesel,STD
B100,STD

| = £ 60%PME+40% DME, STD.
LY T

e
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25 -23 21 -19 -17 -15 -13 -11 9 -7 -5 -3
Crank
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- - B100,STD
60%PME+40% DME, STD.
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rpom | Nm | Setting | Diéel | B100 |40% DME| Diesel | B100 |40% DME
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Fuel Line Pressure

Injection timing : STD

Test Condition :
N= 1000 rpm T = Full Load
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850

650 -

550 -

350 -

250 H

150

50 +
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-25 -23 -21 -19 ? -15

oy

1 3 5 7 9 11 13 15 17 19
Diesel, STD

- - B100,STD

60%PME+40% DME, STD.

S dition :
rom T = Full Load

9 11 13 15 17 19
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- - B100,STD
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Injection timing : STD, ADV2

¢
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N= 2100 rpm T = Full Load
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Speed | Torque FaNNTRATR NG (CA)
Cam Shaft Setting
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20 ) 180 | 212 22.8
10 ;"' 17.:6 21.6 22.4
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Fuel Injection Rate Test Condition :
Injection timing : STD N=1000 rpm T =10 kg
2
Diesel,STD - - --B100,STD ———60% PME+40% DME, STD.
15
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-25 -23 -21 -19 -17 -

,m\\

P
\\ 60% PME+40% DME, STD.
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000 r T=20kg
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Fuel Injection Rate Test Condition :
Injection timing : STD N=1400 rpm T =10 kg
2
Diesel,STD - - - -B100,STD ———60% PME+40% DME, STD.
15 -
=)
[}
3
£
<t
[8)
2
E
o
0% S T o A
0 . | 0 P/
25 23 -21 -19 -17 - ‘# 9 11 13 15 17 19 21

\\\“\"&\:L‘-: Itor; 15 kg

. L/ L NN
ﬂllff% l“\ 60% PME+40% DME, STD.

1.5 1

dmfl/dCA (mg/deg)

0.5 4

ot——rJ i
25 23 21 e AT 5 7,.9 11 13 15 17 19 21

- i

T Inje 400 ’.U T=20kg

2
Dlesel STD - B100, STD ———60% PME+40% DME, STD.
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=
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A (mg/deg)

o
o
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0 T T T T T T T T T T T
25 -23 -21 19 17 15 -13 11 9 -7 5 3 -1 1 3 5 7 9 11 13 15 17 19 21
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Fuel Injection Rate Test Condition :
Injection timing : STD N= 1700 rpm T =10 kg
2
Diesel,STD - - - - B100,STD ——60% PME+40% DME, STD.
154
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Fuel Injection Rate Test Condition :
Injection timing : STD N= 2100 rpm T =10 kg
2
Diesel,STD - - - - B100,STD ——60% PME+40% DME, STD.
15 -

dmfl/dCA (mg/deg)
=

o
o

9 11 13 15 17 19 21

0 T T T T T
-25 -23 -21 -19 -17 -

ondition :
\ \\. m T =15 kg

2 mfff E ﬁ\\\\ 5% PME+40% DVE, STO.
ey
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2 i
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i

-sﬂumwﬂmwmm

(mg/deg)

R —

25 23 -21 19 -17 15 13 11 9 -7 5 -3 -1 1 3 5 7 9 11 13 15 17 19 21
Crank Angle (deg)
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Fuel Injection Rate
Injection timing : STD
25

Test Condition :
N= 1000 rpm T = Full Load

Diesel,STD

- ---B100,STD

60% PME+40% DME, STD.

1.5 4

dmfl/dCA (mg/deg)

0.5 1

o

-256 -23 -21 -19 -17 -15 -13 -11 -

Fuel Inj;

-1 1 3 5 7 9

11 13 15 17 19 21

ndition :

Crank Angle (deg)

a5 - Inject TD O rpm T = Full Load
Diesel,S ----B 60% PME+40% DME, STD.
2
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In-Cylinder Pressure
Injection timing : STD

Test Condition :
N= 1000 rpm T =10 Nm.

80 +

Diesel,STD

- - --B100,STD

60%PME+40% DME, STD.

10
0 : : : — — : : : : : :
20 -17 -14 -11 - s 4 7 19 22 25 28 31 34 37 40
7 rank Ang
In- ition :
ti S =15 Nm.
90 -
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80 1 - = - - B100,STD
- {E.{
70 60%PME+40% DME, STD.
60 3 . b —
4 # 4 -
=0 { T e
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40 i, 4 4
30 - ' 1
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20 A 5 R
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P
T
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40 1
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10 A

In-Cylinder Pressure Test Condition :
Injection timing : STD N= 1400 rpm T = 10 Nm.
Diesel, STD
- - B100,STD

60%PME+40% DME, STD.

20 -17 -14 - -8 D ) 19

22 25 28 31 34 37 40

bar

90

80 -

70 A

60 -

50 A

40 -

\t\ ‘i '0” =15 Nm.

k. - - B100,STD

Diesel,STD

60%PME+40% DME, STD.

37 40

= 20 Nm.

Diesel,STD
- - B100,STD
60%PME+40% DME, STD.

20 -17 -14 -11 -8 -5 -2 1 4 7 10 13 16 19

Crank Angle (deg)

22 25 28 31 34 37 40
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In-Cylinder Pressure

00 Injection timing : STD

Test Condition :
N= 1700 rpm T =10 Nm.

80 -

50 - ,,ﬁ.r'_

bar
i

20 A

8

10 A

7 19
rank Angle-(deg)= ==

10 1
0 —
20 17 -14 -1 - . 4
In-
a5 S
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80 1 -

o
70 !

=
60 - L s

Diesel,STD
- - --B100,STD

60%PME+40% DME, STD.

22 25 28 31 34 37 40

ition :
=15 Nm.
Diesel,STD

- - B100,STD

60%PME+40% DME, STD.

2 25 28 31 34 37 40

[o]
rpm 20 Nm.
Diesel,STD
- - - - B100,STD

qQP ME+40% DME, STD.

20 -17 -14 -11 -8 -5 -2 1 4 7
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Crank Angle (deg)
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In-Cylinder Pressure Test Condition :

Injection timing : STD N=2100 rpm T =10 Nm.

Diesel,STD

- - B100,STD

60%PME+40% DME, STD.

22

7 19
rar*Anglﬁ
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‘}\ f. =15 Nm.

Diesel,STD

- - B100,STD

60%PME+40% DME, STD.

34 37 40
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In-Cylinder Pressure Test Condition :

Injection timing : STD N= 1000 rom T = Full Load
90

Diesel, STD
- - --B100,STD

60%PME+40% DME, STD.

10

90

80 -

70 +
60 +
50 +

40 -

30 -
Diesel, STD

\ - - B100,STD

60%PME+40% DME, STD.

20

10 +

-20 -17 16 19 22 25 28

= Full Load

7

Diesel, STD

£ - fo ) oy
- 5
- - B100,STD
" 60%PME+40% DME, STD.
o

20 -17 -14 -11 (8“ 2 1 a 7 %ad 13 16 10 22 25 28 31 34 37 40
r

bar =i

BT o ftEht Tt g

t
= 2100 rpm T = Full Load

19188
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40
S
30 S
g

20 - Diesel,STD

10 | - - - - B100,STD

60%PME+40% DME, STD.
o

-20 -17 -14 -11 -8 -5 -2 1 4 7 10 13 16 19 22 25 28 31 34 37 40
Crank Angle (deg)
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Speed | Torque :J:!'_.""__ AN NALGEA TuiRan g (bar)
Cani-Shaft Setting

rom Nm | .| Diesel | B100 | 40% DME
10 77624/ 78.42 67.75

1000 | =15 STD. 7146 | 74.62 66.87
20 7570 | 77.32 | 65.41
10 80.561 || 79.65 68.02

1400 15 STD. 7317 | 7839 67.00
20 78l0% || 7691 65.79
10 79.76 | 79.68 69.65

1700 15 STD. 76.81 | 75.44 67.38
20 7754 | 76.83 67.30
10 79.89 | 78.97 67.85

2100 15 STD. 80.42 | 76.25 68.46
20 7851 | 77.00 65.58
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P-V Diagram Test Condition :
Injection timing : STD N= 1000 rpm bmep 201.12 kpa
90
—— P-V Diagram_Diesel_STD
80
------- P-V Diagram_Biodiesel _STD
70 1
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60
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8 50
e
3 40 1
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e 30
20 1
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0
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-V Di ition :
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P-V Diagram Test Condition :
Injection timing : STD N= 1400 rpm bmep 201.12 kpa
90
—— P-V Diagram_Diesel_STD
80 1
------- P-V Diagram_Biodiesel_STD
70 A
- P-V Diagram_40%DME_STD
60
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8 50 -
e
>
@ 40 ~
o
2 30
20
10
0
0
P-V Diagram ondition :
Injection ti 2 m bmep 301.68 kpa
90 - !
P-V Diagram_Diesel_STD
s 1
- T T T, -V Diagram_Biodiesel_STD
704 N\
9 -V Diagram_40%DME_STD
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60 - ..‘ & F
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@ 40 - e -
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2 30 .J -
20 i "'.- : =
10 -
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o
o 0.000. 0. si 0.0006 0.0007
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70 - ™ lﬁ
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10 -
o
o 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007
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Volume (m3)

P-V Diagram Test Condition :
Injection timing : STD N= 1700 rpm bmep 201.12 kpa
90
——— P-V Diagram_Diesel_STD
80
:"‘\_‘ ------- P-V Diagram_Biodiesel_STD
70 A \
~——P-V Diagram_40%DME_STD
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2 50
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& 30
20
10
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0 0.0007
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P-V Diagram ondition :
Injectio bmep 301.68 kpa
90 =
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80 L
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70 -
\. — Diagram_40%DME_STD
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Py 1
g A
S 50 1 i
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20 - 1
X
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3
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[¢] 0.000:! 5i 0.0006 0.0007
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P-V Diagram Test Condition :
Injection timing : STD N= 2100 rpm bmep 201.12 kpa
90
—— P-V Diagram_Diesel STD
80
——————— P-V Diagram_Biodiesel_STD
70 |
- P-V Diagram_40%DME_STD
60 -
£
8 50 A
<
3
@ 40 1
o
& 301
20
10
0
0
P-V Diagram ondition :
Injection _ti m bmep 301.68 kpa
90 -
= -V Diagram_Diesel_STD
80 " ‘;'. r
o £ --- P-V Diagram_Biodiesel_STD
70 A L
Diagram_40%DME_STD
60 ,&. -
g w Ay,
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10 -
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o
o 0.000! 0. Si 0.0006 0.0007
P- :
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‘ P-V Diagram_Diesel_STD
80
i u ——————— P-V.Diagram_Biodiesel_STD
70 A
P-V Diagram_40%DME_STD
60
¥ ¢
20
10 -
o ; : ‘ : e
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Volume (m3)
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a

Pressure (bar)

Pressure (bar)

50 A

40 -

30 A

20 A
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90

80

70

60
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a0

30

20

10

P-V Diagram Test Condition :
Injection timing : STD N= 1000 rpm T = Full Load
90
P-V Diagram_Diesel_STD
80 -
rrrrrrr P-V Diagram_Biodiesel_STD
70 +H
P-V Diagram_40%DME_STD
60 -
E 50
E 40 -
30 4
20 -
10 A
o
o 0.0007
P-V Diagram b Test Condition :
Injection timing T, N= 1400 rpm T = Full Load
90 —
P-V Diagram_Diesel_STD
80 -
------- P-V Diagram_Biodiesel_STD
70
"\_ === P-V Diagram_40%DME_STD
60 -

0.0007

] -.\1. ondition :

Injectio i : F DO rpm T = Full Load

P-V Diagram_Diesel_STD

- P-V Diagram_Biodiesel_STD

P-V Diagram_40%DME_STD

A B
N

o 0.0001 ‘ aUAUOOZ B 0 K 0.0005 0.0006

0.0007

t ndition ;
210 T ull Load

P-V Diagram_Diesel_STD
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a1nguU 6-38 DagU7 6-42 wudn ponnAuluiesNn Indgegaiald DME-
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Speed | BMER | Indicated Work (J)
Cam:Shaft Setting

rpm kPa — Diesel B100 [40% DME
20f.29 ™ 232 | 228 | 214

1000 | 301684] © ° STD';-':' 291 291 276
402.24 .J:,'--:_,_} 357 360 345
201.20_{" | 258 | 248 233

1400 44/2301.68 STD. 3085+ 309 291
40224 384 377 362
201.20 240 287 254

17007 | 801768 ST 71 299 319
402.24 350 359 385
201.20 291 285 276

2100 | 301.68 STD. 361 347 342
402.24 413 421 403

X
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WLINAABATWNNNTENIMAGEL HAranusuRianiuianialunszuenguliungnguiiatae

dl [~ dl = o d’j a a dl v & I al
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N3N 6-24 suBumAnLianiglunszuanguliungngy Naninznszgegn

a ' [ dgll a ] a
WIaLauszrdnansldmanasusasaia

Speed | BMEP Indicated Work
Cam Shaft Setting | # Ftel

rom kPa (J)
746.36 Diesel 580
1000 | 733.09 sTD |'B100 568
587.68 l‘. 40% DME 449
818.96 ¥ Diesel 657
1400 | 795.63 STD. % B100 622
630.51 A;(j}/c;'DME 485
821.98 é;s;e| 705
1700 | 799.25 STD B100- 669
644.794 40%-DME 517
783.17 Diesel 685
2100 | 744.95 STD. B100 635
636.35 40% DME 553

AQNAN TN D-6-24 LHANFNIUINANITZ A4 44 Wl e ldundunLns

| dg’ a ISP al a c:ll 2 14 ! =y d‘ dl ISP
dwmanad aviAeupuaentuAgmelunssuenguliungnauimgangs Liaaaanien

ANNAUENHALRALILITNGINEA (Brake mean effective pressure, bmep) lunnArnuiasay

LATRNEILE wazn131d DME-PME ludngn1 40% DME HTaInae aziA191uausaninia

nalunszuanguliungnguilAnAaingn esaniaAiAuauianalaaLLuINANNgn
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Heat Release Rate Test Condition :
Injection timing : STD N=1000 rpm T =10 Nm
50
Diesel, STD
40 - - - -B100,STD
B —— 60%PME+40% DME, STD.
S 30 A
[}
k<
2
< 201
O
k)
o ]
Q1w
0 : : i
‘ B e . e AL : :
3 10" 20, %] 0 90 100 110 120
.10 i
-4 :
\:: =15Nm
50 Sy
\ Diesel, STD
40 - - - B100,STD
60%PME+40% DME, STD.
> 30
[
kel
2
< 20
O
k=
© 104
©
0 - ;
-3 100 110 120
-10 -
m Inje
50
Diesel, STD
40

WAYARYNNINGAE

50 60 70 80 90 100 110 120

-10

Crank Angle (deg)

2119 6-43 ANANRUSITUINSRITNTUARLAREAINFAUTUNITLNINN9U NEN10Y

181

Mszunedu N lFN1IMAGe LN AINEITALLATENLUE 1000 rpm tWTeLiiey

921319N 7 I 1T AN A LA A LTI



182

Heat Release Rate Test Condition :
Injection timing : STD N=1400rpm T =10 Nm
50
Diesel, STD
40 - - --B100,STD
——— 60%PME+40% DME, STD.
S 30 -
o)
3
j3
< 204
3
g
(o4 |
32 10
0 5 : :
-3 90 100 110 120
-10 -
Condition :
pm T =15 Nm
50 -
\ — Diesel, STD
40 - - - B100,STD
k‘ 60%PME+40% DME, STD.
S 301
3]
B
1 20
p |
O
3
(04
3 10 A
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-30 90 100 110 120
-10 -
50
f Diesel,STD
F-% L7
40 - 5 $¥°
/ 0%PME+40% DME, STD.
~ 30 1 s -
501 4
! o o/
© 10 ;
04 _ W 4 e : : :
30 20 -10 O 10 20 30 40 50 60 70 80 90 100 110 120
-10
Crank Angle (deg)
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Heat Release Rate Test Condition :
Injection timing : STD N=1700rpm T =10 Nm
50
Diesel, STD
40 1 2 - ---B100,STD
¢ ———60%PME+40% DME, STD.
S 301
o)
3
2
< 201
O
3
(o4
3 10
0 - & T T
-3 90 100 110 120
-10 -
st Condition :
\\\Q:\H-. T =15 Nm
50
\ — Diesel,STD
40 | - B100,STD
L\ 60%PME+40% DME, STD.
S 301
o)
ks
2
< 201
O
g 10 4
el
0
-30 90 100 110 120
-10 -
00 rp% =20 Nm
50 ) Diesel,STD u
¢ L U - - - - B100,STD
40
60%PME+40% DME, STD.
ﬂ] L
90 100 110 12
-10
Crank Angle (deg)
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Heat Release Rate Test Condition :
Injection timing : STD N=2100rpm T =10 Nm
50 1
Diesel,STD
40 - ---B100,STD
—— 60%PME+40% DME, STD.

30 1

20 A

10 1

dQ/dCA (I/deg)

>st Condition :

T=15Nm
N

50 -
— Diesel,STD
'B100,STD
40
60%PME+40% DME, STD.
S 301
Q
2
= 20
p i
2
© 10
°
0 A T T
- 100 110 120
-10 - - S, S 3
A X
| —s
Y
O o
00 rprm =20 Nm
50

Diesel,STD

- - - -B100,ST
r
60%PME+40% DME, STD.

YN

Crank Angle (deg)
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Heat Release Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N= 1000 rpm T = Full Load
50 —
Diesel, STD
- - B100,STD
40 -
60%PME+40% DME, STD.
@ 30 A
s
8’ 20 -
e}
[o i
g 10
o T T
-30 20 100 110 120
-10
Heat Relea: -.‘:'* \\‘ :
Injectio ,.\;Q: J— pm T = Full Load
50 -
Diesel, STD
20 4 B100,STD
__—— 60%PME+40% DME, STD.
Eﬂ 30 4
H
g 20 A
g 10
o 4 N
-30 -20 > ] 70 80 90 100 110 120
10 - =,
E ion
= Full Load
60 - o < Diesel, STD E—
’ - - B100,STD
50
60%PME+40% DME, STD.
~ 40+
g 30
20 - s p————
. ']
? .. N
1]
O = = HSpelL et ' . .
-30 -20 0 40 50 60 70 100 110 120
10 "
‘ : Crank Anil(deg)
Inje tiot oor 1 ad
0 q] Diesel,STD ]
iese! y
-20  -10 o 10 20 30 40 50 60 70 80 90 100 110 120
10
Crank Angle (deg)
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demasludaenislanilassAanuFauniuy Mixing controlled phase

1 1 v 1
F13197 6-25 wAAIqAENFuNITH lnduazqaduganisiunlud Aaniae

nszuNduTesTenatuiazaiia e ldinaignideaNAeaAINsan e IWAININTT Y
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FIN3199 6-25 qAENAUNNTIHN duazqadugansEn il Naninzniszunednu
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LLE“EI‘LI WUz wINens Mi@e masusasTiia

Speed|Torque| Cam Shaft SOCACA) EOC (CA)

Rom | Nm | Setting” | Diesel | B100 | 40% DME | Diesel | B100 | 40% DME
10 “97/1 |\ s0.0 6.8 220 | 220 32.8

1000 | 15 STD! 494 I‘_-j_1.6 6.8 296 | 336 40.0
20 6] =120 7.2 404 | 440 456
10 £0.07 1 400 956 292 | 296 49.2

1400 | 15 STD. 92 1]2 96 344 | 296 51.2
20 o6 -15,-;;4'5,;, 96 372 | 376 55.6
10 S N 24 | 236 40.0

1700 | 15 STD. 96 | 98 8.0 220 | 252 44.0
20 84 | -96 88 | 202 | 292 46.4
10 80 | -88 76 320 | 280 46.4

2100 | 15 sté VAR P, 7% 432 | 336 48.0
20 88. | -96 7.2 440 | 428 53.6

d” a 1 a dl Vv d” dl 1 = d’/ a
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1 1 v !
F19797 6-26 qAENAUNTEN duazqpduganIn il Nannnznnsvgegn wlsauday

FLUINNIF I I TANAI LA AT

Speed | Torque SOC EOC
Cam Shaft Setting Fuel

rpm Nm (CA) (CA)

37.11 Diesel | -124 | 896

1000 | 36.45 STD. B100 | -132 | 89.6

29.22 40% DME| -7.2 56.0

4072 ' Diesel | -108 | 808

1400 | 39,66 STD. B100 | -11.2 | 848

3135 | 40%DME| -9.6 68.8

4087 e Diesel | -11.2 | 69.6

1700 | 3974 S B100 | -108 | 888

3185 A8 Yo% DME| -84 79.6

38.94 | Diesel | -124 | 688

2100 | 37.04 ST B100 | -10.0 | 72.8
31.64  aowois| s 64.0
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azain
Speed | Torque Fna89n13LHn gl (CA)
Cam Shaft Setting

rem Nm Diesel B100 [40% DME
10 31.2 32.0 39.6

1000 15 Sio. 39.2 45.2 46.8
20 52.0 56.0 52.8
10 39.2 39.6 58.8

1400 15 S0 43.6 40.8 60.8
20 46.8 48.0 65.2
10 : K 4 5) 34.8 47.6

1700 15 SThy, 31.6 34.8 52.0
20 37.6 38.8 55.2
10 - --,'. 40.0 36.8 54.0

2100 15 STo= 516 | 428 | 556
20 p 52.8 524 60.8
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F1997 6-28 Fateanigien inaninzniszgean Weauiiaussudnanis i mausias

TR
Speed |Torque 799289017 gl
Cam Shaft Setting Fuel

rpm Nm (CA)

37.11 Diesel 102.0

1000 | 36.45 STD. B100 102.8

29.22 40% DME 63.2

4072 4 Diesel 91.6

1400 | 39756 STD. B100 96.0

2 36 ' 40% DME 78.4

4087 y Diesel 80.8

1700 (480 74 STD. B100 99.6

F3p " ff “ |40% DME 88.8

3804 = % | Diesel 812

2100 | 37.047 ) SIDZ g | B100 82.8

31.64 40% HME 72.8
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F199N 6-29 AAwmliadugnaeaesAnFau Aaniavnissuedan Wy

FLUINNIF T I TANAI LA AT

AunaqaAutinaslaetANTay

Speed | Torque

Cam Shaft Setting (CA, aTDC)
rom Nm Diesel B100 40% DME

10 3.2 2.8 8.0
1000 15 ST s 44 4.4 11.2
20 J 7.6 8.0 13.6
10 MO 6.0 9.2
1400 15 ST ' 8.8 6.4 12.0
20 =996 9.6 13.6
10 ) 6.8 6.8 11.6
1700 | 15 o P¥rasr T 8.4 13.2
20 ’{"_9;_2_ 9.2 14.8
10 738 8.8 12.8
2100 | 15 sTD. 108 10.4 12.8
20 ’ - 12.0 8.8 16.4
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F1979% 6-30 AAwMliqRAuEnaelaasANFaU Nan1arnsegeqn WisuWaLIEnda

AN TR N AILAA TR

Speed | Torque AunaaAutnalaesaNieu
Cam Shaft Setting Fuel

rom Nm (CA, aTDC)
37.11 Diesel 224

1000 | 36.45 STD. BA0D 236
29.22 40% DOME 18.0
40.72 4 Diesel 22.0

1400 | 39.56 SHD; B100 22.4
31.35 40% DME 19.2
40.87 Diesel 16.0

1700 | 39.74 STD. B100 18.4
31.35 » 4| 40% DME 21.6
38.94 Di‘ééell__ 20.0

2100 | 37.04 STD. B_1__Tj)_0.: 20.0
31.64 - 40% DME 7 20.4
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Ignition Delay
Injection timing :

STD

Fuel : Diesel, B100, 40%aDME
Test Condition : N= 1000 rpm

Corrected Brake Torque (N-m)

& Diesel

0 B10O £ 40% DME

CQrank Angle (Deg.)

Ignition Delay

Injection timing : STD

Fuel : Diesel, B100, 40%DME
Jest Condition : N= 1400 rpm

4A0%6DIVE,

Carrected Bﬁake Torque (N-m)

0 40% DME

3 B10O
|

COrank Angle (Deg)

Ignition Delay

Injection timing ¥ STD

. Fuel : Diesel, B100, 40%DME
"\ Test Condition : N= 1700 rom

15 20

Corrected Brake Torque (N-m)

& Diesel

00 B100 0 40% DME

COrank Angle (Deg)

Ignition Delay
Injection timing

I STD

Fuel : Diesely B100,40%DME
Test Condition : N=2100 rpm

15 20

Corrected Brake Torque (N-m)

B8 Diesel 0 Bi100 0 40% DME
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Ignition Delay Test Condition :
Injection timing : STD N= 1000 rpm T = Full Load

Qank Angle (Deg)

B Diesel

0 40% DME

ondition :

rom T = Full Load

Orank Angle (Deg.)
o o
o @
-

Crank Angle (Deg.)
[ )

\ ﬂiesel " O 40% DME

ﬂu&iﬂfﬁﬁl ﬂ%ﬁﬂﬁlﬂﬂﬁ

11.6

108 -~ ——- -~~~ —— ——— - - - - - - == — = == — =

x:
i
o
o
n
ah
=
s
e
2
o2
De
czz

§ 68 f——————————————————

60 f+————————————
X 524 - - - - - ===
® a4t --——-————————— 3
O st -——-----—--—— !

28 4 -
2.0

‘ & Diesel 0 B100 0 40% DME
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A ludesmn vsdanduumedetiunuusfia deawaingdnss (Direct Injection, DI) 438
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ol ¥

(Indirect Injection, 1DI) a4 [upAsTladeiILATaseUANaNK) daanuuuu DI nnsigailen
v dl ai 9/ i L o4 \ a R 2/ a c ¥ o

asArwande g 14l ludhsanianasaasailinnaziadaensiiasgiaindeyananusiu

Tunszuangu Aaanisnalafidlgieganianauananszuangundnisasuulaslilann

WAUAINAUINNNTE ABID LLuumuLﬂzWu@kgLﬂ?*mﬂwa (Motering  Line) 8utHadsnann
J
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% a
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Tinnsdszununisalaissmmandamnasudoeandiaesinsanssidaiinoa lduiuenl
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WAz
Speed | Torque | Cam Shaft M98191N199As2dn (CA)
rom Nm Setting Diesel B100 |40% DME
10 8.4 8.4 8.4
1000 15 STD! 7.6 6.8 8.4
20 56 6.4 7.6
10 ) 72 8.4 5.6
1400 15 STD| 8.0 6.8 5.6
20 ' 6.8 7.6 4.0
10 A\ 6.4 6.8
1700 | 46 s1o. T ‘6 8.0 5.6
off Jf d 4 80 8.0 5.6
10 e, 72 8.4 5.6
2100 15 |==STD, ___’i,:6.8 8.0 6.4
20 | ' 6-.4 76 6.8
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000 rom WAzAzAAs el FuiNARI I3 98 ATa s uRg el tnedndand nnsqnszidn
4 3

UNAA NANL3ITALLATEIEUF 1700 rpm LAz 2100 rpm
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Speed | Torque [Cam Shaft ﬂiqqdﬁﬁmﬁmmﬁm (CA)

rpm Nm Setting rue (CA)

37.11 Diesel 4.8

1000 | 36.45 STD. B100 4.0

29.22 0% DME 6.8

40.72 . 4 Diesel 5.6

1400 | 3956 SID. B100 6.4

81.36 ! 409 DVE 4.0

40 87 : '; Diesel 4.0

1700 | do7h J*sto [ Bioo 6.4

3438 'j"—- 40% DME 7.2

3804 1~ | ipiesel 2.4

2100 | 37.04 STD. S 9B100 7.2

3164 | ‘ 40% DME 6.4
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Net Heat Release
Injection timing : STD

Test Condition :
N= 1000 rpm T =10 Nm

800 -
700 -
600 -
500 -

g 400 -
300 -
200
100 -

0 =

-2
-100 -

Diesel,STD
- - - - B100,STD
———60% PME+40% DME, STD.

900 -
800 +
700 +

600 +

80 90 1

st Condition :
Ny S

Diesel, STD
- - --B100,STD

———60% PME+40% DME, STD.

60 #™~70 80 90 1

'
{_-7
¥

000 rp !I‘ =20 Nm

URIANYIAY

Diesel,STD
- ---B100,STD
——60% PME+40% DME, STD.

0 10 20 30

40 50 60 70 80 90 1

Crank Angle (deg)

3107 6-50 AYNANRUSIzMININTABAYINFRUEVEALNIENNINNNUN NAN1IENNTY
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Net Heat Release Test Condition :
Injection timing : STD N=1400 rpm T =10 Nm
900
Diesel, STD
800 1 - - --B100,STD
700 - ——60% PME+40% DME, STD.
600 -|
500 -
= 400 -
o
300 -
200 -
100 -
0+ :
2 90 100
-100 -
G ion :
N\ \.\ D =15 Nm
900 + —
w \\ Diesel,STD
800 +
- -B100,STD
700 1 ~ 60% PME+40% DME, STD.
600 +
500 -|
S 400 |
(o4
300 +
200 -
100 -
0 o ;
-20 80 90 100
-100 4
'ditio .
400 rp =20 Nm
900
‘a v,
600 ir i | Ig I i I 5
501 ¢ o o/
q 200 - Diesel,STD
100 | - - --B100,STD
60% PME+40% DME, STD.
0 ‘ ; ; ;
100 20 -10 0 10 20 30 40 50 60 70 80 90 100
i Crank Angle (deg)
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Net Heat Release Test Condition :
Injection timing : STD N=1700 rpm T =10 Nm
900
Diesel,STD
800 - - - - - B100,STD
700 A

/_\ 60% PME+40% DME, STD.

¢

URIANYIAY

100
N ition :
e s = =15 Nm
900 -
800 - A 7
7 \
700 - -
600 - £ -~
500 | A
] i
S 400 A A
o P2 .
300 - E ;f;;
200 A e ;, Diesel, STD
oot - - --B100,STD
100 - - — .
T ———60% PME+40% DME, STD.
0 4 - - ; ‘ ‘ : :
20 - 4 0 #~70 80 90 100
-100 1
[
I .
Injecti 00 rpm T =20 Nm
900
‘a

200 - Diesel, STD
100 - - - --B100,STD

60% PME+40% DME, STD.
100 -20 -10 0 10 20 30 40 50 60 70 80 90

100

Crank Angle (deg)

U9 6-52 Anudniutazidnanistaesanfeugrsiuniszniaineu faninenisy

1negqau nelinnmegeuaAnNisasas 1700 rpm wiraueUsEnInanis
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QM)

Net Heat Release
Injection timing : STD
900

Test Condition :
N=2100 rpm T =10 Nm

800 +

700 +

600 +

500 +

400 +

300 4

200 +

Diesel, STD
- - --B100,STD
—60% PME+40% DME, STD.

90 100

QW)

900 +
800 -
700 +
600 +
500 -
400 +
300 +
200 A
100 ~

0 =

-2
-100 -

T ion=:15 Nm

Diesel, STD
- - --B100,STD
= 60% PME+40% DME, STD.

80 90 100

ditio

1500 +

1300 +

900 -

500 ~

300 H

100 -

AU INYNINYAFF =

00 rp Iﬂ =20 Nm

Diesel, STD
- - --B100,STD

20
z0

D
LN
(o}
D
[iN
(o}

-100-2

-

D

@®

D

© |
[}

[iN

C

o

5o &0
2\ o0

Crank AnaTe (deg)
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a4

1500

Net Heat Release
Injection timing : STD

Test Condition :
N=1000rpm T = Full Load

Q)

1300 4

1100 4

900 -

700 -

500 -

300 -

100 1

Diesel,STD
- ---B100,STD

1100 +

900 -

700 1

Q)

500 A
300 A

100 -

-100-20

1500

Q)

100 +

1300 +

1100 -

900 -

700 1

500 A

300

60% PME+40% DME, STD.
T T T

Ty, .
D iesel, STD

100,STD
60% PME+40% DME, STD.

%iesel,STD
- =4 100,STD

60% PME+40% DME, STD.

| ko L

Injection timing : STD

€ itio
N=2100rpm T = Full Load

GRGRIVE

Diesel, STD
- ---B100,STD
60% PME+40% DME, STD.

Crank Angle (deg

[o]
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¥ del a i a
N9 1T LWASUAIA LG

Speed | Torque ' n19aanANNTauaNg (J)
Cam Shait Setting

rpm Nm e Diesel B100 40% DME
10 | 456,30 459.10 435.15

1000 15 SP:id 155412 550.73 560.33
20 '-':@8_.78 685.46 696.31
10 7_5_15.50 507.75 457.23

1400 | 15 STD. 612.12 595.38 574.35
20 | 742.67 739.35 724.91
10 579.66 693.77 527.27

1700 15 STD: 646,63 709:68 664.65
20 756.88 786.23 776.35
10 615,02 60680 579.17

2100 15 STD. 732.95 718.43 700.71
20 845.04 857.20 824.72
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Mass fraction Burn

Injection timing : STD

Test Condition :

N=1000rpm T =10 Nm
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Mass fraction Burn Test Condition :
Injection timing : STD N=1400rpm T =10 Nm
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Mass fraction Burn Test Condition :
Injection timing : STD N=1700rpm T =10 Nm
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Mass fraction Burn

Injection timing : STD

Test Condition :
N=2100rpm T =10 Nm
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Mass fraction Burn Test Condition :
Injection timing : STD N= 1000 rpm T = Full Load
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Injection timing : STD N=2100rpm T = Full Load
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Speed | Torque Mass Fraction Burn
Cam Shaft Setting
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10 0.854 0.827 0.864
1000 15 $10. 0.834 0.786 0.854
20 0.889 0.791 0.821
10 0965 0.874 0.825
1400 15 10, 0.949 0.805 0.849
20 0.939 0.827 0.854
10 * 0.938 0.948 0.885
1700 o STD! 0.987 0.934 0.919
20 0.950 0.907 0.875
10 / 0.967 0.899 0.891
2100 15 STD. - 0.974 | 0.898 | 0.903
£20 0.967 0.876 0.896

ANAN9ISTN 6-35 ann1Inadeunqanadatluudazaa1uLFiseUTas
dy a dl ¥ o 7 a dl a dl < dl 1 AI 49{
TANAIN MEN1AATN AZA U LAA LT A, L ATAATIWIN AT L5239 AT WL9INTLANT WA
N172N139U AL T g pdauna A a T LN i Asula iy u N uun undaia

91n31U7 6-59 uansdhdausag e iR lviiadadzniszqegn Weld

d’j dl 1 = dgj a Y o/ dl
agnLdaaNANaHINIsRREEWAIENATT L BT aTLlAAt 91N 6-36
4 .y ¥ - 4 el y

AN919% 6-36 LARASARAIUNAAITRLNARSTLNN I Nan1nzn19egegn Lila

RANTUIAINTITRLAITILAZAYINLIIIRLLATESUAA AN Annisnaaey g deinacus

avatin Mna1gnidesAeIAINIIRATEINAININTTI



213

1 ¥ 1 1
F19797 6-36 Andaunaaiaimaaien il Nan1nznisvgegn Wiauiauszndnanisld

ITALNAI LA AT

Speed | Torque
Cam Shaft Setting Fuel Mass Fraction Burn
rem Nm
37.11 Diesel 0.679
1000 | 36.45 SID. B100 0.640
29.22 40% DME 0.855
70,22 e Diesel 0.731
1400 (#3956 STD. B100 0.732
34133 '_ | 40% DME 0.844
40.87 _ Diesel 0.757
1700 4 39.74 TSATJD. B100 0.742
3185" |1 40% DME 0.852
38.94 Diesel 0.704
2100 | 37.04 STD, . B100 0.728
31.64 40% DME 0.831

AMNANTNT 6-36 LHANANTUINANIIEN1T2g94m WLN9ld DME-PME

!
=

Tudndan 40%BME dinmawdria1dndmneamamaqunludingangs luynaaiua

a qQ

FOULATANEUS LAWNBANTHITITULATENELAAIT WU TSN TN AW TinLINgeqn Azl

M1 Bd0 UM s A L Tl aeiu lag wiud (Hh [Hu Nd e g wine o i

2 i . 4 ey ¥ - X o
noaautsinisn lndinngalunsazqanagey Waldiwargnillaadnasrin192mimEaLnas
Nngg I IAAsuanslumngeil 6-37 Taaninsan winfiansanianiazniainauinisy

119d91 NANETaY 1000 rpm e ld DME-PME ludndau 40% DME 1dwidainas azil

' '
o ] I &

X a & Y = 44' ~ @
@@@QMNQ@L‘I]@LW'ZQ\‘]V]LNWIMN’Q\W]@@ S NLIUNNITE 20Nm) FUBRNARNNNAITHLTITRU

q

a '

dl rc: = = dgl o o -dlc: o Y o ] dal a dl 2% 1
LATRNEIURIAN uﬂ?‘mmmmmm@memmmmmmwﬂummummLﬁ@l,wmmmvl,ngq bbB1

RPNz lUT29A9WA 1400 rpm auDe 2100 rpm Wy e lduindummadwdamaelu



214

nsnpaauaridndiuniamainasiiin g dadulliddnisdesem@sasenininnd
d” a dl o a a o ay ya A o o 1 d” a o

dainasneanaingiaanianisnanivlenlfnuaridnsnisuaniusndnumewaiu
analudnsdounivnnzanludwardinisanssiadunaliifianisen Indfauysniuas
= a a ai [ % dlf a ai =X Y o ] dg/ a dl £ '
AusgAnBnnnalasundsnumemaigs Andunalidndountamamaaiun ndge ws
\Hald DME-PME ludndau 40% DME iludaimnasazinisanimamasandinisen uddou

Tnnjaaaimanasaziingulugag (expansion  stroke) grungi lutiasiunludineuEusunis

3
1

e A gauLarEN A NAeIn sAtauFaun L lunnsszmeflulasesmaim@eigy

a

o R4 4 °I o U i/dl Ct 1 dl 3 a -dl
mﬂwmmﬂwgmmmmmm ‘1/]’11‘1)]Lﬂﬂﬂ’]i‘LN’]iﬁNV]@ﬂJUﬂﬁfmuﬂﬂﬂ’J’] LULANANNLTBLNANN

a

o a a Yo a Y o o 1 g =3 o % dl 14
'ﬂ'ﬂﬂ‘\]’]ﬂgﬁﬂl'ﬂﬂqzmﬂﬂ'ﬁLN’]VL‘VilI‘I/I‘LWILLZ\]ﬁIﬁ'@ﬂUﬁl’]LLMH\?@@ﬁuﬂm’muu @QVI’]IMLW]?@QEIHE‘I%@

1A

¥ v o i 7 a d” a
qwumnmimﬂwu@ﬂ LLN’J’m’]?‘Ll@@EIﬂrJ"INﬁ“ﬂu@‘V]ﬁ@”Nﬂ’m\‘]LL[}’]ﬂQJﬂ?‘QJ’]Mﬂ’]?ﬂ@Lﬁ@LW@\‘]

b

P o e Al o Yo it F§ A 2 0 a
sadnansiunninidnanudaaanish i i e sgnmnile defige

1o

TneTudounsfupnanpdasfidn10zn192gean [anansunieadndounna

1o ]

Lﬂi@L‘W@QVILNWTﬁN wudald PME- PME 1%@@'&’]% 40% DME Lﬂummwmammmmumm

L°T]ﬂLW@Q‘V]LN’]TMNZNV]ZQ@ILWWWMNL?Q?ﬂu%ﬂﬁﬂ?ﬁﬂﬂ@@ﬂ ‘ﬂuLu@ﬂN’]@’]ﬂNﬂﬁ‘w@‘Wﬁﬂ’]Wﬂﬂﬁ‘

-_.r'xl #

Lﬂ@ﬂu‘wmmum@ WA W@QW@@LL@”N@NWﬂW?@@ L°I]@ LAY m‘ﬂ'}{]"}ﬂﬁ“ﬂ lﬂ'W]’&ﬂ ?QN‘V]\‘]N

Ao ladaNANg mﬁlunﬂﬁfg_ﬂmmi@um?mmmmmeﬂummqumazqq@m

AN9197 6-37 wassanipEaNaIA LN maga AN s TudAngaluws

1 1 v % jf
avqanagay e lfuagniienAiedAInIIe A e AR T 1Y



1 ¥ 1
AN9199 6-37 1@anaIn I lunfmagaLl

PR g

gNLlEIAIRIAINIIAATDINRINIATTIN

Speed Torque | Timing Mass Fraction Burn
rom Nm Diesel B100 40% DME
1000 10 N
1000 15 N
1000 20 11/ \

1000 Ful N
1400 10 N
1400 15 Al
stp.
1400 20 ‘ N,
1400 Fl ;J' \
1700 1g ) v
1700 15, N
STD;
1700 20 A A
1700 Foi £z N
2100 10" <7y
9100 15 A
2100 20 o N
2100 Full N

215

vl al ' A qy
VlﬁJﬂ']?LN’ﬂﬁll ﬂ%@ﬂluLLm@ﬁ”ﬂﬂVI ARDL LA FTLNAN

dl J 9/%; o a | dgj a IS
RINAINN 6-37 Tagnangaunudn ngldindunmadumawas azian

o X = a o ol =< 9 gy a g & a
@@@QHNQ@L‘ﬁ@LW@\?WLNqLLVNQ\‘W]@‘ﬂ ﬂﬂLLN"Q’]ﬂN@ﬂ’]?W@@@U“’EﬂL?Nmuﬂqﬁ‘ﬂﬂLﬁ@LW@\?ﬂ@\?ﬂqﬁ

¥ %’ o [ N d” a A Ql ¥ 1 % 1 ¥ %’ o | d” a
hmmuﬂ’mﬂui@mLsﬁmﬂumﬂmquﬁmmL':mmumwmﬂﬂumﬂﬂjumummLﬂumm‘wm

o o vl

1 dl = = dgl a 1 a = dl 1 =K [ 1
WALHAIANNNUTNIUNNTRA LT LW@QW@QQ@ﬂ?LL@Z@mMQNiﬂ LARINZNINIT A Wunaliwdan

v
2 o

o ! dal a -dl dld { o ! 9/9; dqj a dj ¥ o o
'&@'&QMN’J@L%@LW@QVIQﬂLNWTVIN‘V]&Iﬂ’?lﬁ]’m’l’?ﬂ’]?lmu”muﬂLsﬁ@LﬂuLﬁj‘ﬂL‘W@\‘i T9N19 TN

[
a a IS DA

a [~ dlf a y v = A a v dl dl a %
ALALTUTALINGY NTNNNTTNAUNNTRATIALNANHANRNULNNNIN 61%%@451/]’@041/1@&]1%1/1@\1

WA IMTRANAN AT RERNININITHANA UL NAT RN AU B duR Nz N T 29

¥
] )

Y a o Y a SJdI X Y o a ai |
andnisaaszidnrinldiianisen luinanysal Aailunalidndousaamaindainmn g
9

1
ISP { 3 !

Ageuazguui laldann wiileadn1sdamainaeianaasutinnteandn grungi luiaaiwn

Q a



216

v
1 v o

o1 Ql ¥ =l =2 g Y = o Y o
1MNﬂﬂuL?Nmuﬂ’]iLNWiﬁﬁJﬂJﬂ’]@ﬂ mum\ﬂumwmmmmm:;mmmeﬂmmmmmm

= =

Auseudnamamasiuan1Aldnsdoun ldwnnzan M liidemasignaneanainginan

u
¥ 1
1

a Y o A a 9/Adl 1 ¢ @ Y o ! A a A v
Lﬂﬂﬂ’]ﬁ‘LN’ﬂVﬁJVl‘HVILL@:ZLﬂﬂﬂ’]ﬁ‘LN’ﬂﬂN‘VﬂﬁJ@NyﬁmmuNZQEL‘W&@@QH@J’J@L%@LW@QVILN’]‘IMNNQ’]

3

OI a al dl a al dl i’/ 3| o A o =R dl
Auaranm)iledage Ivannanmgille@engeaiuauisaflusntiudulinenismn gy
a X - £ - W v 3 o
NATURINAINAAAVUL AU GNLm@wumﬂuimm@mmiLm”LmJLummﬂmﬂmam

1 o Cs dl = a d’j a a 1 LR
ﬂlﬂﬂ@ﬂ@ﬂlu‘ﬁ']\iﬁ@ﬂ@u& ANEUVLNANANATINITRALTALNAINAIAWN UL LR

6.22 HaNAdaLLAzMIIAZIENUEINANIEaInasIluel aanmsdsualasAng
= g a 1 = @ = I g a
AnTawasase g Lilald DME naidnlulaneda luidaiwas

J v 1
LAASNANIINARALLAENATIZAN 1910 Wi a9nn315UANa9ANNNTRALTALNAY 1HA
1wl dnlulanimauad DME Juansidaulpengg 40% DME [WaAn#1ansnauadnig
[ i| [
dfurresAINIsanTe @A 7 Aalingnasaindsunindaesdemas Tnanimagey
- . v % 1 RN NN o & -
wazdiasnzinisn lndl dtaglginangnidaoniliuusmanlasuaiesain192amamwag
aaantinAsing 817 i ADV f Az ADv4 | uauifieuiunaainnisldimangniden
o 4 — e > o o

MWL STD Tenanianeaguilandludouiife poanduaemasiniadizesingn Ax

1% v Y o I "os I o [l v a o 1 dy a dl

suluesnnlud dnsnisildgtiacasdan nistlaasnianTaugns AndaunaalTainaewLE

dead hd
el

Iuduazdasardinisqmssiin —

L, =

6.22.1 ANMNAULTANRINNINAINIRA

ANHARAENAALRYAANAN AN T Tuinden 6.2.1.1 1Hald
DME-PME \flwi@ain@s inangnidaaninsgu (STD) wudniuualiinuesqniEusunimn
d’lj a d‘ 1 ¥ 1 1 = dal, a dl a o Y a ¥ 9/&1‘
dainaanatanaarresaIng e darndvaanagne Nudsnd udn lieenuuuldn (STD,
20CA BTDC) LHgynaniananiifiuielsznisresidainas DME-PME fuansngeanlilain
PN TURMIA @A AT1-A214E981 2150 1N 178 AFIA b ~AARN AN HA, A IR U UL, AdnNsule

i’ a 3] % =S ° {1 dl 2 o 1 = é’ =) ¥ £ dl v

109 ALNAY WL a9 uisedtfir1eadnsandandaliadautiteanty ialds
WU TEN209N 19 TNAUNNIRAITOINAINAUTININTR TInan1INadauaz )Nl
WRaunauiunsldmaignidesfAnedan1sanme waamImsgIu (STD)

31/%1 6-60 DagLNl 6-63uaRIAINAWTDINAINILE TR AN19ENTY

U949 wAILN 6-64 uAAIANABTRINAIINGETIRRANAN1EN192494n LHa ldnan

1 1
g

gnillafiA1eeAnsinee 2090131 DME-PME ludndau 40% DME luimeings



217

Fuel Line Pressure Test Condition :
Injection timing : STD, ADV2, ADV4 N= 1000 rpm T =10 Nm.

750

650

550 ~

450 H

bar

350 ~

250 A

150

50 - = T T + g o+
-25 -23 -21 -19 -17 - J 9 11 13 15 17 19
60%PME+40% DME, STD.
——-- 60%PME+40%DME, ADV2
s 60%PME+40%DME, ADV4

Fuel Line P _ Test Condition :
Injectie ing: STD , ADV4 N=1000 rpm T =15 Nm.

650 -

550 -

450 ~

bar

350 ~

250 A

150 -

50 - -
25 -23 -21 -19 -17 -15 -1
o ‘P

9 11 13 15 17 19

60%PME+40% DME, STD.
60%PME+40%DME, ADV2
60%PME+40%DME, ADV4

st Condition :

750 Inje.wnti 0 .i'l;; rpm T = 20 Nm.
N L
"AUBINENINEING

: o

AR RN I

150 -

50

25 -23 -21 -19 -17 -15 -13 -11 9 -7 5 -3 -1 1 3 5 7 9 11 13 15 17 19
+409 .

Crank Angle (deg) 60%PME+40% DME, STD

——— 60%PME+40%DME, ADV2
~——a— 60%PME+40%DME, ADV4

dl v o ! o dsl’ a dl Y o A o o dl
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a

A3zunednu e lAN1INAZELNANEIIALLATENEUE 1000 rpm WFeLiiay

syndnanisldinangnidenfiA1edasing
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Fuel Line Pressure Test Condition :
Injection timing : STD, ADV2, ADV4 N= 1400 rpm T = 10 Nm.
750
650 A
550 -
450
8
350 -
250 ~
o
150 \
4 \
50 SN, . A
25 -23 -21 -19 -17 - 7 9 11 13 15 17 19
60%PME+40% DME, STD.
60%PME+40%DME, ADV2
s 60%PME+40%DME, ADV4
Fuel Line P
Injectie L
750 -
650 -
550 -
450
8
Ke)
350 -
250 -
150
50 e ————
25 -23 -21 -19 -17 -15 -13' - O 5 lds 1 9 11 13 15 17 19
- ‘ Al — 60%PME+40% DME, STD.
- 60%PME+40%DME, ADV2
+ 60%PME+40%DME, ADV4
el'Li Condition :
Injentim g A!'ﬂ rpom T =20 Nm.
750 -
650 - "iﬂ s
450 - ﬂ
9]
g ¢ o/
r
0 ' /
q 150 A
50 ————— A\ TN e )
25 -23 -21 -19 -17 -15 -13 11 9 -7 -5 3 -1 1 3 5 7 9 11 13 15 17 19
Crank Angle (deg) 60%PME+40% DME, STD.
—— 60%PME+40%DME, ADV2
s 60%PME+40%DME, ADV4
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a

A3zunednu e lAN1INAZELNANEITALLATENLUE 1400 rpm WFeLiiay
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Fuel Line Pressure Test Condition :
Injection timing : STD, ADV2, ADV4 N=1700 rpm T =10 Nm.
750
650 -
550 -
450 -
o
8
350 -
250 -
150 -
50 —f
25 23 -21 -19 -17 -15 9 11 13 15 17 19
—— 60%PME+40% DME, STD.
60%PME+40%DME, ADV2
s 60%PME+40%DME, ADV4
Fuel Line P
Injectie L
750 -
650 -
550 -
450 -
o
I}
Qa
350 -
250 -
150 -
50 —— —_— /.7'(\'\_
25 -23 21 -19 -17 -15 -13 3 5 7 9 11 13 15 17 19
N — 60%PME+40% DME, STD.
60%PME+40%DME, ADV2
|_= =4 60%PME+40%DME, ADV4
= =
st Condition :
=1 rjj' rpm T =20 Nm.
750 -
650
550 -
450 -
I
l"ln
m
150 -
50
25 23 -21 -19 -17 -15 -13 -11 9 -7 -5 -3 -1 1 3 5 7 9 11 13 15 17 19
Crank Angle (deg) 60%PME+40% DME, STD.
60%PME+40%DME, ADV2
s 60%PME+40%DME, ADV4
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750

bar

50

650 -
550 +
450 +
350 ~
250 H

150 A

-25 -23 -21 -19 -17 -

Fuel Line Pressure Test Condition :
Injection timing : STD, ADV2, ADV4 N=2100 rpm T = 10 Nm.

5 7 9 11 13 15 17 19

——— 60%PME+40% DME, STD.
= 60%PME+40%DME, ADV2
s 60%PME+40%DME, ADV4

bar

50

750

550

@

50

750 -
650 -
550 -
450 +
350 ~
250 H

150 A

-25 -23 -21 -19 -17 -15 -13

650 -

450 -

17
0

150 A

Fue ess| ' Sy ondition :
Injectig FSTn DV4 (= 2100 rpm T = 15 Nm.

9 11 13 15 17 19

— 60%PME+40% DME, STD.
60%PME+40%DME, ADV2
60%PME+40%DME, ADV4

el"Li Condition :
Injentim . =2 Tﬂ rpom T =20 Nm.
!

queineningns

4

25 -23 -21 -19 -17 -15 -13 -11 9 -7 -5 -3 -1 1 3 &5 7 9 11 13 15 17 19

60%PME+40% DME, STD.
60%PME+40%DME, ADV2
s 60%PME+40%DME, ADV4

Crank Angle (deg)
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Fuel Line Pressure
Injection timing : STD, ADV2, ADV4

Test Condition :
N= 1000 rpm T = Full Load

650 o

550 1

450 A

350 1

250 1

150

50 T

gle (deg)

-26 -23 -21 -19 -17 -15 -13 -11 -9 -7 -5 -3 -1 1 3

5 7 9 11 13 15 17

60%PME+40% DME, STD.
60%PME+40%DME, ADV2
- 60%PME+40%DME, ADV4

rF

750 ’j
650 -
550 1
450
350 -
250 -

150 -

-25 -23

Fuel Line Pres
Injectio imir

750

st Condition :
1400 rom T = Full Load

9 11 13 15 17 19
60%PME+40% DME, STD.

60%PME+40%DME, ADV2
o 60%PME+40%DME, ADV4

ondition :
OO0 rpm T = Full Load

650 -

550 -

450 +

350 -

250 -

150 -

50

g F_ Crank Afigle (deg)

-25 -23 -21 -19 -17 -15 -13 -11 -9 -7 -5 -3 -1 1 3 5 7 9 11 13 15 17 19

60%PME+40% DME, STD.
60%PME+40%DME, ADV2
r‘ ME+40%DME, ADV4

Hatha i e e

ﬂ Injection timing : STD, ADV2, ADV4 N=

1 | i |
t C nl!it Dnd

2100 rpm T = Full Load

ahaaa,

1R9NIUURINYIAY |

Crank Angle (deg)

-25 -23 -21 -19 -17 -15 -13 -11 -9 -7 -5 -3 -1 1 3 5 7 9 11 13

15 17 19
60%PME+40% DME, STD.

60%PME+40%DME, ADV2
- 60%PME+40%DME, ADV4
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Speed | Torque + SOI(CA) EQI (CA)
Fugl -

Rom | Nm STD, | ADV2 JADVA| 'STD | ADV2 | ADV4
10 15,201 “172n| 184 |1 3.6 1.6 4.0

1000 | 15 62| 172 {“184| 48 | 32 | 68
20 T4 | 472 [emb s0 | 64 | 84
10 L7 50 | 168 |d80| 7.2 | 36 | 68

1400 | 15 % 152 | 68 | 176 |76 | 48 | 100
20 & e 136 | 1647|176 | 80 | 60 | 100
10 % A44-T475 [ ge| 152 9 40 | 96

1700.. |, .15 S | 136|172 f- 2, 564] 200, | e2
20 L2496 |Li7e! 1o | Ph0le’ | s
10 132 | 152 |-164| 68 | 52 | 64

2100 | 15 140 | 152 |-164| 60 | 52 | 76
20 140 | 160 |-164| 104 | 56 | 76
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Speed | Torgue SOl EQI
Fuel '| Cam Shaft Setting

rpm Nm (CA) (CA)
2920 ;J" STD -14.0 11.6

1000 | 28143 ; Y -16.8 12.0
27 6 I “h4 ADV4 17.6 11.2

3139 | SO 136 | 144

1400 29.847_'_ %J f—___.jA_pvz -16.4 11.6
1 29.05 : :S:  ADV4 | -18.0 13.6
“232.06 % STD “ -15.6 14.0

1700 |*31.94 § ADV2 -16.8 10.4
82.19 ADY4 7.6 11.2

31.64 STD -15.2 15.2

2100/, 31554 ADY?2 1164 12.8
31.45 ADV4 -16.8 12.8
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Fuel Injection Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N= 1000 rpm T =10 kg
2
——60% PME+40% DME, STD. 60% PME+40%DME, ADV2 +— 60% PME+40%DME, ADV4
154
=)
(5]
3
[}
£,
)
2
E
05
e
o !

., TESt Condition :
1000 rpm T =15 kg

Fuel Injectig

Injecti@ 0
. F A7 A\
——60% PM Mj ﬂn E,A +— 60% PME+40%DME, ADV4
15 A

>
[}
ks
jo2}
8 |
g i
E &
T ool 0 e J u“\\ y s J

o Aabiis /8 J L L

i ‘ e
-25 -23 -21 -"FT!; 5" 9 11 13 15 17 19 21
1 1
& o
est Condition :
Injection ti N= 1000 rpm T =20 kg
2 — —
‘—60%PME+}0%DME,STD. 60% PME+40%DME, ADV2 +— 60% PME+40%DME, ADV4
L - o/
8 4
[
g ¢ o o/
E 05 | e,
H ea,,ad Ba aata . e, l\‘

0 T T T T T T T
-25 -23 -21 -19 -17 -15 -13 .11 9 -7 5 -3 -1 1 3 5 7 9 11 13 15 17 19 21

Crank Angle (deg)

3107 6-65 AYNINANRUSIENINNBAINNIRATAINAINTLINITENININNNU NANIITNTTL WA

AeldinnImedeLimiNsi3asaLLATeEUs 1000 rpm WieLiReusendnennsld

WANgNLLERTIANDIA ]
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Fuel Injection Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N= 1400 rpm T =10 kg
2
——60% PME+40% DME, STD. 60% PME+40%DME, ADV2 = 60% PME+40%DME, ADV4
154
=)
(3]
k]
£
£ 4]
<
S}
2
E
° g5 | [~
' | f
0 e N : : —L
25 23 21 -19 -17 3 9 7 5 3 =5 7 9 11 13 15 17 19 21
Fuel Injectio est Condition :
Injectie = 1400 rpm T =15 kg
2 - i
i o 50% PHE-40%DNIE, ADVA
154
=)
(5]
3
£
< '
o
<t
E ﬂ [
© o5 A
s Dt
o gt
0 ‘ \ J.
25 23 -2 779 11 13 15 17 19 21
- _{ {
. est Condition :
Inj on ti 00 rpm T = 20 kg
2 it
‘ — 60% PME+40% DME, STD. 60% PME+40%DME ADV2 & 60% PME+40%DME, ADV4
S il“ﬂ?ilﬂ'lﬁ“ﬂ |ﬂi
[}
ks
j=))
E
0 ﬁ
25 23 -21 -19 -17 -15 -13 -11 -9 9 11 13 15 17 19 21
Crank Angle (deg)
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Fuel Injection Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N=1700 rpm T =10 kg
2
—— 60% PME+40% DME, STD. 60% PME+40%DME, ADV2 s 60% PME+40%DME, ADV4
15 -
>
(5]
3
j=2
S
< '
(8}
3
E
el
05
0 M\ﬁ

-25 -23 -21 -19 -17 - 11 13 15 17 19 21

est Condition :

Fuel Injectio
= 1700 rpm T =15 kg

Injecti@ § . STD
2 - i
——60% PM M 1 60% PME+40%DME, ADV4
15
~
o
(9]
ke
j=))
E
14
<
o
2
=
S
k]
05 A
0 - |
25 23 2 11 13 15 17 19 21
el est Condition :
j on tir Nﬁoo rpm T =20 kg
2 Tt
‘ —60% PME+40% DME, STD. 60% PME+40%DME ADV2 s 60% PME+40%DME, ADV4
jo2
[}
3
jo))
S

“"Eﬁ’mﬂﬂ‘im UAIINYAY

L =11l

0
-25 -23 -21 -19 -17 -15 -13 -11 -9 9 11 13 15 17 19 21

Crank Angle (deg)
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dmfl/dCA (mg/deg)

Fuel Injection Rate

Injection timing : STD, ADV2, ADV 4

Test Condition :
N=2100 rpm T =10 kg

—60% PME+40% DME, STD.

----60% PME+40%DME, ADV2

s 60% PME+40%DME, ADV4

15 1

0.5 A

-25 -23 -21 -19 -17

dmfl/dCA (mg/deg)
=

Fuel injectio
Injectio

2 -
— ol o o

151

0.5 4

9 11 13 15 17 19 21

est Condition :

2, = 2100 rpm T = 15 kg
Tt‘&i\

60% PME+40%DME, ADV4

“?"“Ffmﬂﬁ%

0 - -
25 23 21 9 11 13 15 17 19 21
ondition :
on ti N [ﬁ 00 rpm T =20 kg
2 —
‘ —60% PME+ 0% DME, STD. 60% PME+40%DME ADV2 s 60% PME+40%DME, ADV4
(]
ES
o
E

-25 -23 -21 -19 -17 -15 -13 -11 -9

Crank Angle (deg)

9 11 13 15 17 19 21
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Fuel Injection Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N= 1000 rpm T = Full Load
2
60% PME+40% DME, STD. - - - - 60% PME+40%DME, ADV2 2 60% PME+40%DME, ADV4
1.5 -
g
% 1 N
|
|
|
! A%an
0.5 - i
]
|
o
! ]
o - |

-256 -23 -21 -19 -17 -15 3 5 7 9 11 13

17

19 21

Test Condition :

Fuel Injection

N= 1400 rpm T = Full Load

60% PME+40%DME, ADV4

1.5 1

dmf/dCA (my/deg)

0.5 1

sasa, o

Eoag — W %

Fuel Injection Ra . il Te t Condition :

Injectio mi AD ADV 4 1700 rom T = Full Load

2
o 60% PME+40%DME, ADV4
1.5 4
g
% "
0.5 1 l
o T T T T T T T T T T s bdr \ '
-25 -23 -21 &13 11 -9 -7 5 5 7 9 11 13 15 17 19 21

; B uRNN
R Iem R ALSA A AATE R s

Injection timing : STD, ADV2, ADV 4 N= 2100 rpm T = Full Load

=

60% PME+40% DME, STD. ——-60% PME+40%DI&DV2 2 60% PME“&:DME. ADV4 ‘

/

5
3--
ad
v

TN AINETA Y

®»
———— b
| S
4
b

3

o T T T T T T T T T T T T

Crank Angle (deg)

-256 -23 -21 -19 -17 -15 -13 -11 9 -7 -5 -3 -1 1 3 5 7 9 11 13 15 17 19

21
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A1ngU7 6-65 D437 6-69 UAAITAIINIIRALTALNRINLIN qAETNEUN9AA
d” a | v o ¥ dy dl QI ! N d” a 1 ¥
domaniullmuuuatiunisdiuldmangnides e finA1e9AINIsan TR a9
nanapa Waldinaignidentfuusaieilaausnesainisaniiomasansuin ADV4 Azl

QI L% a dsj a a dz{ 1 dl 3 df = al %

qnEusunsanmeauintunen naiinsldinaignidacuinagiu STD azliqaiEusiunig
= dgl’ a 1Y dl oA 1a
TBNAIA TN gAuATN UGN AgeqR lHiAY 1.2 mg/CA

UFuninisanieinassednansnaniaznisrunedon e ldinaigniden
N9 (STD) wazinangnidadFULAS i 2Ll ne AN IRALTINAA I UTIN ARG

(ADV2 waz ADV4) louanaldlumsiai 6-40
- |

dl a zgl/ a oo o Qi ] = 4
R38N0 6-40 ﬂ?ﬂJ'\fuﬂ’]ﬁ"ﬂﬁmﬂLW@\?mﬂ')Q@ﬂﬁ‘ NANIITANTEL WAL Lﬂ?‘EIULVIEIUEZVQWQﬂW?

I inangnidten et adanmn g
]
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1000 10 b b 7_'-:-1.-i14.28 14.80 14.68
1000 | 15 Jf a3 18.92 17.86
1000 20 . 24,04 23.39 23.72
1400 {6240 4569 )i5.10 14.78
1400 | 715 = 19.17 199 18.50
1400 | 20 g 2406 | 2415 21.91
1700 10 % 16.87 1642 15.25
1700 15 § 20.48 20.27 20.13
1700 9 “20 05114 05,39 24.16
2100 10 18.41 17.53 17.05
2100 15 21.98 21.70 21.55
2100 | 20 26.08 26.66 25.69
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Speed | Torque /N ﬂ?uﬂmmiamémwaaﬁiﬂ@ﬁm
Fuel +Cam ShaftSetting
rom Nm — (mg/cycle)
29.22 il s 31.19
1000 | 28.43 ADV2 ' 32.80
27.26 ADV4 J 29.92
31.35 STD 33.56
1400 29.84 %J ADV2 33.29
29.05 ZOO ADV4 31.60
32.06 % STD 36:28
1700 31.94 °§ ADV2 37.08
32.19 ADV4 36.56
31.64 STD 38.76
2100 31.54 ADV2 40.02
31.45 ADV4 37.20
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In-Cylinder Pressure Test Condition :
% Injection timing : STD, ADV2, ADV4 N= 1000 rpm T =10 Nm.
60%PME+40% DME, STD.
80 - - - - 60%PME+40%DME, ADV2

s 60%PME+40%DME, ADV4

-20 -17 -14 -11 19 22 25 28 31 34 37 40

bar

In-Cylinde / . Test Condition :
00 - Injecti ing : DV2, rom T =15 Nm.
60%PME+40% DME, STD.
80 -4 - - 60%PME+40%DME, ADV2
o :}1 o - 60%PME+40%DME, ADV4
60 1 2%, —

50 ! ,ﬂ{_

40

30 &‘gﬁ ‘

20 — x
r T
F i ]
10 . —
o LAY
20 -17 -14%k11 22025 28 31 34 37 40
| 1
In-Cyli ition :
Inje nti =1 rom T =20 Nm.
90 -
Ev 60%PME+40% DME, STD.
80 - - - - 60%PME+40%DME, ADV2

P e GOO/EiME+4O%DME' ADV4

20 -17 -14 -11 -8 5 2 1 4 7 10 13 16 19 22 25 28 31 34 37 40
Crank Angle (deg)

232

2109 6-70 ANANTUSTTUIN9ANFUNTE TR [T UN132 199 NANINENTE

a

vnedau nalinnmeageunaAnNSaTaLLATasaus 1000 rpm iEaLELTEUINg

[ d” all g ]
ﬂ’]i‘l“ﬁLW@q@]ﬂL'LIEI’J‘VIﬂ’]’ﬂ\'iﬂ’Wﬂ\?‘”I



In-Cylinder Pressure Test Condition :
0 Injection timing : STD, ADV2, ADV4 N= 1400 rpm T = 10 Nm.
60%PME+40% DME, STD.
80 - - - - - 60%PME+40%DME, ADV2

e 60%PME+40%DME, ADV4

19 22 25 28 31 34 37 40

Angle (deg)

-20 -17 -

In-Cylinder. Pressire " Test Condition :
Injec' ”' rme=15Nm.

90 - : = ! ~

\ 60%PME+40% DME, STD.

80 1 “’«‘-. - - 60%PME+40%DME, ADV2
~ 60%PME+40%DME, ADV4

70 A

60 A

50 A

bar

40 A
30 |
20

10

In“Cylinc st Condition :
Injection timing = 1400 rpm T =20 Nm.

60%PME+40% DME, STD.
- - - - 60%PME+40%DME, ADV2

E+40%DME, ADV4

20 -17 -14 -11 -8 -5 2 1 4 7 10 13 16 19 22 25 28 31 34 37 40
Crank Angle (deg)

233

dl o o 6 1 o 4 Y o o dl
91 6-71 ﬂ’JWN@NWHﬁﬁ‘zﬂ’J’W\?ﬂ')’]ﬂ\lﬂuﬂ’]ﬁlsl,uﬂﬂ\‘iLN'ﬂMNﬂUﬂ’]’i‘Zﬂqﬁ‘Vﬂﬂqu NANNICNNTE

a

119401 A8 linNmageauiANNiasaLLATeseus 1400 rpm WIsLeLEnang

nsldinangnitlenfiAnedansinge



90

80 A

-20 -17 -14 -11

In-Cylinder Pressure
Injection timing : STD, ADV2, ADV4

Test Condition :
N= 1700 rom T =10 Nm.

60%PME+40% DME, STD.
- - - - 60%PME+40%DME, ADV2

e 60%PME+40%DME, ADV4

19 22 25 28 31 34 37 40

In-Cylinde t Condition :
% Injecti g : D rom T =15 Nm.
60%PME+40% DME, STD.
80 - - - - 60%PME+40%DME, ADV2
7 by {I ~ 60%PME+40%DME, ADV4
60 + @ -
L] -
P -
50 1 My
P L
g mf‘i.
40 - 7&4%‘ =
Tt -
30 2 3
- RN
1 M rz! oes
20 - — A
r T
s el
10 A " —
Tty 1 d
i Yy

2 25 28 31 34 37 40

MInUNING

In- “ondition :

0 Inj on ti N=1 rpm T =20 Nm.

- 60%PME+40% DME, STD.
80 ‘ - - - - 60%PME+40%DME, ADV2

L= g e 60%PME+40%DME, ADV4
70
60 i l u EJ ’J C 3
U X
R
50
5 ¢

-20 -17 -14 -11 -8 5 -2 1 4 7 10

16 19 22 25 28 31 34 37 40
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Crank Angle (deg)
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In-Cylinder Pressure
Injection timing : STD, ADV2, ADV4

Test Condition :
N= 2100 rom T =10 Nm.

-20 -17 -

bar

In-CyIin '
90 - InjecgiFtm g8" S1h

80 A
70 A
60 A
50 A

40 -

Injection tim

60%PME+40% DME, STD.
- - 60%PME+40%DME, ADV2
~——+—60%PME+40%DME, ADV4

25 28 31 34 37 40

est Condition :

2100 rpm T =15 Nm.
60%PME+40% DME, STD.
- - 60%PME+40%DME, ADV2
+ — 60%PME+40%DME, ADV4

28 31 34 37 40

st Condition :
00 rpm T =20 Nm.

60%PME+40% DME, STD.
- - 60%PME+40%DME, ADV2
e 60%PME+40%DME, ADV4

ﬂ'§

Crank Angle (deg)

-20 -17 -14 -11 -8 5 -2 1 4 7 10 13 16 19 22 25 28 31 34 37 40
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In-Cylinder Pressure Test Condition :
Injection timing : STD, ADV2, ADV4 N= 1000 rpom T = Full Load
90
60%PME+40% DME, STD.
80 - - - - 60%PME+40%DME, ADV2

- 60%PME+40%DME, ADV4

-20 -17 -14 -11 -8 -5

16 19 22 25 28 31 34 37 40

r
In-Cylinder Pre st Condition :
S / I= 1400 rom T = Full Load
90 -

60%PME+40% DME, STD.
80 - - - - 60%PME+40%DME, ADV2

20 4 - 60%PME+40%DME, ADV4

60 +

50 4

40 o

30 -

20 1

10 §

ondition :

In-Cylind

Injectio OO0 rpm T = Full Load
0 60%PME+40% DME, STD.
80 1 - - - - 60%PME+40%DME, ADV2
20 4 + 60%PME+40%DME, ADV4

'l
20 -17 -14 -11 {s& 2 1 a 7 ﬁ}‘ 13 16 19 =22 25 28 31 34 37 40

bar =

y
F‘!!E "!YE"?’“‘““ IS
Inyh er des u eL| ﬂ st C jitlond
m Injection timing : STD, ADV2, ADV4 N= 2100 rpm T = Full Load
o0 - " 60%PME+ DME, STD.
80 s - - - - 60%PME+: DME, ADV2
TANN Bl
] : 0
50 P2
e
40 | {,»4";’;*
%0 L
20 -
10
o - - - - - - - - - - - - - - - - - - -

-20 -17 -14 -11 -8 -5 -2 1 4 7 10 13 16 19 22 25 28 31 34 37 40

Crank Angle (deg)
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NITLANGUNINTY
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wagnilenANagAasA"]

Speed | Toigue E TI AHAUGIqA TR 1l (bar)
om | Nem S ST | ADV2 | ADv4
. 1000 10 67.75 1| | 63.01 67.82
1000 15 66.87 | 69.33 | 70.16
1000 20 6541 | 70.81 71.35
1400 10 68.02 || 6862 | 69.63
1400 15 %J 67.00 | 68.80.5| 70.52
1400 20 § 6579 (| 68.01 72.22
1700 10 % 69.65 | 66.33 | 68.97
1700 15 % 6738 | 6639 | 71.18
1700 20 6730 | 6828 | 7241
2100 10 6785 | 67.64 | 69.22
2100 15 68.46 | 6826 | 69.12
2100 20 6558 | 7012 | 69.83




238

AINANIWN 6-42 Taen wgan wusnsliuldinangnidenivelinesainis
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wingeauldiniaousuludasenlududsundasuuuivun liundniay udandunnng
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Speed | Togdue ANALgIgaluian g
Fuel~ |Cam Shaft Setting

rpm N ), 4 (bar)
Lo Wi 450 67.85

1000 | 28.43 j{’-__—:A_sz 68.47
27.26 %KDVAL 68.33
318 | ©STD 68.46

1400 29,84 %J ADV2 70.13
29.05 é ADV4 - 70.60
32,06 % STD 65.58

1700 "|" 31.94 § ADV2 69.91
3249 ADV4 71.62
31.64 STD 68.75

2100 | 31.54 ADV2 67.47
31.45 ADV4 70.56

ANANINA 6-43 Taanangan wudnsdiuldinangnidaaivelinessinig
= dal a 1 ¢4 g o/ V% val g dl | % dl
ATRINAIAINUEN ADV4 aziAIAuAugegatuiaann lndiAngangn  uwdanidun

ANNNL3ITAL 1700 rpm
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90

Pressure (bar)

P-V Diagram
Injection timing : STD, ADV2, ADV4

Test Condition :
N= 1000 rpm bmep 201.12 kpa

80

70

60

50 4

40 -

30

20 1

10 A

Pressure (bar)

90

90 -

80 1

70

60 4

50

40 -

30

20 1

10 A

P-V Diagra

P-V Diagram_40%DME_STD
———— P-V Diagram_40%DME_ADV2

P-V Diagram_40%DME_ADV4

0.0007

onltlon

P-V Diagram_40%DME_STD

Injection _ti ? ) ‘, \1\\\‘\ 00 rpm bmep 301.68 kpa

P-V'Diag
Injectl timing

-4 Diagram_40%DME_ADV2
~ P~V Diagram_40%DME_ADV4

0.0007

80 1

70

60 4

wyINngNg

NFUNRINGAY

oo@w bmep 402.24 kpa
~ P-V Diagram_40%DME_STD

——— P-V Diagram_40%DME_ADV2

o

0.0001 0.0002 0.0003
Volume (m3)

0.0004 0.0005 0.0006

ﬁ gr?o%DME_ADw

0.0007
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P-V Diagram Test Condition :
Injection timing : STD, ADV2, ADV4 N= 1400 rpm bmep 201.12 kpa
90
P-V Diagram_40%DME_STD
80 1 R P-V Diagram_40%DME_ADV2
70 1 P-V Diagram_40%DME_ADV4
60 -
®
& 50
e
3 40 -
¢
T 30
20 A
10 -
o
o 0.0007
P-V Diagram
Injection _ti
90 -
P-V Diagram_40%DME_STD
80 - Diagram_40%DME_ADV2
P-V Diagram_40%DME_ADV4
70 -
60 -
T
& 50
<
? 40
8
2 30
20 -
10 -
0
o 0.0007
P- GHTON :
Injectl timing 400 bmep 402.24 kpa
90 -
80 1 f A u ——- P-V Diagram_40%DME_ADV2
N u ﬂ q w ﬂ ﬂ 5 wrﬁ()%DME_ADV‘t
[
¥ ¢
: o o
9]
20 -
10 -
0 —
o 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007
Volume (m3)

317 6-76 A NANRUSIzUIANAUN e TuTRwn IndAulTuRsnszuangL Naniny
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90

Pressure (bar)

P-V Diagram
Injection timing : STD, ADV2, ADV4

Test Condition :

N=

1700 rpm bmep 201.12 kpa

80 -

70 4

60 4

50 4

40 -

30

20 1

10 A

Pressure (bar)

90

re (bar)

30

90 +

80 4

70

60 4

50 4

40 -

30 1

20 1

10 A

P-V Diagram

Injection_ti o D! ADV? A.\. 7\
27/

P-V'D 3
Injecti timing

P-V Diagram_40%DME_STD
—— P-V Diagram_40%DME_ADV2

P-V Diagram_40%DME_ADV4

0.0007

t Condition :
=

700 rpm bmep 301.68 kpa

P-V Diagram_40%DME_STD
o= Diagram_40%DME_ADV2
-~ P-V Diagram_40%DME_ADV4

0.0007

bmep 402.24 kpa

00 rpt

1y

80 -

70 4

60 4

50

20 1

10 A

ugingns
NNTUNRIINGEY

P-V Diagram_40%DME_STD
- P-V Diagram_40%DME_ADV2

.\IalgrQJ 0%DME_ADV4

o

0.0001 0.0002 0.0003
Volume (m3)

——

0.0004

0.0005 0.0006

0.0007
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P-V Diagram Test Condition :
Injection timing : STD, ADV2, ADV4 N= 2100 rpm bmep 201.12 kpa
920
P-V Diagram_40%DME_STD
80 —me P-V Diagram_40%DME_ADV2
= P-V Diagram_40%DME_ADV4
60
£
g 50 ]
g
2 a0
]
x
30
20
10
0
0 0.0007
P-V Diagram on|t|on
Injection ti \\ 00 rpm bmep 301.68 kpa
% NN \
VDlagram 40%DME_STD
80 ) Diagram_40%DME_ADV2
| P-V Diagram_40%DME_ADV4
70 \
60
5
& 50 4
<
? 40
4
& 3]
20
10 |
o ‘7
0 0.0006 0.0007
: oom bmep 402.24 kpa
920
80 —— P-V Diagram_40%DME_ADV2
1r| 1 ’] ﬂ gr?O%DMEADVt‘I
60
8w
: A /
20
10 |
0 : : - — : .
0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007
Volume (m3)
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Pressure (bar)

P-V Diagram
Injection timing : STD, ADV2, ADV4

Test Condition :
N= 1000 rpm T = Full Load

20
P-V Diagram_40%DME_STD
80 - - P-V Diagram_40%DME_ADV2
P-V Diagram_40%DME_ADV4
70 o
60 -
50 -
40 -
30 o
20 o
10 o
o —
o 0.0005 0.0006 0.0007

Pressure (bar)

90

80 1

70 A

60 1

30 1

20 1

10 o

Pressure (bar)

Injectio

90

80 1

70 1

60 1

50 1

40 +

20 A

10

st Condition :
1400 rpm T = Full Load

P-V Diagram_40%DME_STD
-—-- P-V Diagram_40%DME_ADV2

P-V Diagram_40%DME_ADV4

0.0006 0.0007|

ondition :
DO rpm T = Full Load

P-V Diagram_40%DME_STD
——e- P-V Diagram_40%DME_ADV2
P-V Diagram_40%DME_ADV4

0.0003 b 0.0004 0.0005 0.0006 0.0007

)
h
N

t Conditign :
N= 2100 rpm T = Full Load

N

P-V Diag ram_4cw E_STD

. 1, D V2
— iagram V4

0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007

Volume (m3)
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Speed BMEP Indicated Work (J)
Fuel
rpom kPa STD ADV2 | ADV4
201.20 214 194 223
-
1000 | 304+68 276 255 290
409 24 ‘ 345 327 358
\
90420 34 233 209 250
1400F | 80468 E, 291 268 314
402.24 ) 362 340 388
201.20, f e | 264 232 254
.
1700 | 1301168 R a9 289 324
O—F —
40224' /f--i385 359 394
= 20420 or i —— VL 272
2100 | 301.68 342 |7 307 340
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Heat Release Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N=1000 rpm T =10 Nm
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Heat Release Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N=1400 rpm T =10 Nm
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Heat Release Rate

Injection timing : STD, ADV2, ADV 4

Test Condition :
N=1700 rpm T =10 Nm
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Heat Release Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N=2100 rpm T =10 Nm
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Heat Release Rate Test Condition :
Injection timing : STD, ADV2, ADV 4 N= 1000 rpm T = Full Load
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2 9.2

Ignition Delay

Injection timing : STD, ADV2, ADV4

Fuel : 60% PME + 40% DME

Test Condition : N= 1000 rpm

ADV4, 10.8

ADV2, 8.8

ADV2, 8.8

ADV4, 10.4

ADV2, 8.4

ADV4, 10.0

15

Corrected Brake Torque (N-m)

B STD L ADV2

OADV4

Crank Angle (Deg.)

Ignition Delay:

Injection timing : STD, ADV2, ADV4

1.6

108 ——————— — - — S — A NS _
100 + — — — — — — — — " _ Wy T

Fuel : 60% PME + 40% DME

Test Condition : N= 1400 rpm

A

ADV2, 6.0

-

ADV4, 7.2

-

ADV2, 5.

ADV4, 6.8

=
S

-
15

N
o

/ Correcte&.Brai_(‘e Torque (N-m)
']

B STD [1ADV2

D ADV4 ‘

Crank Angle (Deg)

Ignition Delay:

M"me +——————

108 4 —————————— -l — =

Fuel : 60% PME + 40% DME
Test Condition : N= 1700 rpm

100+ —————————— -85 _ S EL - s - A Fr g

92
8.4
7.6
6.8 — —

L

60 + —
52 1 —
4.4
36 4 —
28 + —
20

ADV4, 8.8

ADV2, 7.2

ADV4, 7.2

Corrected Brake Torque (N-m)

B STD OADV2

OADV4

Crank Afiglé (Deg)

Ignition Delay

Injection timing': STD, ADV2,/ADV4

116

Fuel : 60% PME + 40% DME

Test Condition ¥'N=2100 rpm

Mg+ ——————————————————~§#fF —~———— -~ — - —————————— AR ———

100 4
oo 44—

Y- - LY %1 1-dLtd - dF V13- F14H~F- 1 &% 1 -

76
68 - — —— — — —

60 4- — — — — — —
5.2 -
44
36  —
28 4+ —
20 A

ADV2, 6.8

ADV4, 6.8

ADV4, 6.4

15

Corrected Brake Torque (N-m)

‘ BSTD

OADV2

D ADV4 ‘
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Ignition Delay Test Condition :
Injection timing : STD, ADV2, ADV4 N=1000 rpm T = Full Load

Crank Angle (Deg.)
>
|

ADV2, 8.4

BSTD

Ignition

Crank Angle (Deg.)

Crank Angle (Deg.)
&
|

D O ADV2 O ADV4

: W 'pl
TR TN Y

Crank AngﬂDeg.)

@ STD O ADV2 O ADV4
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Net Heat Release

Injection timing : STD, ADV2, ADV4

Test Condition :
N=1000 rpm T =10 Nm

300 +

100 4

-100-2

Net Heat R

1300 -

1100

900

700

QM)

500

300 +

100 4

-100-2

InjeH on ti| s

z i Ny est Condition :
Injegtion timifg:'STD q{ﬁi\\ 000 rpm T =15 Nm

1300
—60% PME+40% DME, STD.
....... 0, 0/
1100 | 60% PME+40%DME, ADV2
o 60% PME+40%DME, ADV4
900 -
700 +
>
o
500 4

- 60% PME+40% DME, STD.
50% PME+40%DME, ADV2
h\_ 60% PME+40%DME, ADV4

™

tCondition :
N=1000 rpm T =20 Nm

1300 ™

1100

¢ — o {0 | 57, 60% PNIE+40%DME, ADV4
L UEINENINETTT=

— 60% PME+40% DME, STD.
------- 60% PME+40%DME, ADV2

-100-20 -10 0 10 20 30

40 50 60 70 80 a0 1

Crank Angle (deg)

317 6-87 A NANRUSIzMININTABAYINFRUEVEALNIENNINNNU NAN1IENNTY

265

vnadau nelinnmegeunaAnNisasaLLATadaus 1000 rpm iELELTEUINg

nsldinangnidenfiAnedansingg



266

Net Heat Release Test Condition :
Injection timing : STD, ADV2, ADV4 N=1400 rpm T =10 Nm
1300
——60% PME+40% DME, STD.
1004 60% PME+40%DME, ADV2
o 60% PME+40%DME, ADV4
900 -
700 -
o
© 500 -
300 1 o
100 -
100-2 0
Net Heat R if' J N est Condition :
Inje timings STD, A 00 rom T =15 Nm
1300 - il
— 60% PME+40% DME, STD.
1100 - -- 60% PME+40%DME, ADV2
- 60% PME+40%DME, ADV4
900 -
700 -
o
© 500 -|
300 -
100 A
-100-2 0
t Condition :
N=1400 rpm T =20 Nm
1300
——60% PME+40% DME, STD.
------- 60% PME+40%DME, ADV2
-100 -20 =10 0 10 20 30 40 50 60 70 80 a0 100
Crank Angle (deg)
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Net Heat Release Test Condition :
Injection timing : STD, ADV2, ADV4 N=1700 rpm T =10 Nm
1300
——60% PME+40% DME, STD.
1004 e 60% PME+40%DME, ADV2
o 60% PME+40%DME, ADV4
900 -
700
()
9 500 ]
300 -
100 -
-100-2 )0
Net Hea / est Condition :
j i =1700 rpm T =15 Nm
1300
——60% PME+40% DME, STD.
1100 - . A i BR NN W 60% PME+40%DME, ADV2
. ’ o 60% PME+40%DME, ADV4
900 -
700 -
©
ed : /
500 1 S e Ll “A |
300 A
100 -
-100-20 90 )[0]
F st Condition :
Injection timing : ’ N=1 rom T =20 Nm
1300 - Ll
——60% PME+40% DME, STD.
11004 .  oEw B 60% PME+40%DME, ADV2
uﬂqmﬂﬂﬁ“ﬂ‘il §+40%DME’ADV4
700 -
f'F1q Fy
300 A
100 -
_100.’0 -10 0 10 20 30 40 50 60 70 80 a0 100
Crank Angle (deg)
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Net Heat Release

Test Condition :
Injection timing : STD, ADV2, ADV4 N=2100rpm T =10 Nm

QM)

1100 -

900 -

700 ~

o

—60% PME+40% DME, STD.
60% PME+40%DME, ADV2
60% PME+40%DME, ADV4

QW)

Injec im -o S
S ST \\:&

900 -
700 ~
500 -
300 -
100 -

-100-20

Net Heat R

' est Condition :

Orpm T =15 Nm

1100 o4 4050 0 AR

—60% PME+40% DME, STD.
60% PME+40%DME, ADV2
k\ 60% PME+40%DME, ADV4

NetHea Condition :
N=2100 rpom T =20 Nm

Inj ion timing :

1300

1100 4

700 ~

300 ~

100 -

-
= it

—60% PME+40% DME, STD.
60% PME+40%DME, ADV2

1“5?ﬂﬂﬂ%ﬂ&ﬁﬂ@mmm

0 -10 0 10 20 30 40 50 60

70

80

a0

-100-2

Crank Angle (deg)
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Net Heat Release Test Condition :
Injection timing : STD, ADV2, ADV4 N=1000 rpm T = Full Load
1300
1100 -
900 +
e —
700 +
;'\
o
500 +
300 7 60% PME+40% DME, STD.
60% PME+40%DME, ADV2
100 4 60% PME+40%DME, ADV4
-100-20 00
Net Heat Rele . # st Condition :
) = 1400 rpm T = Full Load
1300 -
1100 -
900 A B
700 -
F)\
o]
500 -
300 4 —60% PME+40% DME, STD.
)% PME+40%DME, ADV2
100 60% PME+40%DME, ADV4
-100-20 O - 6 0 80 90 )0
— -f"l!‘l"ﬂ“'f' =
Net Heat Release Jn; ondition :
Injection timing SIM \D\V4 1700 rpm T = Full Load
1300
1100 -
900 -
700 -
a
n
o
500 -
300 ~ 0% PME+40% DME, STD.
0% PME+40%DME, ADV2
100 4 o 60% PME+40%DME, ADV4
-100-2 - 0 HOAO—BO—ZO—&JAU—L\O
ﬁ%% : ﬁ ? Q
I | 1 |
| & icat relaa fedi cdnbiidond
N Injection timing : STD, ADV2, ADV4 N=2100 rpm T = Full Load
1300 - —~
900 ,] a j i I ﬁ m
700 -
C)\
U
500 -
300 1 60% PME+40% DME, STD.
------- 60% PME+40%DME, ADV2
100 + > 60% PME+40%DME, ADV4
-100 -20 -10 o 10 20 30 40 50 60 70 80 a0 100
Crank Angle (deg)
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Mass fraction Burn Test Condition :
Injection timing : STD, ADV2, ADV4 N=1000rpm T =10 Nm

1
058 -
056 -
fe)
x
0.4
02 | — 60%PME+40% DME, STD.
------- 60%PME+40%DME, ADV2
o 60%PME+40%DME, ADV4
0 ; ‘ ‘ ‘ ‘
20 -10 ) 70 80 9
Mass fraction 1/ !'londition :
Injection .f W : --.. om T = 15 Nm
1 -
058 1
056 -
el
x
0.4 1
02 | — 60%PME+40% DME, STD.
------- 60%PME-+40%DME, ADV2
o B0%PME+40%DME, ADV4
0 ; ‘ ‘
-20 60 70 80 90
—
L
0 '# on :
000 rpm T =20 Nm
u
1 -
08 | St - |
06 “ s _
q 4
0.2 4 — 60%PME+40% DME, STD.
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Mass fraction Burn Test Condition :
Injection timing : STD, ADV2, ADV4 N=1400rpm T =10 Nm
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Mass fraction Burn

Test Condition :

Injection timing : STD, ADV2, ADV4 N=1700rpm T =10 Nm
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Mass fraction Burn
Injection timing : STD, ADV2, ADV4

Test Condition :
N=2100rpm T =10 Nm
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Mass fraction Burn Test Condition :
Injection timing : STD, ADV2, ADV4 N= 1000 rpm T = Full Load
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294
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grunyi lodsannisldindunaiumainas An 475.4-545.4 °C Tagl
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Use@NEN1INNITU AL UNANUTRLNAIAINNNT 1 PARIQNLLIEIANDNAN

'
| o

NNIRATAINAIALNTIN ADV2 Aa 28.07-31.91% 1AtAIA14A 28.07%
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N1MTFIU 1SO 3046 N NLFMRINUAISNARDULATDIYURA [50]

International Combustion Engines - Performance
Part 1 - Engines for land, rail-traction and marine use - Standard reference conditions

and declamations of power, fuel consumption and lubricating oil consumption

n.1  Scope

This report of ISO 3046 specifies the standard reference conditions and the
methods of declaring of power, fuel consumption and lubricating oil consumption for
reciprocating internal combustion-engines using-liguid-or gaseous for particular engine

applications.

n.2 Field of application

This part of ISO 3046/Cavers recipﬁolcating internal combustion engines for land,
rail-traction and marine use, excluding éngai-nes to propel agricultural tractors, road
vehicles and aircraft.

This part of ISO 3046 may be é'bp_li_ed to engines used to proper road
construction and earth-moving machines, ir;dﬁ.ls;-.trial trucks and for other applications

where no suitable Interational Standard for thé_s_é_éngines exist.

n.3 References

ISO1000, Sl units and recommendation for the use of their multiples and of
certain other units.

ISO 1204, Reciprocating internal combustion engines - Designation of the
direction,ofyiotation:

ISO" 1205, "Reciprocating” internal ‘combustion ‘engines = 'Designation of the
direction of cylinders.

ISO 1585, Road vehicles - Engine test code - Net power.

ISO 2534, Road vehicles - Engine test code - Gross power.

ISO 2710, Reciprocating internal combustion engines - General definitions.

ISO 3046/2, Reciprocating internal combustion engines - Performance - Part 2 :

Engine tests.
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ISO 3046/4, Reciprocating internal combustion engines - Performance - Part 4 :
Speed governing.
ISO 3046/6, Reciprocating internal combustion engines - Performance - Part 6 :

Over speed protection

n.4 Units and terms

n.4.1 The units used are th he International System of Units (SI Unit)

described in ISO 1000.
n.4.2 The general ine.t 2 ined in ISO 2710.

n.5 Standard reference

o

Relative humidity

":.l LEHI-"

i

Chargeair coo

T.. =300 K (27 °C)
“a

o e FUHIRHNTNY MRS
1. Rela);qq ' Iﬁ@moj;mrﬁ ma&grwmaeﬂ 2,133 kPa (16

mmHgq) at a temperature

2. The air density at the standard reference conditions is equivalent to that at 98 kPa
(376 mmHg) and 20 °C and to that at 101 kPa (760 mmHg) and 30 °C

3. For automotive type inboard and outboard marine propulsion engines, the standard

reference conditions in ISO 1585 and ISO 2534 may be applied but they shall be stated.
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Nn.6 Auxiliaries

Nn.6.1 Introduction

In order to show alertly the conditions under which a power is determined, it is
necessary to distinguish those auxiliaries which affect the final shaft output of the engine
and also those which are necessary for the continuous or repeated use of the engine.
Items of equipment fined to the engine and without which the engine could not in any
circumstance operate at its declared power are considered to be engine components
and are not therefore, classed as auxiliaries.«(Such as fuel injection pump, exhaust
turbocharger and charge air-cooler are in'this-categoryof engine components.)

Nn.6.2 dependent auxiliary:Item of equipment, the presence or absence of which
affects the final shaft outpulsof the engine.

Nn.6.3 independent auxiliary; ltem of ‘equipment which uses power supplied from

_—

a source other than the'engine, L 4
)

N.6.4 essential auxiliary: Iltem'of-equipment which is essential for the continued

or repeated operation of the engine. ’ ,.

n.6.5 non-essential ‘@uxiliary:- liem of equipment which is not essential for the

continued or repeated operation of the engin'e_._.,_'»;_ "

n.7 Declarations of :bbwer
n.7.1 Introductio;n

n.7.1.1 Purpose of statement, of power

Statements of power are required for two main| purposes:

a) The declaration by a manufacturer of the value of the power which his
engine will'deliver tnder agiven set jof circumstances; [This declared alue is known as
the “rated power”.

b) The verification by measurement that the engine delivers the power
which has been declared in a), under the same set of circumstances or after proper
allowance has been made for any difference in circumstance.

To specify the set of circumstances under which the declared value of a

power would be achieved, the declaration shall state:
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a) The kind of statement of power (see 7.4) and of necessary, the
ambient and operating condition (see 7.4.2).

b) The kind of power output (see 7.3).

c) The kind of power (see 7.3).

d) The corresponding engine speed.

NOTE

1. The term used in a) to c) may ’Ifj for example, continuous net brake fuel
stop power. Y -///
(& apjlicamﬂne method of manufacture, the

2. Where appropriate to
power achieved may be rar N the declared power. The existence of
and its magnitude shal -
3. Measurement of in national Standard shall be

determined in accord

n.7.1.3 Power aﬂme T
1-:1 3 B

e-i'_:‘ ##‘— ? -
For eﬁines delivering powe r shafts, any power in this

International Standa : ' san-torque, calculated or shafts

transmitting this torquem
For engin!’sﬂeliverin powefiother than by a shaft or shafts, reference
shall be madﬂ u gp%rm ﬂemtﬁaqﬂ\ﬁa'a! a:i driven for the driven
, U
machine. ¢ o o/
o W abhkede st J 1 IVIETA E
9 The speed of an engine is the mean rotational speed of its crankshaft or
crankshafts in revolution per minute, except in the case of “free piston” engines where

the speed is the number of cycles per minute of the reciprocating components.
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n.7.1.5 Engine with integral gearing
When stating the power of an engine fined with an integral (built-in)
speed increasing or reducing device, the speed of the driving shaft extremist shall also
be given at the declared engine speed.
n.7.2 Kinds of power

n.7.2.1 Indicated power

The total power devel TF,?the working cylinders by the gases on the

Y,

combustion side of the workin

n7.22 Bramhz
| —— "!
The poW ) :

engine driving shaft or

sured at the extremity of the

a) din 6.2 and 6.4;
b)
c) Non-esse as defined in 6.2 and 6.5

Ly

s Lt
The power absorbed b;EE

S bIA
auxiliaries may be s@]ﬂcant in such cagtai_eg:‘

Note - Examples of t al auxiliaries

These lists are not necgsary com ' ﬂ
n.7.2.3 Net brake power

ﬂ u EID% W%J %@%hﬂaﬂ ‘ﬁsmg only the auxiliaries

listed in 7.2.2. 1a

amﬁ*ﬁﬁ‘iﬂ UANAINYAY

n.7.3.1 Continuous power

nt and the non-essential dependent

uirement shall be declared.

guidance purposes.

Power which an engine is capable of delivering continuous, between the
normal maintenance intervals stated by the manufacturer, at stated speed and under
stated ambient conditions, the maintenance prescribed by the manufacturer being

carried out.
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n.7.3.1 Overload power

Power which an engine may be permitted to deliver, at stated ambient
conditions, immediately after working at the continuous power.

The duration and frequency of use of overload power which is permitted
will depend on the service application but adequate allowance shall be made in setting
the engine fuel stop permit the overload power shall be expressed as a percentage of
the continuous power, together with the duration and frequency permitted and the
appropriate engine speed.

Unless otherwise stated«an overload.power of 110% of the continuous
power at a speed correspondiag 10 the engine application is permitted for a period of 12
hours of operation. \

NOTES X

1. The power of mariné main propulsion ?éngines is normally limited to to continuous
power, so that the overload power canndlt_ be given in service. However, for special
applications, marine mnain propuléidn engiﬁéjs %ay develop overload power in service.

% ol

2. If the engine application is nat de}[érmined,;-thg engine manufacturer shall specify the

overload power and the corresponding engir;mé__?p_e_ed.

ﬂ.7.37.27 Fuel stop(power P ,

Power:vxv/rhich an engine is capable of delivering during a stated period
corresponding to its .application, and at stated speed and under stated ambient
conditions, with the fuel limit'so that the fuel step power cannot exceeded.

n.7.4 Kinds| of statements of power

n.7.4.1 ISO powers
N.7.411.1 1ISO power

Power determined under the operating conditions of the
manufacturer’s test bad and adjusted to the standard reference conditions in clause 5.

Nn.7.4.1.2 ISO standard power

The name given of the continuous net brake power which the
engine manufacturer declares that an engine is capable of delivering continuously,
between the normal maintenance intervals stated by the manufacturer, and under the

following conditions:
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a) At a stated speed under the operating conditions of the engine
manufacturer’s test bed;

b) With the declared power adjusted to the standard reference
conditions given in clause 5;

c) The maintenance prescribed by the engine manufacturer being

carried out.

engine application.

To estat( .

account:

a) The bient conditions according
to the special requiremegnt & s-‘ in . and/ islative authorities and/or
classification societies, as specified ~"‘ sto. S )

b) The normal ¢ tyo?ﬁ ail '1".
ki -‘I F \

c) The expecte tenance periods;

d) The nature and.amo. ) pervision required;
e) All-information relevant to the operation-of the engine in service (see

clauses 12 and 13). "

n.8 Declarations of fuekcgsumptlon

wﬁummmwmm

1.8.1.1 Fuel consump‘Uon
CLNGAIOPITE S (1R ]
power and under stated conditions.
The quantity of liquid fuels shall be expressed in mass units (kg).
The quantity of gaseous fuels shall be expressed in energy units (J).
n.8.1.2 Specific fuel consumption

The fuel consumption per unit of power.
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n.8.1.3 ISO specific fuel consumption
The name given in the specific fuel consumption at the ISO standard
power.
If not otherwise specified by the manufacturer, a declared specific fuel
consumption shall be considered to be the ISO specific fuel consumption.
Nn.8.2 Reference calorific value of fuels
n.8.2.1 Liquid fuel engines
The declared specific gl consumption of a liquid fuel engine
shall be related to a reference lower calorific value6f 42,000 kJ/kg (10,030 kcal/kg).
N8:2:2 Gas_engines
The declared specific fuel consumption of a gas engines shall be
related to a stated lowerCalorifig'valte the_ gas. I'he type of gas shall be declared.
ni8.2.3 Specifiofue‘l.»clonsumption declarations
The specifio-'i"uel collﬁfd;rnption of an engine shall be declared at:
a) The 1SO. -staedard'-ﬁrower'
b) (If requWe‘d by S}Be(:lal agreement) at any other declared
powers and at specific engine speeds appropnate to the particular engine application.

Unless other\lee states a deV|at|or) of +5% is permitted for the

specific fuel consumpt’on for the declared power.

N.9 Declarations of lubricating oil consumption 1 Lubricating oil consumption

n.9.1 Lubricating |oil“cansumption; Fhelquantity ofdubricating oil consumed by
an engine per unit of time. This quantity is used for guidance. It shall be expressed in
liters opkilograms per engine eperatingsheur atthe-deelared pewerang engine speed.

n.9.2 The lubricating oil’consumption after a stated period of running-in shall be
declared.

n.9.3 The oil discarded during an engine oil change shall be not included in the

lubricating oil consumption declaration.
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Nn.10 Adjustment of net brake power for ambient conditions

n.10.1 When it is required to operate the engine under conditions difference
from the standard reference conditions given in clause 5, the net brake power output

shall be adjusted to or from the standard reference conditions by the following formulae

(see note 1):

P.= (n-1)
q*’ _1j (see note 2) (n-2)
—( -—‘ T_ (n-3)

Nn.10.2 In the case.of'

L T
_ewch the limits of turbocharger

speed and turbocharge. /e not been reached at the

substitute reference conditions to :,frc{m vhich po justments is to be made.

The following formulae (4) and (5) will.the instead of formula (3)

Where:

P.is the brake @Wer

P, is the standard;eﬂence total barqgetric pressure;

P BTN Ao

(s thegandard reference relative humldg‘
AT HWYINEN R
T?r is the standard reference absolute charge or coolant temperature;
P, is the substitute reference total barometric pressure given by formula (5);
T, is the substitute reference absolute air temperature to be stated by the

manufacturer;

T, is the boost pressure ratio at declared power under standard reference

conditions to be stated by the manufacturer;
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T is the maximum available boost pressure ratio to be stated by the

max

manufacturer;
QL is the power adjustment factor;
k is the ratio of indicated power;
MN..is the mechanical efficiency (see note 4);
P, is the brake power under the conditions being considered,;
p, is the total barometric pressure condition being considered;
P, is the saturation wvapor pressuie _under pressure the conditions being

. - |
considered;

(I)Xis the relative humidity condition being considered;

T, is the absolutggalr temperature tllaeing considered,

T, is the absolute€harge air égotarirlt’:temperature at charge air cooler inlet being
considered. 1, .

The factor a and exponent.m, 1, ané_['g have the numerical value given in table n-
1 (see note 5). il -'-f-.r.-'_._

et lj'r.l

NOTES Yot 2

1. For the convenience of users of these forrr:\i]jiéé,‘ reference may be made to tables and
nomograms in annexéé—B%e—@,—whieh—aLs&ine&adeﬂumeﬁeél gxamples.
2. When the ambiéﬁt ‘conditions are more favorable fh‘én the standard reference
conditions, the declaréd power under the ambient conditions may be limit by the
manufacturer tosthé' declared pewer at the standard refereneeg conditions.
3. If the relative*humidity us not known, a value of 60% should be assumed in formulae
referenCes'A E'and G.if tablen-1.

For all other formulae references the power adjustment is independent of
humidity (a =0).
4. The value of mechanical efficiency shall be stated by the engine manufacturer. In the
absence of any such statement, the value of 1, = 0.80 will be assumed.
5. When declaring the ISO standard power the engine manufacturer shall state which of

the formulae references in table n-1 is applicable.
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n.11 Adjustment of fuel consumption for ambient conditions

n.11.1 When it is required to operate the engine under conditions different from
the standard reference conditions given in clause 5, the fuel consumption will differ from
that declared for the standard reference conditions and shall be adjusted to or from the
standard reference conditions.

The following formulae shall be used if other methods are not declared by the

engine manufacturers:

(n-6)

Where (n-7)
Where:

b is the specific

[3 is the fuel con

Ol is the power a

K is the ratio of indi

Subscript r correspo Bt J the standard reference conditions.

Subscript x corresponds ‘o values th ditions being considered.

NOTE - For the convenienc ae, reference may be made to the

e ——————————————————l]
tables and nomogramsgif-aniexes 81007 Idge numerical examples.

G
AU INENTNEINS
AN TUNN NN Y
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Table n-1 - Numerical values for power adjustment [52]

Engine type Condition Formula | Factor Exponents
reference a m n q
Power limited by A 1 1 0.75 0
Non - air excess
Compression turbocharged Power limited by B 0 1 1 0
ignition oil , T n
engine and Turbochargec

dual-fuel without charge | L&v AN — C 0 0.7 2 0
engines air COO|I nedi
Turboch:e /

with charge

air cooling

Spark ignition Non - 1 0.86 | 0.56 0

engines turbochargea

using Turbocharged

gaseous fuel 0 0.57 | 0.55 | 1.75

Spark ignition

engines Naturgly 1 ol
- fu) HNINYING

QW’]ﬂﬁﬂim NMANYNA Y

OTE - The factors and exponents given in table 1 have been established by tests on a
number of engines to be generally representative and shall be used in the absence of
nay other specific information; for example in formula reference D, for an engine with the
charge air cooled by engine jacket water, the value for exponent g could be zero. At
present, they apply only to the type of engines specified but table n-1 will be extended

to include other types when sufficient are available.
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n.12 Information to be supplied by the customer

The customer shall supply the following information concerning the required
power:

a) The application and the power required from the engine and details arising
there from.

b) The expected frequency and duration of the required powered and the

corresponding engine speeds ’,//
c) Site conditions /

1) Site ba essﬁe

Iowest reading available; if no
pressure data are avallable

ximum air temperatures during

ratures around the engine.
water vapor pressure or the
wet and dry bulb temper. ing & th i perature conditions.

perature of the cooling water

available

d) The specification and lower calorific value of the | available

e) Whether th |- ngine is tc rements of any classification
society or with specialegquirements. |

W 12120k 1) (DL R
CLRERIR ekt r i

n.13 Infgrmatlon to supplied by the engine manufacturer
The engine manufacturer shall supply the following information:
a) The declared powers.

b) The corresponding crankshaft and output shaft speeds.
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NOTE - For certain applications of variable engines it is common practice to supply a
power/speed diagram covering the ranges of power over which the engine can be used
in continuous and in short period operation.

c) The direction of rotation (see 1ISO 1204).

d) The number and arrangement of cylinders (see ISO 1205).

e) Whether the engine is two-stroke or four-stroke, naturally aspired,

mechanically pressure charge or and whether with or without charge air
-

cooler. '

f) The quantity of ai

1) Combusti

| e aalinaa e 6 omg system with the rates of
| -
n ﬂulds

circulation of the cooli

Frﬁﬁﬁ%ﬂﬂ?’l g e e
mﬁmm AURNIMED

) Maximum permissible back-pressure in the exhaust system and the maximum

fitted.

permissible intake depression.

r) Any other information appropriate to the particular engine application.
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N15IADASINIS LARURIDINIAAILAE Air Box Method [51]

n3iAdRsINIslnalesaINIARNLas Air Box Method unisdnlaeldunuaesis
dsznauiudaineinie T9iaineInIAazaaEanNIINIsNaNTB4BINIATIYNAARINAINIL
o dl & o £ t:ll 1 aa A o t:ll o o
n1avneuLeATesaus inlieinian uannueeiiaidnsnisluanananaa N dn
o ] ¥ L4 tg
paNAuAnAsaNlAgNFeININTY

PUIALAUENUAUETNAITDILE U

V ArILlsENn m@mmmﬂu@mﬂ WAPNAS

=
FANTINN -1

w SmanIsliasnge [51]
Orifice Diamete Mljyﬂ e (m _'ass Flow Rate (kg/s)
BT NN

AN19R 9-1 munmz’n’uml@ﬂmﬁﬁ

0.002

0.009

0.057
0.23
0.51

AR

917 2-1 nnsdadmnsnislunasasaniAlaeds Air Box Method [51]
- pnineuananIg lnaaeseIn AW Orifice Plate

- NMNAINLAANNIN Orifice Flow Meter

Ysunmsreataiianiiganazin i ldinanisnszinansesanianlva lhgnimezd

a8l Kastner [53] A9@:N1T (2-1)
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_ 417x10°K"d”
N V n

c s min

|
=

A A9 U5unsdawnann1Aianign (m°)

9

= 1 = a 1 o o o dl L o

K AR ANAIN FANYNAU 1 ANFULATANEIUE 2 4910 LAY
FAUVNTU 2 AANSULATANLIUF 4 90y

d A8 L{uRuAUENA19989,Orifice Plate (m)

A o | ‘
N, A ANUIUNTLLS
V. e isuimed
Nmin
ANNRA WIANT iluadnfalalld (Incompressible

8 = Yo
iuasyad Azl
=4z (3-2)

P

\%
Yair
pair ﬁﬂ A9 ‘!l"

Z ﬁﬂ ?:ﬁmmum (m

e

1465 kg/m® 91 30°C

g nAndaiiesannusdlritidsalan ’T/s Winriu 9.807 m/s”
- mua eV 3N EL

Lu”ﬂﬁfﬂ’]ﬂ'&ﬂ’]')w Lﬂu@’]ﬂ’]ﬁ?ﬂ LL@vﬂﬂﬁﬂﬂmﬂqy@ﬂlu?uﬂU ANNAN LRI muu

1 P37 AINAAL

s oerkrnesl VT2 TH E

2
pair

<
N
Il
—
=
&
SN—"

nsluanu Orifice axifin Vena Contracta eazvinlinislnaasatieandimgud)
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Ma = CpoP VA, (-4)
Tm'ﬂﬂl Coo #a Discharge Coefficient 194 orifice plate
A, ABIUIALAY Orifice (m°)
nsfARaReANUANAsex Orifice Plate  axdnlngldunuefines Geaslian
Head luvtiag mmH,0 FeanunsninanAuInsEasANsuANAsen Orifice Plate 'l

AINANNIT

Ap =/pd .9 Ah (1-5)

e Ah Ao Nasng Head: [Frannaiasas (mmH,0)

Pu,o A8 ANNVITTLILTEY i (kg/m’ —su-mlgﬂg kg/m’

\\

" g WZGQHNZQNL“]]’?JLW@\?M@@’]WM LAY

WaUNANNIT (3-3) UaY (U5 A& aunnsivinll e Ae

(1-6)

AIEUAINANNT (¢

Equivalent ratio l@annguniag ‘.tF“ =

(F/A)

ﬂuaq%ﬁ%%Wﬁﬂﬂi

(1-8)

QWWﬁNﬂiﬂJ UAIINYAY
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mmg'mmswmmmﬂ?mzluﬁ ESC Test Cycle [52]

The ESC test cycle (also known as OICA/ACEA cycle) has been introduced,
together with the ETC (European Transient Cycle) and the ELR (European Load
Response) tests, for emission certification of heavy-duty diesel engines in Europe
starting in the year 2000 (Directive 1999/96/EC of December 13, 1999). The ESC is a 13-

mode, steady-state procedure that re

Vs the R-49 test. The engine is tested on an

state modes (mmw A-1, ';rﬂw A-1).

engine dynamometer ove %
The engine must be opera&lpre Cri in each mode, completing engine

speed and load chang cified speed shall be held to

within £50 rpm and t within £2% of the maximum

torque at the test spe

random testing modes within the Qﬁec' rof-are.  a- 1). Maximum emissions at

J_a-a.g
”y.-

Mode | Engine Speed Do Load Weigl factor, % Dura on

Qﬁﬂﬂﬁﬂﬁmﬂﬂﬂ’mﬂmﬁﬂ

3 B 50 2 minutes
4 B 75 10 2 minutes
5 A 50 5 2 minutes
6 A 75 5 2 minutes
7 A 25 5 2 minutes
8 B 100 Q 2 minutes
9 B 25 10 2 minutes
10 C 100 8 2 minutes
11 C 25 5 2 minutes
12 C 75 5 2 minutes
13 C 50 5 2 minutes
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Figure 1. Eurcpean S%atm.r‘.'ar'y Cycle (ESC)
gﬂﬁ A-1 Edropean Stationary €ycle (ESC) [52]

The engine speeds are defined as follows:

1. The high speed nhi is determined by calculating 70% of the declared
maximum net power. The highest engine speed where this power value occurs (i.e.
above the rated speed) on the power curve is defined as nhi.

2. The low speed nlo is determined by calculating 50% of the declared
maximlim net power. The lowest, engine speed where this power value occurs (i.e.
below the rated speed) on the power curve is defined as nlo.

3. The engine speeds A, B, and C to be used during the test are then calculated
from the following formulas:

A = nlo + 0.25(nhi - nlo)

B = nlo + 0.50(nhi - nlo)

C =nlo + 0.75(nhi - nlo)
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The ESC test is characterized by high average load factors and very high
exhaust gas temperatures. As Euro | ... V. Sometimes Arabic numerals are also used
(Euro 1 ... 5). We will use Roman numerals when referencing standards for heavy-duty
engines, and reserve Arabic numerals for light-duty vehicle standards. The heavy-duty
engine regulations were originally introduced by the Directive 88/77/EEC, followed by a

number of amendments. In 2005, the regulations were re-cast and consolidated by the

Directive 05/55/EC. The emission st /- s apply to all motor vehicles with a

“technically permissible X . &over 3,500 kg, equipped with

compression ignition engir rpositivesigniti al gas or LPG engines.

N\

9
{

AULINENINYINS
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SS-4BHT-24 (2)

Body Material

PTFE

Description

Connection 1 Size

‘V aided Hose Assembly, 1/4 in. SS Tube
6 0se Size, 24 in. (60.9 cm) Length
d

Connection 1 Type

Connection 2 Size

Connection 2 Type

ConnectionSize

ConnectionType

eClass

Hose Length

Inner Diameter |

SiteSearchable

UNSPSC Code

g

40141504

’QW'W&N

:‘)
nJl

o)
-
- 0%
= =

JUUAIINYAY
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Part : ss-400-1-4 (2)

Body Material Stainless Steel
Body Type Male connector
Series & HL.E;;/ be and adapter fittings
, Wi
J .

End Connection TS:

End Copine® o/

AULINENINYINS
ARIANTAUNNIING 1A Y
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SS-42GS4 (4)

e el
45’-@\!4 -
- ; ]

SS 1-Piece 40 Series Ball Valve, 0.6 Cv, 1/4 in.

Description:
Swagelok Tube Fitting

Flow Path

/ Standard (2-way)

Flow Pattern

aight (2-way)

Z,.| o=
vave e |\ s 50

End Connectio l/// iEh\\\\ L 14in

» ok® tube fitting

End Connection _ SWaQ

End Connectio Size 1/4 in

End Connection N gelok® tube fitting

Ball/Stem Materia f:‘f (< el Stainless Steel
Modified PTFE
P

PacMng

a7

Ring/DisCiMate gt ainless Steel
< ~

Max Temperature with Pre m
lj 300°F @ 2500PSIG /148°C @ 172 BAR

Rating ¢ a

R AT WO T

Room Tempergure Pressure Ratin 2500 IﬁG @ 100°F /1 Y&BAR @37°C
—q—m—m—gﬁﬂ‘ﬁﬂﬂ—m— ,




304L-HDF8-1GAL(1)

304 SS Double-end Cylinder, 1/2 in. FNPT, 3785
Description:

cm3 (1 Gal.), 1800 psig (124 bar)

Body Material

\”/ L StalnleSS Steel

Connection 1 Size a "-d/z in.

Connection

Connection

) A\ oot
7/ BN\

Connection 2.

AN

o . S
ConnectionSize | ¥ 2in.
g (o)

(4 \ R

ConnectionTyp:

Cylinder volume/infc @ 3785 cm3

eClass e 36030101

!
L

Si’[eSear 1:; —:ﬁ = .
V.. AV

UNSPSC Cadle }; 11800

ﬂ‘UEl’J‘VIEWlﬁWEI']ﬂ?
Qﬁqﬁﬁﬂ‘iﬁuﬂ'ﬂﬂmﬂﬂﬂ

344
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SS-4-ta-1-8 (2)

1,
S Fitti Male Tube Adapter, 1/4 i
X 1'11 f/,'/ itting, Male Tube Adapter, in.

Description
| 1/2 in. Male NPT
_ A

Body Material ~“Staifless Steel

Series e and adapter fittings
5 g

%
2oy Ty /////“\\\ —

End Connection 2 Size 2in

End Connection 1 Tyg 'Iﬂb \ gelok® tube adapter
THENF
' ‘\ ‘
J -

End Connection 2 Type Viale NPT

Cleaning agelok SC-10
!

X

y

ﬂ‘lJEl’JT’IEWIiWEI']ﬂ?
QWW&Nﬂ‘iﬂJ UAIINYAY
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ss-400-3 (3)

Description SS Swagelok Tube Fitting, Union Tee, 1/4 in. Tube OD

Body Material 1 - _ Stainless Steel

Body Type \‘\ gy JJ Tee

elok.tube d adapter fittings

Series

= -
End Connection 1 Sizg, r///“\\\

End Connection 1 Tyg (///E&N be fitting

J{//g)\\\\
Eﬁ

End Connection 2 Typse ke ® tube fittin
4 's.t\ J

End Connection 3 Size v ‘\ W4 in

End Connection 3 Type { it 2gelok® tube fitting

vagelok SC-10

Cleaning

va
A

iy

ﬂ‘UEl’J‘VIEWlﬁWEJ']ﬂi
’QW’mﬁﬂ‘iﬂJ UAIINYAY
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ss-4BHT-120 (3)

Description

Body Material dFE

Connection 1 Size

AN
GCommecton 1 Tyoe ‘,///é‘\\\\\ "

Comenton 2520 ///g 3 \\"

Connection 2 Type rll \\\ Stub

ConnectionSize ” $4G ‘ \\ 4 in.
iy o
- %

T
ConnectionType . T be Stub

37110201

eClass 7 J:p =

Hose Lengt .‘,

el

Inner Diamete V}

40147 04

UNSPSC Code

ﬂUEl’J‘VIEWIﬁWEI']ﬂ?
’QW’WﬁNﬂiﬂJ UAIINYAY
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ss-100-r-4 (1)

Description
oD
Body Material > )nless Steel
Body Type Reducer
Series

— |
r’//ﬁ \\}4\._ and adapter fittings
AN

End Connection 1 Si

Y
End Connection 1 Ty -. ,3\ ® tube fitting

End Connection 2 Size II ﬁ ‘\\\\

o I
End Connection 2 Type l '%;b & ok® tube adapter

Cleaning ks .+ 12} agelok SC-10

L7377 778
(=t =2 ey o

9
{

ﬂ‘lJEl’JT’IEWIiWEI']ﬂ?
QWW&Nﬂ‘iﬂJ UAIINYAY
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SS-400-C
Description Stainless Steel Cap for 1/4 in. Swagelok Tube Fitting
Body Material H‘i.t\ ” // tainless Steel
Cleaning Process | = gelok® SC-10

Connection 1 Size in.

lok® Tube Fitting

Connection 1 Typ (////‘\\\\Qv“\??"ﬁ

ConnectionSize ///E \\\\ .

ConnectionTyp Il ., 5 \ ube Fitting

)
eClass \\ 020713
A\
SiteSearchable i r ‘ es
UNSPSC Code 40141712

—

]
ﬂuﬁl’mﬁmﬁ‘iﬂﬂqﬂﬁ
amaammumawmaa




SS-42GXS4
SS 1-Piece 40 Series 3-Way Ball Valve, 0.35
Description
}\ /, 1/4 in. Swagelok Tube Fitting
Flow Path :N" / Standard (3-way)

——

_..,J '~ Switching (3-way)

Flow Patter

Valve Material mIess Steel

End Connection 1 IM “\N gelok® tube fitting

End Connection 2 Sj //‘Eﬂi\\‘ tube fitting

End Connection 3 Si

‘.‘ ainless Steel

% W\N agelok® tube fitting
%@

Ball/Stem Mateci

Packing . ~Modified PTFE

Ring/Disc Material Stainless Steel

Max Temperature :,'

300°F@2500°PSIC /148°C @ 172 BAR
Rating" \#

Orifice™ BZS in

172 BAR@ 37°C

Room TempewT

Qﬁﬂﬂﬂﬂ‘im UANAINYA Y

350
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SS-400-1-2RS

Description
/8 i ale ISO Parallel Thread

SS Swagelok Tube Fitting, Male Connector, 1/4 in. Tube OD

SN,
ﬂess Steel

Body Material

Wnector

Body Type

Series

End Connection 1

///// ‘&?2 s and adapter fittings
\\\\

End Connection 1 Tyg

/%
' //]

in

End Connection 2 Size

P parallel (RS)

End Connection 2 Type

wagelok SC-10

Cleaning

ﬂ‘lJEl’JT’IEWIiWEI']ﬂ?
QWW&Nﬂ‘iﬂJ UAIINYAY
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SS-2-RS-2V
Stainless teel Gasket for 1/8 in. ISO Parallel Thread (RS)
Description
;/ orocarbon FKM Inner Ring
Body Material C M Fluorocarbon FKM

Cleaning Process k® SC-10

Connection 1 Size ////“\\\\\\

. . ’\u
ConnectionSize

eClass

UNSPSC Code

72/l
SiteSearchable 'I ﬁv N\

ﬂUEl’J‘VIEWIﬁWEI']ﬂ?
’QW’WﬁNﬂiﬂJ UAIINYAY



353

SS-12M0-1-M16X1.5RS
(1)

SS Swagelok Tube Fitting, Male Connector, 12 mm Tube
Description:
OD x M16 x 1.5 Male Metric Thread

Body Material 316 Stainless Steel

MU/, lo Bulkhead

Bulkhead

Cleaning Process wagelok® SC-10

——— ST

Connection 1 Tyg ///ﬁ '\ :’*‘\\}:“k{\ ube Fitting

Connection 2 sizgf” //ﬁ ’\\\\\

l Parallel Thread

Connection 2 Typs l m

ConnectionSize J' % d\\ mm

e 1 Parallel Thread

ConnectionType

eClass 37030703

- "
SiteSearchab!

s
4

UNSPSC Code-

>

ﬂ‘IJEI’J‘VIEWliWEI’]ﬂi

’QW'lﬁﬂﬂ‘iflJﬂJﬂﬂﬂEﬂﬂEl
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KPP1LF422P20040

Body Material Iess Steel

z’x
S

Cleaning Process //ﬁﬁ?ﬁ"‘?:\\“\ Packaging (SC-10)

Maximum Inlet Pres8urg 1,/ ‘% ’\\\\\o osig

Outlet Range e \.\ 5 1000 psig

"l N i
— v 7 =

FRig ; stlleft Outlet: T
Port Configuratio f I
Koo 4

o Inlet and Outlet Gauge and
vttom Relief Port {H}

Port Type e 4 in. Female NPT

v ; v .

Yoo = ..f"l

ﬂUEI’JVIEWliWEHﬂ‘i
ammnmumawmaa
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o L 1 1 by i“_ = 1
NI1TATUIUNIAAFIUNTITHEAS nasag, A FIAAUA Sdﬂl.%’ﬂt‘wasil’ﬂ'lﬂ"lﬁ, ATAIN
° J = 0 Q ' - al 3
%I’PJ‘HGI’], ATANHUR UL U U T:"-::;':::.'-:': AALTANAN DME NAAUNANAG 9

V3 : Y]
-
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NARNUIN A

NIFAUIUMARFIUMSHANTAENIA, ANDATIFIUANNALTDLNAYAINIA, ATAIIN

Faum, AAnaruLduaasisuihanlulafiganan DME Ndunansg

a.1 NFANUIBMFARIUNTHNANIALNIA
q.1.1 DME blended with Palm Bio-Diesel (DME 50% : PME 50%)

Density :

Calculatio
Fro !f

Since the blengj fraction 0% and 50% so p%neterX =Y
So 2+ (X ) 2V, 0us
Auiduinssunng..

X [(1/ 668 kg/m’) + (1/ 879,2.kg/m’)] = 3,785 em’

AR1ANFURARTINE IR Y

Summary :

My = 1.4368 kg.
Mpye = 1.4368 kg.
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q.1.2 DME blended with Palm Bio-Diesel (DME 40% : PME 60%)
Density :
p=mV,V=m/p
Poye = 668 kg/m’
Do = 879.2 kg/m’

Container Capacity :

Voous = 3,785 cm’

Parameter :

Since the blend ion is 40% a S ameter (3/ 2 )X =Y

379.2 kg/m’) = 3,785 cm’
X [(1/ 668-kgt) + 9.2 kg/m’)] = 3,785 cm’

AUETIENINeNg
q9.1.3 DME blended with Palrf io-Diesel (BME 30% : PME“70%
AR A A RITN A Y

p=mV,V=m/p

Powe = 668 kg/m'’

Poe = 879.2 kg/m’
Container Capacity :

Voo = 3,785 cm’

Parameter :
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Let X be mass of DME
Let Y be mass of PME
Formula :

X/ Powe) + (Y Poue) = Vaous

Calculation :

Ffom (>(/p DME) + (Y/ p PME) = VBOMB
Since the blended fraction is 40% and 60% so parameter (7 / 3)X =Y

So
X190 kg/m’) = 3,785 cm’
d_ 3 3
@/m )] = 3,785 cm
Summary :

Q.2 NNFANUIUUIDASIE

. e (D, xm +(Dope xm
TnaAuanldannannis . @y owe * Moy )+ (P ae X Meve )

2oy Mome + Meve

q.2.1 é’mm M3 ;‘v‘
. (0.1110x1436.76) + (0.0803 1436.76)

@ 50%DME

AHE RN INEINT
PRTOR IR TR

40%DME 2054.18
D oo = 0.09258

2.2.3 Snsdiuanyaradiainayainaf 30%DME
(0.1110x 911.84) + (0.0803 x 2127.63)
D 3o000me =
3039.48
Dy = 0.08951




a.3 NMTATUIUWIATANNSAURAT (Lower Heating Value)

359

TnaAuanuldainannig LHV,,,, = (LHVpye X %DME) + (LHV,,c x %PME)

a.3.1 AMANNSAUTDY 50%DME

LHV, . one = (39.872x0.5) + (28.43x 0.5) = 34. 1510':("—9J

4.3.2 AMANSAULRY 40%DM

LHV joseome = (3 .,/ﬁ/sx 0.6) = 35. 2952':'—;
4
e ——
q.3.3 ANAING '
= 36.4392w
kg

Voue )+ (Oome X Ve )

‘VDME +VPME

'F"'J"J'

..;.fﬁ; ghe ‘_

Ps50%DM

A NN NN

O%DME 17675+ 2.0125.,

A WA NYIRE

Q.4.3 AAMNURUILUULRI 30%DME
_ (668x1.3640) + (879.2 x 2.4160)
Paoome 1.3640 + 2.4160

g
P30%DME = 8034992@
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FN979% 2-1 deyananIIMAaeLaNITnuzLarANALTuTR LN g

d‘ 1 a dg’ a dgl/ a a
‘V]ﬂ’]‘ﬂﬂﬂﬁﬂ’]ﬁ"ﬂﬂmﬂLW@QNW[”]?ﬂ”Iuﬂ@\‘ILﬁﬂLW@\iﬂL"‘ﬁ@

Speed Timing BMEP T Cr;ed Power ms bsfc Ny Exhaust oil water tfci):( WT DT Amb P ma
Setting FIA ¢

rpm kPa | (Nm) | (Nm) | (kw) (9/s) | (9/kW.h)e= (%) s |\ ¢o (C) ["€C) | () | (O | (mmHg) (9/s)

1000 201.12 10.0 10.09 1.057 0.1047 356.83 23.74 14202 1 62.2 45.2 28,3 27.6 28.4 752.25 5.9001 0.0178 | 0.2545
1000 301.68 | 149 | 14.97 1.57 0.1319 302.73 | 27.98#| J177.8 “/| 4705 48.2 | 295 | 278 | 28.6 752.25 5.8982 0.0224 | 0.3205
1000 STD: 402.24 | 201 20.22 2.12 0.1541 262.0345 32433 222.8« =5 .2 50.6 29.8 27.8 294 752.25 5.8952 0.0261 | 0.3749
1000 746.36 | 36.3 | 37.11 3.89 0.3622 335.55 |25.24 | | 475.4 ,\§3.§; 644 | 834 | 308 | 320 752.45 5.8613 | 0.06179 | 0.8860
1400 201.12 | 10.0 | 10.27 151 0.1467 350.60" | 24.16 1792 7'8 ® LN 32 31 324 752.75 7.2302 | 0.02029 | 0.2909
1400 STD. 301.68 14.9 15.24 2.23 0.1770 285.14 | 29.71 2171 89? 55.4 34.3 31 32.4 752.75 7.2290 0.02448 | 0.3510
1400 402.24 | 20.1 | 20.56 3.01 0.2171 259.35 | 32.66 | 259.3 88‘:"3"‘4:. 59.7 | 34.3 31 32.6 752.75 7.2290 | 0.03004 | 0.4307
1400 818.97 | 39.6 | 40.72 5.97 0.5316 320.56 | 26.42 .-':51}:3 9££§;'.»‘65.2 35.2 | 31.2 | 326 752.75 7.2184 | 0.07365 | 1.0561
1700 201.12 10.0 10.29 1.83 0.1803 354.37 23.90 | ‘_196;7 87‘7,_529 34.5 30.8 32.6 752.75 7.9056 0.02280 | 0.3270
1700 STD. 301.68 | 149 | 15.25 2.72 0.2296 304.30 | 27.83 233.4 89.7 58.7 34§ 309 | 326 752.75 7.9056 | 0.02904 | 0.4164
1700 402.24 | 20.1 | 20.60 3.67 0.2655 260.67—|-32:50~—2818 997 60.5 | 3486 31 32.6 752.75 7.9017 | 0.03360 | 0.4818
1700 821.98 | 39.8 | 40.87 7.28 0.6548 32400, | 26.14 | 5283 100 66.5 35 | 312 | 336 752.75 7.8992 | 0.08290 | 1.1887
2100 20112 | 100 | 10.31 2.27 0.2407 381.98. | 22.18 | 233.8 96.4 62.1 | 352 | 31.2 | 3238 752.75 8.8166 | 0.02730 | 0.3914
2100 STD. 301.68 | 14.9 | 15.29 3.36 0.2942 314.92 [26.90 | 2804 97.7 62.3 | 35.2 | 31.2 | 3238 752.75 8.8166 | 0.03337 | 0.4785
2100 402.24 | 20.1 | 20.63 | 4.54 0.3408 270.41° | 31.32\|/ 327.8 100,2 638 ||735.2. | 81,2 | 33.0 752.75 8.8166 | 0.03865 | 0.5542
2100 783.17 | 38.0 | 38.94 8.56 0.8370 351.83++| 24.08 | 5454 1024 | 66!8+| 34.1 |1 316 | 33.2 753 8.8338 | 0.09475 | 1.3586

361

L9g
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d‘ 1 a dg’ a dgl/ a . =
‘V]ﬂ’]‘ﬂﬂﬂﬁﬂ’]ﬁ"ﬂﬂm@LW@QN’}[”]?‘E’]H?I@\‘ILﬁﬂLW@\iﬂ’]@Ni‘UIﬂﬁL“ﬁ@
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Speed Timing BMEP T Cr;ed Power my bsfc s Exhauglt oil water | air box WT DT Amb P Ma
Setting FIA ¢

rpm kPa | (Nm) | (Nm) (kw) (9/s) 9k (%) @)} (’C) (C) (C) (C) | (C) | (mmHg) (9/s)

1000 201.12 10.0 10.03 1.051 0.1160 397.33 22872 143.41 76.6 511 28.2 26.8 27.2 753.05 5.9140 0.0196 | 0.2442
1000 301.68 | 14.9 14.89 1.56 0.1465 338.23 26,69 182:1 13 |#480.5 53.6 28.4 26.8 | 27.4 752.9 5.9115 0.0248 | 0.3087
1000 STD: 402.24 | 20.1 20.13 211 0.1812 309.35 29.19 2283t 8312 57.2 28.8 27 27.8 752.5 5.9060 0.0307 | 0.3820
1000 733.10 | 36.3 36.45 3.82 0.3989 376.25 24000/ < 491 N 725 61.5 | 28.92 27 27.4 752.75 5.9058 | 0.06755 | 0.8412
1400 201.12 | 10.0 10.10 1.48 0.1700 413.34 21.84 1734 " 96.5 59.8 29.8 28.6 | 29.6 752.95 7.1631 | 0.02373 | 0.2955
1400 <. 30168 | 14.9 | 14.87 | 218 | 02163 | 357.08 | 2529 211.72 s ;63.'3 50.3 28 26.2 | 28.2 | 752.75 | 7.1835 | 0.03011 | 0.3750
1400 402.24 | 20.1 20.26 2.97 0.2615 316.97 28.49 19619 J'11)5 63.1 30.4 28.4 | 29.6 752.6 7.1543 | 0.03655 | 0.4551
1400 795.63 | 39.1 39.56 5.80 0.5320 330.19 27.350 5447 i_'kai—ilr‘ 73.2 30.9 28.4 | 29.6 752.25 7.1468 | 0.07444 | 0.9270
1700 201.12 10.0 10.06 1.79 0.2069 415.76 21_.7__2‘_ #24.89.2 ,78?_:_ | 56.8 28.8 26.2 28.4 752.85 8.0348 0.02574 | 0.3206
1700 STD. 301.68 | 14.9 14.94 2.66 0.2552 345.48 26.13_ i 88.9 60.7 ".‘29.'2 26.4 | 28.8 753 8.0303 | 0.03178 | 0.3958
1700 402.24 | 20.1 20.16 3.59 0.3080 308:89 29:23 2768 941 63.8 —-29.4 26.6 | 29.0 753.1 8.0282 | 0.03836 | 0.4777
1700 799.26 | 39.2 39.74 7.07 0.6728 342.36 26.37 56515 1082 | 719 | 308 28 30.4 751.95 8.0036 | 0.08406 | 1.0468
2100 201.12 | 10.0 10.03 221 0.2786 454.71 19.86 222.6 89.7 56 . 28.1 26.8 | 27.8 753.05 8.9216 | 0.03123 | 0.3889
2100 STD. 301.68 | 14.9 14.97 3.29 0.3324 363.53 24.84 270.1 104.6 | 625 29.8 26.8 | 294 753.25 8.8977 | 0.03735 | 0.4652
2100 402.24 | 20.1 20.18 4.44 0.4295 348140 25.92 3187 97.3 59.3 29,6 28.6 | 29.6 752.95 8.8989 | 0.04827 | 0.6011
2100 74495 | 36.7 37.04 8.15 0.7886 348.51 25.91 5814 91.8 60.9 303 27.8 | 29.6 751.9 8.8824 | 0.08879 | 1.1057

c9¢e
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NANBNAIN 1902170 NRINIATTIUTBUTRINGS 60% PME + 40% DME

363

Speed Timing BMEP T Cr;ed Power my bsfc s Exhauglt oil water | air box WT DT Amb P Ma
Setting FIA ¢

rpm kPa | (Nm) | (Nm) (kw) (9/s) 9k (%) @)} (’C) (C) (C) (C) | (C) | (mmHg) (9/s)

1000 201.12 10.0 10.10 1.058 0.1190 404.85 2519 146.83_I 81.9 527 31.1 29.4 31.2 755.85 5.8967 0.0202 | 0.2180
1000 301.68 | 149 14.98 1.57 0.1561 358.20 2847 189.4 ‘ 4,848 54.2 31.1 29.4 31.2 755.85 5.8967 0.0265 | 0.2859
1000 ST 402.24 20.1 20.21 2.12 0.2003 340.88 #9.95 233:3==mf 88%9 56.4 31.1 29.6 31.4 755.85 5.8967 0.0340 | 0.3670
1000 587.68 | 28.7 29.22 3.06 0.2599 305.74 3386 | < 328 N 101.6 62.2 32.7 29.2 31.8 753.1 5.8705 | 0.04427 | 0.4782
1400 201.12 | 10.0 10.10 1.48 0.1831 445.00 P2 9@ 1878 " 86.2 58.7 31.1 29.6 30.6 755.85 7.2819 | 0.02515 | 0.2716
1400 | | 30168 | 149 | 1498 | 220 | 0.2236 | 366.50 J 2783 A 317 ’Psfz 595 | 311 | 296 | 30.8 | 7558 | 7.2816 | 0.03071 | 0.3317
1400 40224 | 201 | 2021 | 296 | 0.2807 | 341.00 | 29.91 {2776 | 1004 | 60.4 | 311 | 296 | 310 | 7557 | 7.2811 | 0.03855 | 0.4164
1400 630.52 | 30.8 31.35 4.60 0.3915 306.65 33.2?5': : ;393.2 i_GQ:.i‘ 63.5 32.8 29.4 32.0 753 7.2479 | 0.05402 | 0.5835
1700 201.12 10.0 10.11 1.80 0.2391 478.08 21_.3:_3‘_ 2157 - leghlﬂ_ | 59.2 31.2 29.4 31.0 755.6 7.9634 0.03002 | 0.3243
1700 STD. 301.68 | 14.9 15.00 2.67 0.2901 39_]:.1.20 26.07_ -257.3 103.8 60.2 ‘Ijgl.'z 29.2 31.2 755.4 7.9623 | 0.03644 | 0.3936
1700 402.24 | 20.1 20.23 3.60 0.3561 356:98 28.65 317 07 62.3 —-3]:.1 29 31.0 755.2 7.9626 | 0.04472 | 0.4830
1700 644.80 | 31.5 32.06 5.71 0.5139 3_2211,4 31.47 454.4 abale) s 64.8 '.‘-'_3_‘2.8 29.6 32.2 752.9 7.9283 | 0.06482 | 0.7001
2100 201.12 | 10.0 10.11 2.22 0.3222 521.50 19.56 260.8 95.3 59.6 4. 31 29 31.0 755 8.8905 | 0.03624 | 0.3914
2100 STD. 301.68 | 14.9 14.98 3.29 0.3847 420.45 24.26 299.8 82 55.9 30.6 29 30.0 754.75 8.8949 | 0.04325 | 0.4672
2100 402.24 | 201 20.44 4.49 0.4564 36561 27.90 370.3 110.3 62.9 32,9 29.8 31.4 753.1 8.8517 | 0.05156 | 0.5569
2100 636.35 | 31.1 31.64 6.96 0.6783 350.95 29.06 508.9 100:8 64.5 322 29.6 32.0 752.8 8.8601 | 0.07656 | 0.8270
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Speed Timing BMEP T Cr;ed Power my bsfc s Exhauglt oil water | air box WT DT Amb P Ma
Setting FIA ¢

rpm kPa | (Nm) | (Nm) (kw) (9/s) (g/kW.h)= (%) (C)\ (C) (0 (0 (C) | (O | (mmHg) (9/s)

1000 201.12 10.0 10.16 1.064 0.1234 417.36 24444, 149.41 ThHs, 524 31.7 29.2 30.8 753.75 5.8087 0.0212 | 0.2294
1000 301.68 | 14.9 15.08 1.58 0.1577 359.52 28,87 2021018 [N 88 5%:8 31.9 29.2 31 753.75 5.8068 0.0272 | 0.2933
1000 AbV2 402.24 | 20.1 20.33 2.13 0.1949 329.60 80.95 2443t 9319 59.8 31.8 29.4 31 753.75 5.8077 0.0336 | 0.3625
1000 571.80 | 28.0 28.43 2.98 0.2734 330.51 30:86) | 3333 100.6 | 63.2 32.2 29.8 | 322 753.75 5.8039 | 0.04710 | 0.5087
1400 201.12 | 10.0 10.15 1.49 0.1762 426.35 93.92 1815 " 90.9 58.1 31.7 306 | 294 754.5 7.1481 | 0.02465 | 0.2663
1400 ADV2 301.68 | 14.9 15.04 221 0.2324 379.33 26.89 % :226 ;94.'9 59.2 31.6 30.6 | 29.6 754.5 7.1492 | 0.03250 | 0.3511
1400 402.24 | 20.1 20.28 2.97 0.2817 341.10 20.90 pio7a4 1169.7 63.5 315 30.8 | 29.6 754.5 7.1504 | 0.03940 | 0.4256
1400 600.15 | 29.4 29.84 4.37 0.3884 319.65 31980 i i_(-)%—.ﬁ‘ 64.9 32.2 29.8 | 31.8 753.75 6.9548 | 0.05585 | 0.6032
1700 201.12 10.0 10.14 1.80 0.2326 464.02 21_.9_8‘_ w2074 14104_‘_:_ | 633 31.4 31 29.6 754.5 7.8452 0.02965 | 0.3202
1700 ADV2 301.68 | 14.9 15.04 2.68 0.2871 385,97 26.43_ ek 106.8 | 65.6 J-"31l.6 31 29.4 754.5 7.8426 | 0.03661 | 0.3954
1700 402.24 | 20.1 20.29 3.61 0.3597 35848 28.45 320.2 107.5 66 —-3]:.6 312 | 294 754.5 7.8426 | 0.04586 | 0.4954
1700 642.40 | 315 31.94 5.69 0.5252 332.50 30.68 464.1 1064 | 6565 - 32.2 29.8 | 32.2 753.75 7.7199 | 0.06804 | 0.7349
2100 201.12 | 10.0 10.14 2.23 0.3069 495.16 20.60 242.9 1054 | 64.3 4. 316 316 | 294 754.5 8.7807 | 0.03495 | 0.3775
2100 ADV2 301.68 14.9 15.04 3.31 0.3798 413.47 24.67 294.8 101.5 63.1 315 31.4 29.2 754.5 8.7821 0.04324 | 0.4671
2100 402.24 | 20.1 20.28 4.46 0.4666 376.65 27.08 3537 91.8 61.5 s 15 31 29.2 754.5 8.7821 | 0.05313 | 0.5739
2100 634.34 | 31.1 31.54 6.94 0.7003 363.41 28.07 539.2 81.7 72.5 31.8 29.6 31.2 753.75 8.6743 0.08073 | 0.8720
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J
Speed Timing BMEP T Cr_tred Power my bsfc Mt Exhaust oil water | airbox | WT DT Amb P m,
Setting \ FIA ¢

rpm kPa (Nm) | (Nm) (kw) (9/s) (9/kw.h) (%) °C) 1 ('C) (C) (°C) (C) | (C) | (mmHg) (9/s)

1000 201.12 | 100 | 10.12 | 1.060 | 0.1223 | 415.65 { 2484/| 1523 | 802 | 528 | 312 | 296 | 304 | 7552 | 5.819046 | 0.0210 | 0.2271
1000 301.68 | 149 | 1500 | 1.57 | 0.1489 | 34109 | 2990 | 197 | 83 | 589 | 312 | 206 | 30.4 | 7552 | 5.819046 | 0.0256 | 0.2763
1000 | "OV% [a0224 | 201 | 2025 | 212 | 01077 | 335564l sasod | 2448 ) 942 | 59 | 314 | 206 | 304 | 7552 | 5817135 | 0.0340 | 0.3671
1000 270 | 27.26 | 285 | 02493 | 31450 | 8248 | 3113 | 1007 | 622 | 316 | 296 | 304 | 7552 | 5815225 | 0.04288 | 0.4632
1400 20112 | 100 | 1012 | 148 | 01724 | 41810 [ 2480 | 1610 | 905 | 549 | 313 | 206 | 304 | 7552 | 7.033728 | 0.02451 | 0.2647
1400 | o, [30168 | 149 | 1501 | 220 | 02158 | 35308 | 2869 f_'_“zzs Jé‘s . 5656 | 313 | 296 | 304 | 7552 | 7.033728 | 0.03068 | 0.3314
1400 40224 | 201 | 2024 | 297 | 02556 | 31017 | 32.88 | 2663 | 1008 | 555 | 312 | 29.6 | 304 | 7552 | 7.034883 | 0.03633 | 0.3925
1400 287 | 2005 | 426 | 03687 | 31169 | 3272 | 3849 | 10824 654 | 32 | 206 | 30.6 | 755.2 | 7.025655 | 0.05248 | 0.5669
1700 201.12 | 100 | 10.26 | 1.83 | 02161 | 42584 | 23.95 | 200 733 | 576 | 243 | 206 | 304 | 7538 7.8045 | 0.02769 | 0.2991
1700 | ., [ 30168 | 149 | 1522 | 271 | 0285 37903 | 2691 | 2486 64 54 :343 296 | 304 | 753.8 7.8045 | 0.03654 | 0.3947
1700 40224 | 201 | 2052 | 3.65 | 03422 | 33749 | 30.25 | 3035 68 56 343 | 296 | 304 | 7538 7.8045 | 0.04385 | 0.4736
1700 31.8 | 3219 | 573 | 05179 | 32540 | 31.35 | 460.2 | 106.8 | 64.8 1319 | 290.6 | 308 | 7552 | 7.897449 | 0.06558 | 0.7083
2100 201.12 | 10.0 | 10.26 | 2.26 | 02983 | 475.934|.21.43 | 2416 81 65 | 343 | 296 | 304 | 7538 | 8.63924 | 0.03453 | 0.3730
2100 | | 30168 | 149 | 1522 | 335 | 0371|4056 || 2514 | |l 2d4 76 64 || Bai3"| 206 | 304 | 7538 | 8.63924 | 0.04364 | 0.4714
2100 40224 | 201 | 2052 | 451 | 0.449, | 358.64 | 2844 | 3523 75 62 | 343 | 296 | 304 | 7538 | 8.63924 | 0.05205 | 0.5622
2100 311 | 3145 | 692 | 06509 | 338.84 | 30.10 | 5139 | 110.2 |=637 | 316 | 20.6 | 312 | 7552 | 863542 | 0.07538 | 0.8142
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-
Speed | Timin BMEP T Cr;ed Power m; bsfc s Exhaust oil water | airbox | WT DT Amb P ma
ing FIA b
Setting
rpm kPa | (Nm) | (Nm) (kw) (9/s) (@kW.h)r (%) GS) § (’C) (C) (°C) (C) | (C) | (mmHg) (9/s)
1000 201.12 10.0 10.19 1.067 0.1241 418.99_;* 24434 163.61 54.4 58.2 32.4 29.8 30.8 753.9 5.8026 0.0214 0.2311
1000 301.68 14.9 15.11 1.58 0.1658 377.04 4 27.05 203.5 4 |#h 59 61.3 32.6 29.8 31 753.9 5.8007 0.0286 0.3087
RTD2 F el
1000 402.24 | 20.1 20.36 2.13 0.2034 343.458"i 29.69 260-/==tt 609 62.9 32.2 30 314 753.8 5.8041 0.0350 0.3786
1000 502.40 24.6 24.98 2.62 0.2411 331.82 30874 | 43242 ‘i' 58 64.5 32.8 30 31.8 753.8 5.8723 0.04106 0.4435
1400 201.12 - - - - - 5 : L. . - - - - - - -
1400 30168 | - - - - - f =~ \ - - - - - - -
RTD2 ; -
1400 402.24 - - - - - Fo e — 1 - - - - - - -
1400 538.0 26.3 26.75 3.92 0.3619 332.19 30.70’; ‘375 :75'9?-_"3 67.9 32.9 29.8 32.0 753.8 7.0088 0.05163 0.5577
1700 201.12 - - - - - - - ;'-;,{ = - - - - . ) }
1700 301.68 - - - - - - 2 5 i - - - - - -
RTD2 e —
1700 402.24 | - - - - [ - : = - =] - - - - - -
1700 566.56 27.7 28.17 5.01 0.4641 35(?.15 30.62 445 61.3 67.5 -'_33 29.8 32.0 753.75 7.7099 0.06019 0.6502
2100 201.12 - - - - -2 - - - - ] - - - - . y -
2100 301.68 - - - - - - - ; - - - - - . y y
RTD2
2100 402.24 - - - - - - - - - - - - - - - -
2100 551.88 | 27.0 27.44 6.04 0.6629 395.43 25.79 4955 64.1 65 32.8 29.8 32.0 753.75 8.6601 0.07655 0.8269
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