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# # 5870226121 : MAJOR MECHANICAL ENGINEERING

KEYWORD: WASTE PLASTIC SYNTHETIC DIESEL, PERFORMANCE, COMBUSTION
Yutthana Charnnarongchai : THE USE OF WASTE PLASTIC SYNTHETIC DIESEL IN A DIRECT INJECTION
Cl ENGINE. Advisor: Assoc. Prof. Kanit Wattanavichien, Ph.D.

This research was conducted to study the effect of using waste plastic synthetic diesel on
performance and combustion phenomenon including the black smoke value of the engine. In this research, it
will be tested with the Kubota RT 140 DI engine. The test can be divided into 3 parts. The first part is the test
to determine the performance of stable conditions. Fixed speed from 1000 - 2400 rpm, both with the full load
and partial load of the engine. At the full load when using waste plastic synthetic diesel, the engine can
generate braking torque and braking power less than diesel fuel. Due to less fuel consumption, which is a
result of lower density. The break specific fuel consumption and fuel conversion efficiency better than diesel
due to the higher heating value. And at partial load conditions of the engine when using waste plastic
synthetic diesel, there will be a break specific fuel consumption and fuel conversion efficiency better than
diesel fuel. The second part is the performance of the engine and the black smoke at the test point according
to the ESC test cycle. The engine when using waste plastic synthetic diesel has better performance. The black
smoke is comparable to diesel fuel. The third part is the analysis of the combustion of the engine when using
waste plastic synthetic diesel. In the test, the pressure in the main combustion chamber is measured. Fuel
pressure at the nozzle entrance and crankshaft degrees by recording data every 2 degrees, the crankshaft is
200 cycles per test point. At the test point according to the ESC test cycle, it was found that the starting point
of the fuel injection of the engine will approach the top dead center when the speed is greater. The maximum
pressure in the combustion chamber increases as the test load increases. The maximum heat release rate and
net heat release were increased when the test load increased and the mass fraction burn in the range of 0.732

- 0.866, which is not difference with diesel

Based on the results of the test, it can be concluded that waste plastic synthetic diesel can be
used in the Cl engine with direct injection type without having to adjust the engine. With better performance

values and black smoke values like diesel fuel usage

Field of Study: Mechanical Engineering Student's Signature .......cccoeeeveveenens

Academic Year: 2018 AdVisor's Signature ........cceveereeeenn
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2.1 Weawdsiiwainalu (Commercial Diesel )
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2.1.1 1@a3%9u (Cetane Number)

£%
aa v

BITNUDUAUTITTI AN INNNTIATEL TNV UTDINAIFLTE BIa1u15n IR lAlasn15in

9 9

v

Wowndalalasasuauusansendds 2 viin As Cetane (n-hexadecane) Fanvualiiavd

9

&

w100 Wesnnfinuand@inisynszilngiwas Isocetane 3o Heptamethyl Nonane

= o Aaa v

Fafmualifiavdimuidu 15 1esarnifuarsuszneumsiluififsfuaiviminyihlid
aaantinisgasudaiuimaniu TaglunisaasuiienAav@inuazdrsdaunsgiu
ASTM D613 lunsnaaeuuazdlinisdunumuaunisi 2-1

Cetane Number = % n-Cetane + 0.15 (% Heptamethyl Nonane)  (2-1)

mﬂmiﬁl,%mwaaﬁLaﬁu%muﬁsmﬁu%ﬁqmasia@mamﬁaﬁuau%mwﬁaLLazmivTNmGum
\ASesBuR WU nsamsmaeteus uanngiiAatuanninuvidemas arudiluries
gl wosdssveaadossud Wudy lnedomasifiarfinugezdmaidenisvaunes
ir3espud loun 1Adeseudlaussousgs iinauantRnsaniiaTesudlurasiedondy
anatudludisnisguiniessud andead andnsinsdudendemauosuaiy el
mMsfmuaAduizauiunsltou lneussnmansugsAandsnuszyinasdimuves
Homdsiealudosialisng 50 auanasgiu ASTM D613 [2]
winmsvaaeuLiiemaavdinutudialiiisgelunisdiiunisgs Jeldinsdun

A1 Cetane Index (Cl) Iuxtiveusyanuanuaudin1senszilnvelalndsnu lnggnen

API Gravity wag Mid-Boiling Temperature (50% Evaporated) #1ua10135§714 ASTM D976
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2.1.2 anssze (Volatility)
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sUl 2 - 1 Thsn13ndu (Distillation Curve) Toadaundsiearialy (5]

2.1.3 AunuLuy (Density)

ATILLLTeNT AT UBN s TN LAY ANA N WL IR LT BINE A AT
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Lﬁ??aLwﬁﬂugﬂmmmmmmqaﬁwaz 130 APl Gravity 161
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Chain Termination tngLile Antioxidant w1gluaziiamduljasendainluguandaeiils
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2.1.8 Usunaudainas (Sulphur Content)
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2.1.9 Ysunaeelsunin (Aromatic Content)
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2.1.10 USuauasnzneu (Water and Sediment Content)
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M1599 2 - 1 AaandRvesdeundsiigaduasizianvesnarainilseuisuiudeniiieg

luiildnaaeu
Properties Method WPSD CcD
Density at 15 °C (g/cm?) ASTM D 4052 0.8118 0.8328
Viscosity cSt (mm?/s) ASTM D 445 293 3.19
Heating value (MJ/kg) ASTM 5865-07 45.41 44.87

CHN Elements

Carbon (%wt) 85.04 85.13
ASTM D5373

Hydrogen (%wt) 13.39 13.32

Nitrogen (%wt) 0.08 -

Flash Point (oC) ASTM D 93 55.67 64.33

Distillation (°C)

IBP 107 112

T10 198 187
ASTM D86

T50 300 304

T90 464 469

FBP 551 552

*NANTVAFBULEATIUAIANWIN 3 wamsmaaugmauﬁaﬁamad
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#1949 Befiaudutziuey drunszuiunauAsuresnanadnlfdudomasiudueg fusie
yeawszwanainuazmaluladiminyausurosdiuiy q lnevhlunsudsuveznanannli

< & a & v Yo a an 1 & o a v A a
naneduemanivdeddinghunlidudunseuazaiunsagafnlnld Wewinwatafinug

q



25

a a | o2 ¢ pr e ~ -
¥fnenadlans luiausyaen Wi @asnuln@alidiuusenauveslusiutazansusenaunaid vse
a ) & A PR Y a o ) &
fduusenovvetiulasau anlau dainesniaansdus Baneliiindunsieivuyuwduas
danedaule nszviunistnlsladadunszviunianuraulalaedunszuiunisaanasnig

v & QAI Y a a fIJ 4" a d‘ o Y & (v a a 901 L%
ANUTBUVRIANTUBUTLIUTINMERNTAUA 9 Fananainfitunldduingaulunisndnuidu
a [ '3 :’1 ¥ [~3 a a d! 2 d‘ Y
fladunsiztudauduresnanadnussnnmasiunataindaauisaviasuwailadialasu
ANUSauTalagrangviinaleiu

A A & Y] S8 & ~ Ay v Y] A v

Wosanmswasuvey Ui undsnundudunssuiunisuilanldnisinnsve sl
lpungandsnuiadegaieiunateuszian lag Ampaitepin Singhabhandhu wag Tetsuo
Tezuka (2010) [13] la@nwieatunisuusyuveslnlundanudsUssnauluing ihduiialy
e Wilunaeduldudy wagvsenaian 1eanvezivaliidininuseugs wud Usuuid
agognanunevenfiufivudnazvernataindanumansauiaglduwasingavmanty
AMsHARUNTUIINNTEUIUNS NS e

Achyut K. wagamy (2010) [11] laAnwiieadunszuiunsnieauiounldilasy
vgznarafnluilutiudonds Ineninssurunisimunzaulunisianisvesnalafinuwasy
MsLiiuyanT WUl SINnuInIuvesveznatainuiszaunsosillalaetiuaswduy

& a Y] A = a a a I3
WA ALNUNSINUINWRETE Feansezurunsimnnzanlunsiasuvezwatainbulu
WawmadlalasaisvaulaeliuiinisyanUassuanwluluwmazUseinaazdiunounay

1 aaa Id

= ' [y 1 3 a ¥ v
nszulun1snkanAeduly agrefaunszuiunisinlslaganuulddusaljisendy

al

Ny Yo | ! =~ a a a a
ﬂﬁgUUUﬂ']iVﬂGUﬂu@fﬂﬂLLWTV]@’]Eﬂﬂﬂﬁa']EﬂjigwmLu@ﬂ"iﬂﬂﬂﬂﬁgﬁﬂﬁﬂqv\lﬂwa@l

9

nnsinsguiunsinlsladatinsleiueg1sunsvany Bidhya Kunwar Lagaeg
(2016) [9] FlafnwiwazaguneatunszuIunsinlslaganuinuseneulumenssuiunis 2
wuu Ao wuuldanufeuiiessgiunendusuulefiseufisen Inanssuiunisinlsladawuy

Tdaudauissag1umeIdunataninazaalsfiinenusouLas lnaniugoanun 3 ¥ie

1 '
= o w a A

Ao g WufvkasnINivdeannseuIunsaaei Fahduauiilaainnssuiunisillag
Uniansuszneuvedlalasasveunlaaziirgamgiias iudadimsimunszuiunisinlsla

(%

Fawuulddsaufisennaninlssansamlunisndsuniuniesnusenauvesduiuuguy
= Yy A& A o ow 9 P o |aaa o g v = a a -
wazhwalvigedadu Bnvidadiaandenuildlunisinuiiseasiissuuiiuseansami
29U LU FLIUAzen FCC vl Alalavt Wusiu daunsidentdiussufisenlumaneandu

TnAUTIgINIUTIN VR INGA U lABNeIY
Jerzy Walendziewski (2002) [14] la@nwiAgaduideindunseseualauiannvey

PANFARNAIYNTZUIUNITN AN DU NUIT ATLUIUNITNNAIUSoUNILUUNLTnazlaly



26

1 a a a

fissuizen Weldwedieniau wedalaiu wedlnslndunaswatafinuandus Wuingiu

Wususazieuinnin 95% leewdlelddssfiselunszuiunisin

L2 3

ANUNTO IANAR S U

=
Isladassvinlioamglinldanatuaslandn sausniduidunniu wilifinadundndunidu
g

finey Lﬁaw'1ﬂﬁ”wﬁlé’%muaqﬁ’uaﬁﬂﬁgﬂawmwmaaﬂLLazﬁaulwuaﬂﬂszmumi

vananmsidnszuiunisinlsladalumsidsuesnanadnlhiudomawnaiudSaiinsle
N32UUN15 liquefaction A28 4 Paul T. Williams wae Edward Slaney (2007) [15] a0
Anwndenfundnsaueifildannszuiunsinlsladauioudisuiunssuiunis liquefaction
deldwanafniauuuifsiuasuuunas nuin vaensruunnsiiRan Aaeiliwnndiaty

o = Y 4 & = v a o | a aa
MWﬂUﬂﬁﬂﬂigﬂaUIU(ﬂ'ﬂEJSUQ\TLLGUQ VDIKRAY LaeNIY IWEJLME]IGUWﬁanﬂLWEJ'] LYY WOALDNAULLRY

1%
[ a | o

woalnslnauduinafuluriasinssuiunis NanAusuanileaziduvauaIns oty we

q

dieldwedldlaraslsd (PVO) Wuingavazlafing Hydrogen chloride uazvvaaudsdauduimy
WE0INNTTUIUNTITHER drundnduanfiliannsldnatafnnauduingfuiunuindaiy

\NT1Ye4 alkanes gauazdalansseieyIaIUMIUALIZINY

Tutsemelne Syaliiven wnyad wazae [16] ladnsdnwufeadudneninluns

NANUTULITRINAIINYEENAERN FaldveznatafinUszinn PP waz PE 1udnadu 210

q

Q‘UizﬂaumiLaﬂ%uLLazImqmiz‘iaLa‘%mmiufdig‘dﬁuazwmaamﬂuﬁ'}ﬁuﬁwmﬁ'}é’qmamam

'
% a

A9 9 TLUUNlazuUUABId nudn NanduauduIINNaIERn 1 duade Ivnuuiniig

AsuAnAlaunTY 600 3R teeliA1ANNTUSEEaY 5 - 40 wadiAAnuluileusesas 5 —

=

40 lnvazlvinanauunuasaaiiioTngaunldRevesnarainilaainrauilinay Jaluudaziiu

< a o w a a [ 1)

A9ANaINITHARNLANAITY
TudILYDINITUININAFDUAULATBITUAAILUITUINNVENANEANTINAN A8

nsvuIunsinlsla@atiy M. mani wagany (2009) [17] lavinsnageuiaiedgudgnsuiin

'
a1

v o = ‘a Y} al ¢ A a & &g ¥
FEN159ATILUTN1TANLUALATRIBURA WDNARDUNANTENUTNLIFBALTIOULVBILATDILUAN bT
Y a = a v 3w oA P & ~ | a

UnduanvesnatafniUSeuisuiulsumwa NnNuS5UAIT 1500 SaUADUNTA A15¥N1S
NAADY 25%, 50%, 75% wag 100 % WUI1 LAS98UANLTUINUINNVETNa1dRnaL AN

UszANS N1nTannusaulnaAeanuLAToeuANtguTuAa (AUDY 75 % Y9919N1SNAAU)

a0 v

gniiufnTEgegaasseudnlfiniuanveznaainaziiarnininasesgudnldidusiea

FU9EaMn191N heat loss N@INT7
ludiuvesgumngiledy nIesudnliiniuanvegnanainaziingeninidudiea
NgenInTavi v

[

W9991NLAS 998 UAT IGUNTUANNVELNA@RNTEAAIUYDUTDLNAIRDBINA

nsUanUdegAuseunandy



27

dlosanAauniln (Viscosity) Tudhsudemaszdmanssnusdonisuansuaznns
sumemsdulevendomds saludnssuiunsunindi@esssvhldifansfisiurenis
UanUdesuafiwuarmsuslnademas sadu nsuaufuidewmdwinduiwarenislumainad
Mdowdsdidauniagauazilulifuedowusimen dduiidfedemasiivadinsesian

= o LY IS

YeznaraAndlinaantRlnafssiuiemasitdudiwasniiuaianunie lnadgmndnaes

9

a1 v o a1

nslfidemasdiwaduneininusswatainlueiessudiien Ae JAntusigauasien
UsrAvEnmdsanudoufitiiesnnaamiaasninaiveuigeinindedisutudemas
fiwa (18] Fldfimsihidamasiieadaunssinnussnaafnunaufudomasiieaiionn
AN

Tnglunuideres MMani wagany (2011) [18] livegevaussaus n1swiluduas
nsdanUdesuafivluniessuiynsndndonissadeldidomdsiwadunseianues
wanaRnuaNoInAsiiea nut Wamdsiieadansziainuesnanadinlueiossusiaglden
anufugagaluvioannludiganindomdsdiwamsenisssmedniglufounilndives
dowdstisaduanginnusenarainaz gaduanuiouainuieanlud Snainisudes
arwdouvendamdsivaduanzianuesnanainazgainindeisuiieutuidomasiioa
dosnmawnlndiiind Funsfudnduseniomdsiwadansginnussnanainadly
Howdsuay azdmaliuTinunsanUdes NOx Wintu esnnisUanddesanufaui
avduuagamgfinawilvgl n1sUasUdesausingetulszana 30-40 % AaeaATINIMIAGEY
duAlsgdniamidinnufoutudomdsiwadunmgianvegnatainagiiagenn
Homdseaduesginnuesnaafnuaudomasivauanomasiioa musii

UITBUDY Rajesh Guntur waramg (2011) [19] AlaUrUrTuanvegnaainila

(%
o w a

NNTEUIUNS IS badaunaun Ut umwau ltnaaa UlulAe Ui AN wINaNTENUAUY

aussaushaznisUandassuaiiv Inanadeulueiaseunyaszilasionisdnvuindnd
= A A | = & ' a

A11UL5Y 1500 50U/W19 NdA1ITNITEANGUDIUATOIIUA WUIT NITNAADUNENIZANTY

a dAao

YNAIUTDNAINTEAFIUUNTUINNVEENAERN 50 % LAy 70 % UAUTLANTNINTIAIY

N

FougendInhdfiufwa uwazinsnlvdnaninhfufwalaegainUsnaivaisueulasenled

a

faanin watinnsvanvassfiwaisusulausabonwazalsusenaulalasaisuauasninuidu

Y Y
=
Ala
NNsvegnaraRnad Ul ngIAUNaINTA18YIUTLANTIDAANARDAMNTNYDS

' o
Y v v

U uNnanle fatu Sachin Kumar wazaade (2013) [7] 39baAnwnigInuinuaInvey

warafnilaainnszurunisinlsladawuulddusauffsenlaewasunily HOPE Wissadns



28

dwenduingiv Tnsunhffunnveznarafniilanauduindusiwaludndgiu 10%, 20%, 30%
way 40% vasnduainvesnaiadin Wldluasaseudqasadnienisdaiie@nyinis
a Ao B s < = ~ A
WANULUANTARANTIOULVBUATIVUA N1AIITITOUAIN 1500 T0U/UIT N330S
NADUANY WU IYNATEINaaeuIAToteudldiiuanvesnaainraniuflgaed
AsEANEA ML TouANIAS o uATId T uAwaLlaInTAIA NS R UTIAIN TV RS
Wewds druan1siingaudinie (BSEQ) Wussiinwilaiiudndiuvesinduainvey
waradnasludduilinageu Feaenndesivganniiladsdauasessuanldidiouinduainves

v A =

waraRnuaudufigasziAigeninaseseuanlduidufivaiiosninnisusednsninnis

a dy a I~ [ a o 1 a a :.// a dy P o
WA UL T UNFIUNNINIT dIUAIUTLENS AITNNIINATUAILLAUT UL DANAULUSA

v A

WLy Ineaziulaiesassusnlduinsiuainvezwatannnauisfuiiwaludndiuiisuvey

1% '
¥ o % a

wanafn 10 % %ﬁﬂ'w'iz?m%mwwNﬂaqquwm%wuﬁﬁ%umuﬁLszjamaamszmmsw
NAEU

d7U9U398U89 Viswanath K. Kaimal Wag P. Vijayabalan (2015) [20] lafnwen
RAeafudnvarnmswlvdvesihifuwasnvesnanafnnauingd uiiwaludndiusiig 5 iU
\3assusifa wuu DI wuih anusuluiessnlnivenedeseudiloldisiuanverwanadin

TANAINANLALITANAWL DNUAAAIUVDIUN UALYALLDI9INAIAIUNLAVBIUNTUINN VY

Y 9

v a = o 1 4

nanadniiganiniduisedehliitiedinsgnssdadganinhlidomaisameludas
mswandmidaududugs fadudeiRanisgassdamuduluioumninifegand dw
dsnisudesarmdeufivufintu Weunandinnuieu mstieendiauudiulszney
waznsiisieAuviiniganindsdenalirsnnisudesmnufouresisiuanuesatain
QﬂﬁqﬂLLazwaﬂaaLﬁaLﬁmﬁmdauﬁwﬁuﬁwa usiludrunisudesamnufouansiituainves
wanaRnngdianasan snufudlethintuannuesnanadnlunautuinduisassiidmsudes
arwdougvsininisufieadesnnsunlndlurisiidesanaunsgnananiildivengan
voutoindauasmdmuiitniivesdomnas

loannis Kalargaris, Guohong Tian Wag Sai Gu (2017) [1] Igdeituannanadinly
naaoululIesudAea WUy DI 4 gu leAnwiAeafiudnuaznisilng Aaussousile
warn1sUanddesuafivresidfuannanainuaziiuanwarafnuauiifufiealudadan
fing 9 Wisuisuiuiduiioa nui wlessuddldihdunnnanainanunsaviauldedn
A5G 75 % uaziaeseudazyialfegsiinnanszmamaaeuiiledidndiu
yosturnwatainluyiinadii Tnsthifuannaiainasdsmaednanawil wu

il ea1d1n5anseidng1iuiuidy anudugeaatuie urnlnsigaukazinisUanddes



29
audougatuidesniid@inusindhifufiss duaussousdlddu o Semduns
AuFesdamdsimeauntessudilelithiuanwarainfinndadauntsnaudiengandy
ilufwanasagrantsmageuiiiesaindininudeuiidindivesiaduainnatadin an
ﬂizﬁw%mm%amm%fawuaqm%wuﬁtﬁai%’ﬁwﬁumnwmaﬁﬂﬁnﬂé’mﬁhuﬂ"ﬁmau%ﬁ’]ﬂd’]
dfuwauszunn 3-4 % daunmsuanddesuafiviu wudh Snsvanddes NOx, UHC, CO
way CO2 inTulofiudnaruntsnautisiuanwanain

wana1nil loannis Kalargaris, Guohong Tian Wag Sai Gu (2017) [21] §ela@nun
NansEnuUssnIeseuiaInnnsldintunanain 75% fuisfuiia 25% lunseseuRiiva
LUU DI 4 gu nui wdessuminnuliiiaiios wasidemendsainduly 36 $lus Tnglu
%Imqmﬁwuaqmimaaufu UsgAnsnmusaaisssudanatesanndadunainainnis
Fisdured knock effect waglolde Lﬁ'aiLﬂiwﬁﬁwﬁwdaﬁ'uLLazaqﬁUszﬂaumaaQﬂqu WUN
iuﬁaaLm"LuﬁﬁmiLmiﬁﬁﬁlﬂamgiﬁﬂua8ﬁmi§ﬂmaa&hamalu%ummmLﬂ%wuﬁ

uaedsfinmsinituildnnszuaunisinisledavialéfiseufAsenmsaufuiiy
fwariaiflarsdamesilulflundosuiansadnfonisdarundnuuuiadomas
Tnensefidndiunisnausg 9 Wefnudnvarmsmiinivendomadiintu Ing Preetham
Reddy Churkunti hagmaade (2015) [22] WUl ﬁ’]%mﬂﬁ@ﬂ%@%%@LW%Q“ﬁLﬁ@i’JNﬁU
diunanainzdavaninnumilnvesdomdsadlddwsdiofinussansamniswlag us
selsfimusnsnmsiudiendomdsdndliasuuladadunaunamdnuiiinnndy

vousiunanain dunisuning wudt gaumaiiluvisdlndgeninudiinisuanddeslulasiau

I ° A 44' v 3 o a Y v oa A ada 9] s o
@@ﬂVLsU@ (NOx) @"Iﬂ'}’ﬁ/lﬂqﬁgq@LN@I%UWNHW@WaWﬂNﬁNH’WJUWL%aeﬁuﬂmﬂaqiﬁjal,wgimq

'
a

(CynDiesel) uananiUiuaianseglaniniianasuasnsivdsuluiusy Bualnonsuan
daralminlalasasueu (HO) uwazasuaulauenlananad (CO) RuwinasiimsUdesuadiv
yo9oyAIA (PM) Wiisuainnsmilwsidunsnszarsuntufiniy Tnsfidadauntsuantiniiy
wanane axlildmasiossavinimueadossus wifdidmasonisUanUdesuaiivey

dm¥uluysznelng MANSOUR NAGIB ELHEMRI [23] lé@nwidenfuaussaus n1s

'
=

wnlniuaznisanUdosuafivluaiessuinsadndensdasiaguiienioldidomas
Huerwininveenatain Wemdsduasgianiduiivlduddmanlaqud Bemduay
nEsNTIE Peaensaiminerds fadeasey uarlulofwarminduundudmde
Tnouninerdeguaswsriiieufisutuidomasisarmlfiganaaeuisiauuaman
11A51U ESC test cycle wudn duaussauy wiessudidloldifomddaunseianues

a Aau Qy A dy a o (% Qy A v o
NANFANUDATINITAULUADIUDLNAIUNIZLUTN (BSFC), 9RTINITAULUADINAIIIUINE



30

WA (BSEC), UsednSninaduseu (BTE) wavguugiileidulndihssduinsossudnld

a0

Fomasmwaralu grunswnlug ndessudileldifomasdunseianvesnaianinaviieag
ardinisgasudadinindemasiisadntesds daudraudulufoaniindinaznis
UanUassmudouiidnuazvendulsilndifissiu smunislanldesuafiv wdeseunield
Fomasdauasiviainvgynatainaviinnsanuaesansusenaulslasansueuiininin i
n1sUanlasy NOx, CO2 LLazﬂi’uﬁwﬁqmdﬂ drunsUanuass CO tmllsunnsafudiodeou
fundesoudiloldidemasimaitaly

= Y a av v a & = 1%
Lu@ﬂ‘iﬂﬂu’]ﬂu‘iﬂﬂ‘ﬂngaqﬁ@ﬂﬂlﬂ"\]’]ﬂﬂigU'JUﬂ']{LWIibLasUﬁuu‘ﬂgllaﬂﬂﬂigﬂausﬂaﬂ

o A

indufinainnaie W Naphtha, Kerosene, Diesel, Long residual 1u@u @eiiviedaun

a

szgdonazenn Aty Tuanuddeniiddaiididulnlsladaanveswatainlusnu

v [

NsrUIUMINAUA WM UAILIBLe N RNTdIuNRuMa TN SNAUAId uAg AUTuRLYAY

14 [l '
LY deil aa wa

mindiuilaasniauaudilndifgeduiduigauniugdasiseniiduriaiidinih dufiea

1%

o & a A o a ¢ | P A v a a
FuAzianveEnaadin waziilatnunltlunindguinninazlaAaussaus il naAeInse

geaninidfudia



31

uni 3
ASTUIUNISN AT IULAS DU UARLYALAZNITILATIZINITHN g

3.1 1A3098UARATELUAA8N159A (Compression Ignition Engine)

£%
P~

nszuIUNISIlnlivetesoeuiynssdnmiunissn aunsoasulaseil nszuiuns

auzisuanaleddaiietoniAnaeuenidgrieannlindsngauasUadiew

ddamieda Mnuudamdgnaadivesnindnuatedmigdn o duwndsneuAudatguy

Y

] a ¥

(Before Top Death Center) Lintos Fugeindsiigndadiluaziinausuganifoniuiu

Y

Uanevdanazunniuazesslenidngiounilve antuassemesedimaiiuasnaudy
pmafieganelunszuongu dniuasAnnisansdadeiieetoimduareinied
wanfulusmsdnfiasainlilfidesangunaiinazanudugdlusiesnlvsi@afismess
nsgnsudadefies Waiamawlviagyinlviaruduuasgamgfinieluronsnizelu

= v & a ! P Y] v & £ a o 3
GZNSU']EJI‘WLm@LWﬁQﬁLUﬁQU‘WWiaaigLWULLagﬂ\lﬂmﬂ‘anﬂqﬂ‘lﬂLﬁ'Jll']ﬂGUuC\]ULﬂﬂﬂqiLquLﬁllﬂiﬁﬂLirJ

a LR 4

LazgukIwatlounsewdamaignanid s inlignininiitunun waglodeiiinain

nswnlngignaueenanieninligdundeuiumevielodenduzans

sruumamdveanIessudgasuilamenisdnveanisssudildiuegludogdu

9

aunsaulenudnvaznsandemaarniseanuuuiesniludld 2 wuu Ae uuuda
Fowmaslnense (Direct-Injection or DI Systers) uazszuudaoinaslaedoy (Indirect-
Injection System, IDI Systems) Imiuﬁﬁ%a%maﬁmﬁ’uwﬁ'aqauﬁfqmsl,ﬁﬂé’mmié’ml,LUU
andomadlaonsaddddiduniosumumided

‘;’ IS4 L4 a vV a r-&l a a ¥
syuvilasiviesrnnduuuiaieadis (open chamber) lngidoindsazgninidng

Y

NV RIE GRS WARIRAgUN 3 - 1

JUN 3 - 1 vieanlndvadaseseud Cl wuudaaindsaunse [24]



32

3.2 mawnlniluieiessudyasudadisnisdauuuiadomadasnsauazszuunisia
\Wanag

foyardossuillédmiunisiinmesininunlnd wansdagud 3 - 2 Geagsinisia
nABATNNTSALAENIVEETaTeNATBuRAwauUUAnTamETnenss ShanisBndoimas
ansnsonldananuiudomas mnudulunszuongu lassadmenhdauazguuuunisen
youfudanldlunsfionsan §19ingu wui azdivaseuartiegd 9 ssrmardemies

= & I aa a v a & a ® a v o a
"?NLUUGU'NVlLill‘U']ﬂGQWLiﬁJG]'lJﬂ'ﬁQﬂLGU'E]LW@QIﬂQuﬂQLiNWUﬂW?LNWIWN (LUﬂ'ﬁW‘U'ﬁmqgﬂgﬂﬂqﬂ

¥
= 1

nswasuwvasanuduvesdulas p@) anuduluieanluiaziindusgresiaiiniely
Lifpsmmandanissanuudndiunsiiuiuazd1adlagadnuduasilAaand 5 9Aina

]

Jouleawiag TC nsyuiunsanvemasardmidunolunaasuaunisenlug

'
=

U7 3 - 2 audiulunszuengu (p), nMsendumada (L), wazrnududeumdslusyuunisie
Weunduiieuivasrnunandeuiesluesoeudfiwarundniuudnidemnadlagnsy

| A v Y LY (% -«-&J a = ¥ (% d‘

AflaannsinanusulunssuenguiazauiuonA@aenadaiugun 3 - 2
srgnihunldadieansmdnsnisUaesanuioudauaniiaguil 3 - 3 Fwziuldinfinsgade
wasuaneslugasatinisgaszida (Anannsaramanuseuguiaiosn nduazldly

o & a 2/ 1 [ 1 I~

nssememveatamas) Inglunssuiunsilvdasuusesnidy 3 ¥ fie

4397 1 Premixed Combustion Phase 801510131 Inglagasunuaziinlugig
FEUEIAAY 9 3998a59AUYITRLGUluNSTUONGULTLEE19TINET

%249 2 Mixing-controlled Combustion Phase 2¥531U%14718731n15Ua08AY
Sounzrow 9 anas (ludiasuduenalidnsnisaseanuiouagailuaaesliuszaiini
' = ! dy [ ! Y 2/ d' ' ! d'
AININ) Berasasilurisesnsnnivan lnsanuiounudeseanunlugei 1 uaz 2

EUANUTETUI 80 % VDINAITUNINUA



33

4399 3 Late Combustion Phase azagiuatgvaadudnsinisuassninuiounazay
WRTUNABAYINTINILANTVENEAL tAgAINUSaUNUageanutuYdtaziAUsEuN 20 %

YDINFIUVINUA

(=,
Pressure, MPa

=]

d

£

o i\

2 75

O +

- | 4

& 501 .

£ i 2
25 ' !
0 | i 0
-40 =200 TC 20 40 60 80 100

Crank angle, deg

JUN 3 - 3 anwdulunssuenau p, SnsINsEAWBIMES 1y, , karenIIN1SUABEANTEU

'
=

avs @, TaAuIuINANUALlUNTTUBNEU VRLATEIBUARRATLIAEN WUUAATBLNES

IR Viﬂam%iau 1000 S9U/U9, bmep = 620 kPa [24]

(9]

#ms1n15UaR8AUTOU (Heat-Release rate) WundnnisdrAgnuiuildesune
Usngnisaimaluginnglunszuengu Sednmnisudesanudouiiffondinueives
Fownasivdeseenuventemdwariifanswinl Tnganansautnszuiunisvesng
nsUassauseuldeandu 4 99 Ao 91sa1tn159nszida, Fransun e adeinged
wanl¥noundn, Fransinlndiinruaulasnisnauuazdianswlngdn Sausazdaaazgn
muaulagnsruIuNIsTlEnduaziadiiunnanafiy Futuguil 3 - 4 wansuaugfisnsinig
Udesaufoulundessufuvuiadomaddaonse O) Tnsanunsoeiureduneunisifals

[

&
PNU

- 433981911153A5¢10A (gnition delay, a-b) ISUAUAILATDINGIQNAALYIET DU
gl (SOI, Start of injection) ﬁ]uﬁaﬁmﬁ%amﬁﬂﬁmmﬂwﬁ (SOC, Start of combustion)
- 9N s v udonasinanua191in (Premixed combustion phase, b-c)

Jugrwesmsmiiniivessemasinauivennialuguaiiinisgassidn dwsianiswing

agTIn ez guLsIniouiy dwmalbivaliidnsnisudesmnuiouliengeanveaniswilgl

- ganswnludniaduaulneni1suay (Mixing combustion phase, c-d) LilBLyBLNES

wazeINATNAiuaning N lniauruedn N s ndiwemdsniglure s ludiazgn



34

muaulaggnsINISInvesasHansenitdeamasiveniainiouazinilug lngagieaniy

geuuilifugnsindvesdomdinauiuarmiinazanaulonssuiuniswitng
Atlusioly
- 929n19WN a1 (Late combustion phase, d-e) Lﬂuﬁ’mﬁﬁmiu%’dmzﬁ@ﬂ@u

WARIUNAY (FIMILVEEAL) WaLdN159MIINISUABYAINUSAUNAT TILANINNNITH NI VDS

& a 4 A [ 4 I ! I A a 2/ 1
LGU’EJL‘Wﬁﬂ‘VlL‘VI@E]E]%JJLaﬂu’EJEJLLﬂ%LﬂUﬂ’]iLﬁﬂlwmua’lusﬂaﬂwu']'1/]Lﬂ@%?ﬂﬂ’]ﬁLN’WlMN%@\iﬁ'}uwﬁN

v ¥
a = ! S

PUINNATUNDUNTNT

Rate of heat release

160 g b 170 180 190 200 210
Crank angle, deg

JUT 3 - 4 s INTUdeEANTRUYRIATRIUARATIITE UUANRING T AUATILAEY1INT
W lnLuUsing ¢ [24]

Lyn [24] ldasu 3 diuiugiuiedfususuuns@aiiomas n1srauLagn s i
A VOIATOIBUARALYA Fatl

¥

1. msdawemdndigiovulnddisusandlumuduuinneaunis aviin

Y
IS a a v

NIEUIUNITNANTUTUANamAsn@adndvieanlngd uazldSunanseny

Y

Antiosa1nnisun sl

) v Y

2. NNTAZANVDUTDINANNUTINO UMM Lagn1SHANTULANT YUY INAILAY

o
o 1Y

PINATANTENINY WAV TLBIIINNTTLNLNTIAVDAYBLNEITU RIS
9n5210n9eLAnN135TMe0g 1955 margnAIUAN LA NS ferl e s b

vosiwTeu inn1sailulwlsaliannu ity Fanmsenlnliszgnihlvdilay

ANNA1TIN5YRSELTN



35

[

Yownaaninszaneslnaniaiaan gl A8 AANTEUIUNISHANNAITILARIE DR

w
—

1AINIFULUL (a) ¥H991NN159nTeidn SRTIMIHALTBINEI NI umilau

sUluu (b)

Aoy

dwiuluszuvdademdddagnsuuy M (ssuvniviessniviuuunaulugngu) uas
szuLRaWeInatlaggay (D) TudnsIN15UdosANToUILANAINTLULAATRING L AURTIA

Tusui 3- 5

iacti jecti : Injection
Injection njection  Mechaniam C e Mechanism
r / Delayed mixing by .
T Immediate mixing mechanisms B and C Delayed mixing by
e by mechanism A > @
/ Pl
Ny van Time— - ~  Time— -
Ignition Long N Short
delay @ delay @ delay p

=

SUN 3 - 5 dnuaiensaadiomauardnsinisuanlaeunuseuveaAs et uAfLEaTes
LASDILUNRALANY 3 WUU [24]
(a) WARIDHNSINISUAAUABEAINUSBUVDILAIDILUAAIATRARALY DL NAILABATIN LY

Wiaauwuunanes Aalinsenans

(b) WARIBMNIINITUAAUABYAINUSDUVDIATDILUAPLTATRADALTDLNAILAYATILUU M

v
IS a

aa v o
NAALYBDENWAILYINUN

(©) hENITNTINISUANUAaBYAINSDUVDILATDILUANLYATLADALTDLNAILALDDULUY

o bsinoulrauy

PNMIANwIFURUUNISUanUdeganuiouvaaatasudfwaluluuag 4 ladns

'
o Y o v

Uauanalnviagluuunisida nsnauwaznsndnddyluasoseudawall 3 sUwuy

=Y

Ao JUKUY a nanns@aeindsiluviunlaslumuduininneaisnasiinnsnausiui

& a o o ¥a i ' v . & a A o
EUENLSU’E]LW@QﬂU@’]ﬂ’]ﬁ‘VﬂI’MLﬂ@ﬁ?umama'ﬂqwuq (Premixed) E‘ULL‘U‘U b L%@LWﬁQQSI‘ULﬂ']SV]NUQ

o w 1 [

nswanlutsdtinsgnssdafievagliiiioninnssswmeveaandgndnin winasain

a

n39nszidnazifinnIsssme e 9TImsILazazgnauANlnednsIN SN TaR T Iuiasou

'
al a =

(eingamgiliiuiageesinlidamassneisitu) wazasiinnsnauiulusuisadan
= ¢ Y & a DY) o A a |
wsiilgudnanefisinaiu Jukuy c Wwamdsgnnseanglulndiunis uasdifinnisnanlugis

8191015305 laualudnsfdosndihuy a waziilalinn13gnsednTuasiinnisnauegis

TnSvendemasiueniAgufaiuzULuy b dmsunieseuduuudatamadaensied



36

SULUUANFULUY a dduszuudaienddaensaiuu M duasdsluuuniuguiu b uas c
Fezrelidnsimiswivdlugisuwsnligauiuly dussuunsinemidcdaugau s

aNYEYDIYNEIYINTTIATEL TN AUNAIRINTUALTFULUUNTHANWUY C

3.3 LLNuﬂ’]WEULLUUﬂ’]iLN’I‘lMﬂ (LASER IMAGE BASED CONCEPTUAL COMBUSTION
MODEL)

Jagtuiimsiauiuruninusuunisii e tunldlunsieseiseasiden

YDINTZUIUNTN AT IULATRILUATLYA NITIYNITUIUNITIASIEATIITNSANaINaIeN
d' ] aaa 1 o aaa a d’lj a a dl' &

wuuviugasewazlivindasenlunseuiunis@aeindsasluniossunnwa wazly

WUUIIaDINIAIY ”uuazamwaﬁqa 1a® Dec. [25] 1553‘1.15'311‘5@3;]6ﬁ]’]ﬂﬂ?i@i’&"\]ﬁ@‘l.lﬂ?i

9 Y

1 o

drenmmeaweiil dailvdanudilaludg venisend “sUnuusuiAnvenIswtlng

= sl 5
VDILAIDIYUARLYA

SULUUBNARYDIN I I Ue1LATR I UARLYALAAIAITUN 3-6 Uag 3-7 lnagull 3-6
LansdiuTuvedlasiassgauaivesns ndiwemadduinIeseudfiva lnggulzuans
TUADUISUAUDYITT 9 nasanBNAuNsAnTomdazsoifiodluaudenisninddiunas

ANULN0INTEUIUNT I (quasi-steady)

nasnsusun s ndlalivugemaddadiluasididssesNisendt “quasi-
steady” FennuaudRlagiluves Jet axdinsagudinaziinsvenemiintununisnadives
wawnaadlugvearlnd dmsvaniiegnisinanuiiuansdagun 3-7 Asfian1ig quasi-

steady M10IAUNANTDLNILY 8-10 BIFT USIRINLTUAUNIAALTDLNAS

gﬂﬁ 3 - 8 uansNuIn s sisiufiwatas quasi-steady Ine Dec. [25] 16
osusliunudsiuansauufgruildlunsfinnsaumnmislaeialuagldesuiesy Jet
vosmailngl Tasiduanidemdanainseanainifdadlulufonslnslegasngalu
sULUU Jet Faazgaduannufoureseinialunszuengu liidemdaiuuandiuazszme
nanenfuleuazidunisnautueimeiiiaduuenves Jet mntuazdunszuauniseandindu
voudanAsinaniuoinie qﬂﬁwﬁ%Lﬁmmiaaﬂ%l,ﬂ%’uimasauﬁuﬁﬁaﬁuaq Jet B 2

NTEUAUNS I UNTEUIUNNSNENTINISLAADDNTLATUYDATDINAITUDINIA



U

.q'
N

3 - 6 Schematic of quasi-steady burning jet from laser measurements.[25]
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dtufienuiiasiuszileruinfisduiinssasiilnsandunaansues
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oAssdiilanissannty
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uni 4
ad o a a o ¢
0AUUNTTIvBLaZRUNIA
4.1 Awsaulun1saiun53Y

av & "o o awv [d ] 1% [y a
UIYULUIVUADUNNTNNIYDNLTU 2 dUAIBNU mmmumwﬁlugw 4-1

ALY DNAIRLAFLATIEANVLLTNANERN LT D8Us Cl ¥Tia DIRECT INJECTION
|

- Wamasmeariby

- ARNAAAAILATIZNANVYENAERN

A \ 4

NAFBUALTIOUL NN15EEER NINAADULALIATIENITN MY
LAYAITTUNEIY AIISITOU Mndayannuduluniswning e
1000 — 2400 59U/U1¥ AUITOUL AUATY
WHUATALTTOUTVRUATBILUA 29AN15AALTBLNAS STD (20 BTDC)
WIsuimeuna ANAFRUAALUAIUNIA ESC Test Cycle
WIguiguma

(%
Y

JUT 4 - 1 unuidunaunmsiunsaniiun1side

| a = A = a A sy v & a

AU 1 1 JUNSNAFUENTITOUY LaWSEULNEUANTIOULUBILATDIUUAT kUL DLNAS
a ) ¢ a X a a ) ° AV v P a
AadunTenanveznaafinuazitendsfianily lagdmanisnaaeuiilaunaiaunugd
AUTINULVDUATDILUALANAT L AL USsUB Ui

daud 2 \Wunsvegeunazinsiziniswnlndaindeyannuduluie sl fn
AUTIOULLALANUAN YYD IATDIUUALLD LU DL NAIPLYATUAATIEIIINVIENANARNLALLTDLNAS
= ) P a X a ) v A v YR
Aganaly Nearin1sandendunsgiu amsmeaeuazliganegeuiidnulamnainingins

NINAFOUANNINTEIU ESC Test Cycle [26] (anaxuan) uandmaiilauIeuiiguiu
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4.2 gunsainldlunimagau

lunisnaasuAtaussaus nswibuiivazarnaivdndudedddgunsaindaiig

undeteuazminzadlunisinaing q lnsgunsainldlunuidetuanadanuisluzuin 4 - 2

JUN 4 - 2 uRudsmsnageu

4.2.1 \A3D8UA

[
a v A

wsssudnagouluwideiiduniessud Cl wila DI 8%e Kubota Ju RT-140 wanids

wanslugui 4 - 3 Tnguanstoyanianaialunisnadn 4 - 1

U7 4 - 3 1A3838Us Kubota Ju RT 140



M1507 4 - 1 Yoyanamaiiavedaseseudnagaey
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e Kubota

U RT140

WUy AIDIUAR ALY 4 oy seueeufousieth
UIUYNEY 1

VUNNTEUBNEU (bore) | 97 mm.

Y480 (stroke) 96 mm.

YSumsnsguengu 709 cc.

NSATOIEUAZ IR

10.3 kW / 2400 rpm

usslngagn 5.0 kgf-m / 1600 rpm
szuUaa Ll ANTDINAILALAT
DRINAIUNIAION 18: 1
} AU Multi-injection port (§2atnuvaneg) auagan
e
0.27 mm. UU 4 AEN19
Uuthiuainga anansaaiansenulagean 230 kg/cm’
) Jusuindunasaulnelulnsases Ut umaadusiln SAE
SYUUVIADAY
40 API CF, SAE 30 API CF AIUY 2.8 899
3 PUBUMLUUSIHNG S2UN8AMUTaURUU Natural Convection
SEUUTEUIEANUS U

AU 2.2 803

PDNTIDINA

wuusen
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4.2.2 launluflnowasynAIuANN sy

lpunlufinesuuy DC ¥99 BOALEECO wu1m 40 KW vianiididunsusyu ieidu
aszyenaliiuleiessudfiazihumaaey fauandusud 4 - 4 Famuaunsvhaulasys
AIUANYEY BOALEECO g1 FC2000 Engine Measuring System fanuuaiugnlunisinusedn
£0.1%FS uansdsguil 4 - 5 idoseudfimaaeuazgniundeiulauilufineslasldinaly
nsideurasaniu Universal Joint 2 4a AuL32sevvesaT0sgudinlfaniduisesin
arusafilaulufived auwdusTlunisindnsusuuuiineadio =1 rom de +1 A

¥ = U a 4 v d' (% PN
sou lngtoyaingiulauludinosuanifanisnen 4 - 2 uasyAAIUANAIMITIN 4 - 3

a a g v a v a a v
JUN 4 - 4 launluilwesnldneaey Bvie T-T JUN 4 - 5 ¥aAIuAY BB

Electric BOALEECO

M1397 4 - 2 Jeyalaunluiines

ANER T-T Electric
Usztnnveslauluiines DC Regenerative Dynamometer
¥n LAK 4180-AA

VUIANBLADS 62.2 KW

ALTITOUGIER 4500 soU/U1H

AUIULBLNDT Class F




53

M3 4 - 3 VaUagARIUAY

ANER BOALEECO
U ehle
ANUutuglunsInAuEIseU +1 rpm =1 word
AMusduglunsiaussin +19%FS
AiuglunIsAILANAINEITOU 5 rpm (constant speed mode)
ANuuiuglunsmIvANLsIdn +0.2%FS

4.2.3 Myindndudfeahduiiamas
n15indnsnsauldeshduemaasldaunsaifiisundn Gravimetric Fuel Gauge
LAASAIgUN 4 - 6 99198985 IMave i aindRInn1suseiiudnsinisildsundas

5 o & a a = Y] I ay v o,
UTNRUNVBILVBENWSINANAILNYUNULIAN Wu?ﬂml@@@ﬂlﬂ‘i]gl;ﬂu kg/h

JUN 4 - 6 gUnsalinUSunaneimaclaguia Gravimetric Fuel Gauge

]

a

4.2.4 MyIngUnN

Y

nsingaungiiagldmesiufuila viln Type K (Chromel-Alumel, CA) siardnfiunasssy

deyyrnd DAQ Fearsausiudyy1vesaunsalingaungiuazadnunusnedesieludyn

AIUAN FC2000 Lieauauaziiutoya Inefignitingnmgiasl

1. gumgiinlvadwieaimeledneudiviesmnlng lnsfndavesluAulaliivieainis

v W

1 = (3 (% v =
FENINUATIDIYUANUINADINA GNE‘LJVI a-7
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JUN 4 - 7 mifiasanesiuduilaiieingamgieinieled

Y 9
1%

a o ! < a g v A val & 1 - 1 & = I a v 1
2. PUNHUUIRDYU IWEJGWWNLVIEJ%I%JF’TUL‘lJabL’Wanﬂﬂ’]EJ‘N’]MaEJLEJU‘NEJQU?L’JQJW]‘H@N

VBIHGU F95UTN 4 - 8

H &

U 4 - 8 msfnsanesludlilaiveingamgiivasidu
3. gaumngiiunluvasdu Ingianunasluduilawnuniuinseauindundedu laglv
ndngumgiveavesluduilaudeglutdundeiunasnian waglidulaiuiiives

dogulusrandunaedu faguil 4 - 9
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4. gauugiilewde lneienunesiudllalinvieleidelnaiunisesnvesleideainvieann
il Tnglianingamgiiveamasudulasgusiingaaudnalsvamindnimnauyiels

e flagudl 4 - 10

sUt 4 - 10 msfedanesluduilafiongumgileide
4.2.5 MTINSAIINISIMav8901n A
MyTadnsinsinaveseniafilnadunieseus azialaserdanisivasesernianiy
WK Orifice S?fqam&y’qagjﬁu‘%nmmqLsﬁ"nﬁ'ﬂﬁﬂmmﬂ ﬁqgﬂﬁ 4 - 11 Tngdavneniafinindian
msnseiilenveseniailnasiiu Orifice 1i1ginToseudiesaindmaznisviianu sz in

ANUSUANAIaN Orifice Plate wazilulgaiuiamnaensInisluavesenie

gﬂﬁ 4 - 11 89NNeINFALAENISANGY Orifice

4.2.6 MTINGUNNAUAZAUAUUTIEINA (Ambient Conditions)
lusgnInnsnedeuaussaurIiinITIngunil LarANUAUUTIEINIANIY Aakansly

JUN 4 - 12 Tnenaiilavzuansiiszuutuiindeya
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SUN 4 - 12 miaméfwﬂﬂiaji’mqmmﬁuazmmﬁumimmﬁ

9

4
gUnsalfngaunfifilddve ColliHigh Automation §u JWSL-2 1¥ugunsainldds

MRUNALATANUTUFINNG TaazulaivataumgiiarauTuduinsyase N ali

[ a &

aglusUresdyyrudidanseda (4-20 mA) dmTuszuunivaudaludfvsessuuiivioya
= Y 1Y =~ 1 Y] o =
szerlna Fagnldegneninauansluiisngg wu e1msiiuade n1sdeasinsauwiau Tsalin

Judu Ineuansdoyarotgunsaldnisnei 4 - 4 dunisinenusuldaunsaldvie Dwyer

o LY <

Ju MS-111 Jugunsalfilddsdyaramnuduuazainusivessinia Fasudaseleglugy

T o

yosdeyey1uBiianseda (4-20 mA) Tnswansdoyavesgunsalfisnsned 4 - 5

a

M15147 4 - 4 Jeyaaunsalingumal

Y

Power voltage 24\VDC (18-30V)

Accuracy (25 8sALwalged) +0.5 99AgaLTed (0-50 DIALYaLTYE)
Output 4-20 mA

Response time <15s (wind speed >1m/s)

Long-term Temperature: <0.1 9@ LgaLTa/
Operating environment -10~60 perwaLTed

Mounting dimension 84 mm x 90 mm x 35 mm (White Color ABS)




M159 4 - 5 Yeyagunsalinaueu

Selectable Ranges

17, 2", 5" w.c. (250, 500, 1250 Pa)

Accuracy +0.1% for 2”(500 Pa), 5"(1250 Pa) way
+0.2% for 1”(250 Pa)
Stability +1% /¥

Temperature Limits

-18 04 66 PIFLTATUE

Pressure Limits g9gm 1 psi
Power Requirements 10 813 35 VDC
Output 4-20 mA

Response time

A150USURILAGILE 0.5 B9 15 U

Zero & Span Adjustments

wuudunausumnInea

Display (optional)

99 LCD LangsLavfanea 4 wan

4.2.7 NMFINAIAIUA

AsaeiiotnAATuA L duLUUNTEAIENTOY %0 BOSCH Usenaudie

57

Jugalede ju ETD 020.00 WWwasesilaiiusedisainiudiainve lodeves

\nTeseudflaLansfsuandluguil 4 - 13 meglumtuazusznausme

1. nszvendu meluiian

aunivangvesdrnsulanseaunsed

2. aUsdutnseangnau (Mavsgniumevasny)

3. gnenslu viessauidniudidenal3s Minszuenty

4. vigalaide (Exhaust — Sample Pickup) Usgneumegunsal

Loy uwavvieavdwiuvuialoderudinssuanay

6= a

319

19
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U 4 - 14 1aSesauATY

sUt 4 - 13 Tugaleide Ju ETD 020.00

13U ETD 020.50

1A39981UAIATUAT JU ETD 020.50 wanwnsuandluzuil 4 - 14 1Juasess unudy

YUVHIAIUUNTEATENTBY WARIANNILFNAVATADALTOINAY HaNaogTening 0-10 Bosch

(% =

Unit Number auaziden 0.1 Wafaukandal 0 AANURN18IRIngNNadoutuY?

)
U3avs fdanuansa 10 anenwiiRaagiinaaeutu fatn vdefinnus 100% Tu
WauAtniud neluagusenaunig Photo Element JUwmIunsInasiiviaanln wazdl
anedyaudnduaiossium ndnnsvihauiedienaaindeiue naenlnashia LLﬁQ‘ﬁIV\jﬂ
anluiflensznuiviindng (nszawnses) azlinsazvioundu Photo Element 9z5uuas
avveutundnlasuiudyaradiihiumnuasliflug s ura Tusuazuansen

sonunludnavioawas Tunsdiiingznunssau1IuIgvs wavzazyiaunduuIun Photo

< a o 1

Element azasdyayrandunszudlifiud duavazuansan 0 dnseaunsesmatinizganiu

waaldvianue lufinnsasoundu Jelufiduanaldadudansasin fmavazwanaan 10 Tunns

A

[

AANINNTEAIYNTBIALYININITIA 5 ALNUI LA AILAUIUL, NANG, @19, 918 kAT VD
N3¥AY 31NTUALMIA1LRFEIN 5 AN TnAT BnvidlunisinrusasIanaaau 8y InAT

U o = & ! a = A vy A A v d'
AIUANY 3 ﬂﬁQLLag‘WqﬂqLﬁaSW@VU\ﬁ]‘@WWﬁ@U LW@Im@%@NaW@J@'ﬂ@JWaW@Lﬂa@uu@ﬂm@@

Y
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JUN 4 - 15 feganseaunsaiglunsinmaiuduTeuiisuiu Bosch Unit Number

4.2.8 my¥adanuiidluiesnlnivazanusudomasiniad e

Tun1siamuduagly Piezoelectric Pressure Transducer L‘f]ﬂz%gﬂﬂiﬂﬁﬂ%%%’?fﬂﬁﬁ
anusuluiounluiivazanuiudowmasiniad vaan Tneialdudalasadeas
Usenaumendnalendeglungunsiuaiiwesussinnuenitv inaulagendeusingnisal
Jeledidnn3n (piezoelectricity effect) Ao Wladuswnseyiiundna3anoasziinnis
LﬂﬁﬂugU'ﬁNLLammmaawﬁﬂLLazLﬁmLiaﬁ’ﬂWﬁﬁuﬁ%ﬂWﬂﬂ (U n) Tnousafinszyiriudn
Foallgnvazduiie q nsuainwesedaimuisdmiunisTaninudu (pressure
measurement) fifinsiwWasunlainaananioninusunadn (dynamics pressure) ¥1n
wsefinszrindunsensfindonudunuuadn axldidauseiuluiiagy lunanduiuves
Usingnsaiileledidnn3n (inverse piezoelectricity effect) iilodnglnilinssuanssliy
wAnA3aneaazyiliiAnnsiasundasgusauazanamufiameinssualuiinggsi (U v)
Faazdnguszaliieonunideiusanszvivunan lneflduusiunuusvieninuduilin
nszvi lumsneaeuiaeusuluviossnlviiagldgunsalinaudu 8vo AVL fu GU12P &
SUTl 4 - 16 Andafiuushguuenadoseus duandlugud 4 - 18 FllsneanBonamuauifves
aUnsoluanIfins1adl 4 - 6

9

lunsiaanuaunviedneioindsayld Pressure Transducer 8va KISTLER ju 607C1

' P v
v = % 1 1 1 )

33U 4 - 17 lag Pressure Transducer 3ggnAndsag uuriadnginduiemasyiasening

9
Y
ﬁjmﬁq v v a [ =

Womndaiuiian dauanslugui 4 - 18 Fullsuasidunfnnsan 4 - 7

ie



M15797 4 - 6 AnadRYeq Pressure Transducer 88 AVL Ju GU12P

F29n15 A 0-20 Mpa
Overload 25 Mpa
Sensitivity 150 pC/MPa
Linearity < £0.3% FSO

Acceleration Sensitivity

< 0.001 bar/g

Shock Resistance > 2000 ¢
Pregaumgildaulans 400°C
Insulation Resistance 7 > 1013 Q2
A1 Capacitance 7 pF
Thermal Sensitivity Shift

%39 20-400°C < +2%
%39 200-300°C < +0.5%

ANSNN 4 - 7 ﬂmamﬁa%m Pressure Transducer 8@ Kistler iq'u 607C1

%39N5 19U 0-482,633 kPa
mmﬁ’uﬁi’mlé’qaqﬂ 698,476 kPa
A1 Sensitivity -0.0174 pC/kPa
gaunilldaglugas -196-260°C

wuqmmﬁ Intermittent Gas Temperature | 1650°C

A1 Temperature Coefficient of Sensitivity | 0.02%/°C

60

. . . U7 4 - 17 Pressure
giJ‘Vl 4 - 16 Pressure Transducer @suinAuauly

Y . Transducer @USUINAINY
ONVRISGY

=1 a a Y o a
AULYDLNDINNINUINIRA



61

AMsInANUsUluAaNn Ll

r- = N
\
I \
\ \ ANSIAAINUA UL DLNA
\ l/
\
\ -_— /

JUN 4 - 18 funaNIsAnce Pressure Transducer dwmsuinausuluiodsntndiazainy

-1 a a Y o a
AULTDLNAININIILYIRING

4.2.9 1p309 DEWE-Book

1A389 DEWE-Book tWugunsalitldlunisiiuteyaaiusuluieannlnduazainudiu
& a a Y o o A v = ' a ¢ v Y .
WawmAsimadwhdanesminaitewiswing 9 lngdnszideyamelusinsy Combustion
Analyzer Version 6 vilanunsaifivdayaninuiuwuy Real-time 19 dauandlugui 4 - 19
Fallvoyaniamalinfannsen 4 - 8

4.2.10 Charge Amplifier

a1

vimihiudasdynralszaliiifiseesnunangunsaifnaudulusiosnnln
(Piezoelectric Pressure Transducer) 118 udmayrauusedulafufioyluuansnanie
Uszananaliegluguuuuiidenisdely Tneld Amplifier Ju DAQP-CHARGE-A 2 61 Lile
uwasdnyaauitinldann Fuel Line wag Main Chamber fauandluguil 4 - 20 Taefifoyanis

WALARINNGIN 4 — 9



M15747 4 - 8 AnAnTRVeATEs DEWE-Book

62

General Specification

Resolution -0.1 degree with crank angle encoder at up
to 8000 rpm on 1 channel
-0.2 degree resolution with 4 channel up
to 6000 rpm

Result Display Online mathematics and statistics
Fast online displays (pressure diagram, P/V
diagram...)

Function Powerful knocking recognition capability

Fast stream to disk mode Z1

MS/s)

Input Specification

Max. Channels 32

Internal Amplifier Slot 16

Sampling Rate Up to 1 MS/s total

Resolution 12 bit

Input

ti0v Standard

150 V (Isolated) DAQP-V modules

Charge DAQP-CHARGE-X modules

Crank or CA Input Isolated




U

i 4 - 19 \A389 DEWE-Book

U7 4 - 20 Amplifier 3u DAQP-CHARGE- A

51991 4 - 9 Joyantunaila Amplifier 3 DAQP-CHARGE- A

63

DAQP-CHARGE-A

Supported sensors:

ICP® and charge sensor

Sensor type selection:

Push button or software

Input ranges:
ICP? input:
Charge input:

0, 20, 40, 60 dB
0.1, 1, 10, 100, 1000 mV/pC

Gain accuracy:

1% F.S.

Input range fine tuning:

Programmable

Range selection:

Push button (fixed) or software (all)

Integration:

Single (velocity), double (displacement)




913747 4 - 9 Fogavnamadia Amplifier §1 DAQP-CHARGE- A (si0)

64

LED indicators:
Range and filter:
ICP LED:

OVL LED:
A,V and D LED:

5 LEDs

Active with connected ICP® sensor, inactive for
charge input

Overload control (output voltage > 5 V)
Indicator for acceleration, velocity and

displacement output

Constant current source:

3.8to 5.6 mA, > 26V

Filters (high pass):

0.1 Hz, 1 Hz, 10 Hz (+2 dB @ f)

Filters (low pass):

100 Hz, 1, 3, 10, 50 kHz (+2 dB @ fo)

Filter selection:

Push button or software

Filter characteristics:

Butterworth 80 dB / decade (24 dB / octave)

Bandwidth, -3 dB

0.1 Hz to 50 kHz (+2 dB @ fy)

Typ. SNR @ max.
bandwidth:
Gain 0.1 and 1
Gain 10
Gain 100
Gain 1000
Gain 10000

90 dB
87 dB
73 dB
54 dB
60 dB @ 10 kHz

Output voltage:

+5 V (+6 V peak voltage)

Output noise:

< 8 mV (all ranges with 50 kHz filter)

RS-485 interface:

Yes

Power supply:

+9 VDC (+£10 %)

Power consumption:

0.6 W to 1.2 W (depending on sensor)
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4.2.11 Crank Angle Encoder
Crank Angle Encoder (ugunsaldmiuinyudemissveanioseud tiledsdeyaly
DEWE-Book 9 ufiayudaiisveseadsssuduagainuniiseuiniessud Ing Crank Angle
Encoder 7141 ¥udve DEWETRON §u CA-RIE360 fH&nwazfaguil 4 - 21 Tavlduans

9aLRuA RN 4 - 10

'
=

SUN 4 - 21 Crank Angle Encoder §%a DEWETRON iq'u CA-RIE360

Y

371991 4 - 10 Yoyavnamaiiaves Crank Angle Encoder 8% DEWETRON §u CA-RIE 360

NINAITVNNU UU Infrared beam is Emitted and received
at the sensor unit

Pulses per revolution 360

Resolution 1 degree

Diameter of disc 121.6 mm (4.79 in.)

Max. RPM 12000

Max. Output freq. [kHz] 125

Temp. Range -10 °C to 60 °C

4.3 NSNAFDUANTTOUL

ANSVNAFDUANTTOULVDILATDIBUR L“ﬂumiﬁﬂmLﬁaﬁuﬁqammuzLLazqmmﬁmi
° PRI = & A a YR v X a a Y] ¢ a
Ul INATD I8 UALATD LA BN UL B TH T o INA IR ad AT IENAINVLENAARN WA S
Wawndssiganill lneaniunisnaniizn1segean (Full Load) waganiizanssunedu

(Part Load)
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4.3.1 INTNAADUAUTTOUY
4.3.1.1 215 Run in

Y] a 2 a o¢ 1 Y ° . a 1%
PA991NN5UABUTUAILNSTULAT B8 UA LU AEADINNINNT Run in Ww3as8unlngld

msgufiuisngnanuuzh Ssdmiuedessud KUBOTA (D) Ysgnaudae 3 duseu fail
1. laifinnse (No load) AUL5I50U 2400 rpm 1aa1 30 Ul
2. 115¢ 50%%U94 rated power AM5I50U 2400 rpm 1381 30 U9
3. 1132 100% V8N rated power AN5I5eU 2400 rpm L3181 20 fla

PFINLASAAUTUADUNYT Run in Aziin1sidsuatstsueTadluineauisuyinnis

PNAADU 1AENISNAADUANTTOULALITUINNAT LY DLNAIAAN b UNDY ANTURBABLTDLNAS

a U 6 a =]

AlYaduAIITRIINVITNAIERN FINAIINN1TNAdDUITDINEILAazT Az n1SIUAYUA1Y

[% ' [ (% [
o w A 1 [ a A a

widupsesnounnAskasiiunsoseuitsssaznamiaiiodunslaidudemimnageu

neunthesniUliuaneuaintuiusunisnageuiioiudeya

4.3.1.2 msmmaauﬁmszqaqm (Full Load Performance Test)

'
= 4 = a

ANINAFBUNENNILNITEEIFN 38FDIUNTT Warm up Lﬂ%wwﬁauﬁaqm‘mmms

Y 9 Y

yhanewaus difeguupitvadeiBunaziiundedudedimni 90°C mnduiaiuns
nageuAANIELTUS e ussTnfuAIILEITEU Tlaniznnszgean (Full Load) Tagisy
MnUsuszvumuaslilaulufiveseuauauiaseuasiiii 1000 rpm a1ntudsusuga
muAulsiRafuswoaTassuiauandl 100 % seliiedesusiogluannizasia ud3aduiin
narusiDa SamAudesihiiudomas AUNUUATAIUAUA 9 Mnfudfinarnsies
Toulufmeslidainedifi 1200 rpm idﬁm‘%maufﬁasﬂuamwm@f’aLLé’ﬁNﬂ’uﬁﬂm way
nseviuLRBafuiinImEIseu 1400, 1600, 1700, 1800, 2000, 2100, 2200 LAYAIILS?

59U 2400 rpm AlinnuduiussEninwsidaiuausiseunantizaiszadn (Full Load)
4.3.1.3 MINAgeUNNNTEUNEI (Part Load Performance Test)

MneNUFLRUsAlIInNmegeuan1IEAsEgERdsausathumiruagalunis

naaau (Matrix) Nenasiseukasiusednge q duandlugun 4 - 22
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1AYNINAROUANTIOULNAN1ILNTEUNEI U RVNIUANIANAFBUUY Matrix 7
Amualuguil 4 - 22 BuanAsIseun tneusuyanluaulaunluiiwesliineu

ANULSITOUAIN wadrUSUAWLSIlAlANTEALTIRDINNS

SUR 4 - 22 Matrix Al4lunsvaaeu

Y

=

MsvadeuIgIuYAnAde Ui mualugUN 4 - 22 Fufin1uiEaseu 1000 rpm

ALsITA 5 N-m 1HaUSULATRIEUATUATINNYATINIUNABINITUAD SO bATRIBUADYT

Y

anmeawi Sudwhmstasandudenihiudomas WipUAUTUANAgUMH ANUAUA
q ntuandsuganeasulneusugnmunuiiteiiuduswetaiosuivionsidatias 5 N-
m uieAssdngagn wagifinausalunisnaaauann 1200 rpm aude 2400 rpm A7
usslnuardnsdudeniudomdslumuinuiuaiianiigeiniaunsgiu 1SO 3046
271 Wi AU FuLEnanslusUunundanssaus (Performance Map) 39uang

ANUFURUSTZIN9LS90A AULEITEU LazdRs1AUUAouTaINaIT e
4.4 nsnadaulInnnuauluramilug

nsnaaauiaausulureaui gl 1Wun1s@neinislutitaznisuanlaes iy
$9ULBINNNNT N VD T DLNAIA LY AFILATIEN WASLTDLINAIRLYA NOIFINISAALTDLNAY

U951 Bauansunuranmegeuanuiuluiesnvdlilugun 4 - 23
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4.4.1 F/nsnaaeuinanuauluiesrtlud
4.4.1.1 maveaeuiaanuiiluionsniflesmnisiademamnsgiu
nsmpaeumudulufou viiflesmnisiademdanasguventomasi 2 4
flannizaaia Mazuazauiiseuasil fazganeaey Swgevnasuildiiu daudasmnainty
Fnsn1IMAaeUANLINTEIL ESC Test Cycle [26] (gn1Akuan A) namAe in1svaasud
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Full Load Curve of Corrected Power
120

e

80

60

Power (kW)

a0

20

0

1000 1200 1400 1600 1800 2000 2200 2400
Speed (rpm)
~-@--Water Temp. Diesel —— \Water Temp. WPSD

[

JUT 5 - 2 MAsusnvesasateumiloldiganasriwadunsiziainvesnaiasin wWisuiey
[ ‘3 a a
fuBINGEsRa

5.1.1.3 8ns1n1sauUdoudonds (Fuel consumption)

gnTINTAUUAUYBINEY Nan1ITA1TEgegavaLATosguiileldiiaIniiiea
o I3 a = = o & a a PN ' <
duasgrinnvesnanain Wisuisuiuidemnasiwa wansluguil 5 - 3 wudl nnanus?
PN d' -1 a a o ¢ a v & a v ]
SOUNNAADUIAS I UAT LT DIWAsAIgadATIziaInvesnatainagldidioinietosnin
AT UANldImERwa Inednsnsaudeudendsasaniilownissgudldlomnaniua
duAs1gRanveznaIain wintu 2.503 kg/hr 1A21115250U 2200 S0U/UNT @1ULTBLNEAS
Alwa i1y 2.545 keg/hr fiR3L5958U 2200 SaU/UNH LULREaTU Faunnanaiulsedien
0.042 kg/hr viseAnduSesay 1.65
A9 UATLTI T DLNA SRR ad1ATITRAINVEETNANERAN LoNTIN1TAUUA DAL DINE 9617
nInAsessuATlddeanasiwanndy 0.032 - 0.214 kg/hr vseseuay 1.34 — 11.56 nasn

219A11u57luN1TNAERU A9 1000 — 2400 SU/W1T

A ¢ A g v 4 a a o ¢ a aw Y &
ﬂ’]i‘VlLﬂia\wumLN@I%LGUEJL‘WEN@lejaﬁﬂmi’wwﬁ]’m"uaxwa’]aﬁlﬂmaﬁli’]miﬁmﬂa@ﬂ

'
=]

Weomadnlesnindunauanaunuiwiuvesdemasitesndt dmalviiduuingsge

a$1slaveseSassudiianfinInesossuddlo g nasmianasntiennuslun1sneasu



73

Full Load Curve of Fuel consumtion
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Full Load Curve of bsfc
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Full Load Curve of Fuel Conversion Eff.
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Full Load Curve of Exhaust Temp.
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Brake Specific Fuel Consumption (1000rpm)
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Brake Specific Fuel Consumption (1400rpm)
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Brake Specific Fuel Consumption (1800rpm)

700
— = Diesel
600
—p \/PSD
= 500
£ \
E
x
9 400 \
% 300
= o
200
100
0 5 10 15 20 25 30 35 40 45 50 55
Corrected Brake Terque (N-m)
Brake Specific Fuel Consumption (2200rpm)
700
- g Diesel
600
et \[/PS D
= 500 (‘
£
E
=
9 400
o
&
@ 300 ~
200
100

0 5 10 15 20 25 30 325 40 45 50 55

Corrected Brake Terque (N-m)

v ¥

bsfe (g/kW-hr)

bsfc (g/kW-hr)

bsfe (g/kW-hr)

bsfc (g/kW-hr)

80

Brake Specific Fuel Consumption (1200rpm)
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Brake Specific Fuel Consumption (1600rpm)
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Sps%cific Fuel Consumption Map of RT 140 Engine Using WPSD (g/kW-hr)
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Exlggust Temperature Map of RT 140 Engine Using WPSD (Degree celcius)
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Extggust Temperature Map of RT 140 Engine Using Diesel (Degree celcius)
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Lubriggnt Oil Temperature Map of RT 140 Engine Using WPSD (Degree celcius
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Coolir%% Water Temperature Map of RT 140 Engine Using Diesel (Degree celcius
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1AU15950U 1400 rpm A15% 35 N-m A19RTINSAUUADUTOINAITUNIZLUTN VDS

a 7 6

wIessusiloldomnasiwadunsizianveswatadn dawvindu 225 o/kW-hr @1uv83

[

wsossudilnldidamnaiiea iy 230 o/kW-hr lagipsessudiileldideindsaea

Y] ¢ a A W = A A a o ° L a & v
AUATITNANVYLNANFFRNAZUADATIAUUFDITDLNA NN LLUTAANNNAALTUTBYAY 2.1

71A1135950U 1400 rpm 15¢89dn A1RIIN1SAUNARUTRINE T INIBLUINVRY

w3esgusiloldiwomasiiwadunsigiannveznatain danvindu 233 o/kW-hr @1uv83

[

wsossudleldigamashiwa daAvindu 242 o/kW-hr lagipsassudiileltideiwdsasa

(%
a

Y] ¢ a a1 @ A & a o ° L a & v
AUATITNIINVYLNANFFRNAZUADATIAUUFDIVDLNAIINNILLUTNAINIAALTUSBYAY 3.9

5950V 1700 rpm 215 11 N-m A8RSINSEUUR DT NAITUNIZLUTN VDS

w3esgusiloldromnadsilwadunsizianvesnatadn Ay 336 o/kW-hr @1uv83

[

wsossuAleldigamnashiwa daAvindu 354 o/kW-hr laatpsessudiileldideindsasa

(%
a

Y] ¢ a a1 v a & a o ° L a & v
AUATITNINVYLNANFFRNAZUADFTIAUUFDIYDLNAIANNLLUTAANNINAALUUTBEAY 5.1

A3L5259U 1700 rpm A% 23 N-m AM9RTINSAUUABITINEISUNIZLUTNTDY
wIsuAle Yl doInasRaduATIERAINVEENATaRn TANVNAY 248 g/KW-hr d1uves

wsossudinldiiamashiwa davindu 251 o/kW-hr lagipsassudiileldideiwdsasa

(2 &
IS a

FuAs1eMNVETNaNERNTTASRIIAWURDUT BN AT IS USAFIN AT uS oAy 1.2

fAU5950U 1700 rpm A15% 35 N-m A19R5INSAUURDUTDINAITUNIZLUTN VDS

wIseuAleltidoInasRaduATIERAINVEENATaRn TAUVIAY 227 o/KW-hr d1uves
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[

wsossudileldiamnashiwa davinnu 233 o/kW-hr lagipsessudiileldideindsaa

v
= - a

FUATILRINVYLNANARNAELANSNTI AU ADUTDNAIT WML UTNFIN AR US DRy 2.4

= < 1w Y A & a o
NAINAULIITRU 1700 rpm .ﬂ’]i%fﬂﬂ’sjﬂ A1DAIINTAULUADILIDLNAIIINIZLUITNUDY

wesgusilolddonasilwadunsizRainveznaladin dAinu 241 o/kW-hr d@1uv83
wsossudinldiiamasiiwa davinnu 251 o/kW-hr lagipsessudiileldideindsaa

v
= - a

FuATIzRNveTNaIaRnaziATns1AuUAoudamasdmnziusnannandusesas 3.8

fAu5950U 2100 rpm 7158 11 N-m A19RSINSAUURDUTINAIT UNIZLUTN VDS

a 7 6

w3essusilolddomnasiiwadunsizianvesnatadn Ay 356 o/kW-hr @1uv8s

[

wsossudinldiiamnasiiwa Javinnu 363 go/kW-hr lagipsessudiileldideindsaiea

(%
a

Y] ¢ a a1 v A & a o ° L a & v
AUATITNAINVYLNANFFRNAZUADATIAUUFDITDINAIINNLLUTNAAINNAALTUSBYAY 1.9

AU5250U 2100 rpm 7158 23 N-m A19RTINSAUURDUTOINAIT UNIZLUTN VDS

a 7 6

w3esgusiloldomnasilwadunsizianveswatain Ay 262 o/kW-hr d@1uv83

[

wsossudilnldiamnashiwa davinnu 271 o/kW-hr lagipsessudiileldideind i

Y] ¢ a A W = A A a o ° L a & v
AUATITNINVYLNANFFRNAZUADATIAUUFDITDINAIINNILLUTNANNAALTUSBYAY 3.3

AU5150U 2100 rpm 2158 35 N-m A19RTINSAUURDUTDINAIT UNIZLUTN VDS

w3esgusiloldromadsilwadunsizianvesnatain dawvindu 248 o/kW-hr @1uv83

[

wsossudleldidomaiiwa dannniu 250 o/kW-hr laaipsessudiileltideindsasa

(%
a

Y] ¢ a a1 @ A & a o ° L a & v
AUATITNIINVYLNANFFRNAZUADATIAUUFDIVDLNAIINNLLUTNAINIAALTUSBYAY 0.8

a < | v Y A & a o
NAINULIITBY 2100 rpm ﬂ’]i%@jx‘i?j@ ABAIINTAULUADILYDLNAIVINIZLUINUDY

w3nsgusiloldwomasiwadunsigiannveznatain danvindu 259 o/kW-hr @1uv83

[

wsossudleldigamasiiwa JaAvindu 263 o/kW-hr lngipsassudiileltideindsasa

(%
a

Y] ¢ a a1 v a & a o ° L a & v
AUATITNIINVYLNANFFRNAZUADATIAUUFDIVDLNAIINNILLUTNAINIAALTUSBYAY 1.8

@ v a < PN = a « =1 o Y v
Q%L%ul@’mﬂﬂ'ﬂﬂLﬁ’]i@‘Uﬂﬂﬂ WHawsIUnlUSNUe AT UANNTYUILVIN RO NS

dudondandsdimsiusnanas waslinludnasana1szganluynausiseuiinegeu
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AN5199 5 - 1 LAAIDRSIAUUA DT DLNAIINNIZLUINVDUY DL N AP YA FILATIZNANNV L

wanafniU3suLisuiuLiemasfwanalunesrnsantenasnggu

Speed | Torque | WPSD CD AnuuAnsaieSeuiieutu CD
rom N-m ¢/kKW-hr | ¢/kKW-hr g/kW-hr %
11 324 335 11 3.3
23 245 249 -4 1.6
1400
35 225 230 -5 2.1
Full Load | 233 242 9 3.9
11 336 354 -18 5.1
23 248 251 3 1.2
1700
35 227 233 -5 24
Full Load | 241 251 9 3.8
11 356 363 -7 -1.9
23 262 271 -9 3.3
2100
35 248 250 -2 0.8
Full Load | 259 263 5 1.8
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'
=]

JUT 5 - 22 gnsnauudeatiowmAsdnmnziusniiniangiseu 1400 1700 waz 2100 rpm veq

d' ¢ A v & a a o ¢ a a = o & a a
Lﬂi@ﬂﬂumLu@I‘ﬁL‘ﬁ@LWﬁ@@L"?jaaﬂl,ﬁi']gﬂ‘\]']ﬂmﬁ%wa']ﬁmﬂL‘Ui‘EJULV]EJUﬂ‘UL“U@LWﬁQﬂLGUa
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5.3.1.2 Asgdvsnmnsifsundenuiiemasiun
31N3UN 5 - 23 wanensvlauduiusseninediuseansainnisivfsungeanu

WOLNALUSNTUAILSITALUSNTIAIUEITOU WU

fA3L5958U 1400 rpm A15% 11 N-m A1UsEaNS A mnsiURsund s udainag
LUSNUDUATDIEUALID UL Y DLNAIALTAAIATIZTAINNVEENANERN TAWVINAU 24.5 % @IUVDY

LASD98UALIB LT BLNA IR TAWINAU 24.0 %

NA315958U 1400 rpm 115% 23 N-m AUTEANSANNSIURBUNR1UTBINES
- ¢ A gy & a o ) ¢ a a1 0w |
WUSNUBLLATDIUALLD [T I NAsRLTadLATIERNVIENANERAN TAWYINAU 32.3 % dIUv89

LASDIBUALL B LT BLNAALTA TAWINAU 32.2 %

NA315958U 1400 rpm A15% 35 N-m AUsEEANSANNSIURBUNE UL TBING S
LUSNUDWATDIEUALLD UL DLNAIALTAAIATIZTINNVEENANERAN TAWINAU 35.2 % @IUVDI

LASDIBUALLB LT BLNAIALA TAWINAU 34.9 %

a < 1 a a a [} d’lj a
ALYV 1400 rpm AN9EENEn ANUIEEANTNINANTUAYUNAIULYBLNAILUSTA
YDILAIDIBUNLL B LU T LNAIALYAAILATIZNANNVELNANEAN TANYINAU 34.1 % @IUVDI

WAIDI8 UMD LT BAIRLYA TAYINAU 33.1 %

71A21M115259U 1700 rpm A5 11 N-m AUseansaimnisilasundenudomas
LUSNUDWATDIEUALLD UL Y DLNAIALTAAIAT I NVEZTWAERN LANNINU 23.6 % @IUVDI

AIDIE UMD LT BINAIRLYA TAYINAU 22.7 %

fA3L5958U 1700 rpm A15% 23 N-m A1UsEANSAMNSIURBUNE I UT I NG
o ¢ A qu & a a o ¢ a A | v |
wsnveunlassuAllelddomndsimadunsigiainvsznatadin Jawvindu 31.9% diuves

WAIDIE UMD L BAIRLYA TAYINAU 31.9 %

A3L5958U 1700 rpm A15% 35 N-m AUTEANSANNSIURBUNR I UTBLINES
d‘ 6 d‘ ¥ dy a A 7 L a a1 | % !
LUSNUDILATOIUALLD [T T DL NA AL TAdILATIZRINVIEWAEAN TAWIAU 34.9 % dIUVDS

LASDIBUALLB LT BLNA A TAWINAU 34.5 %

A < 1 a a a % d’lj a
NAINULIITRU 1700 rom ﬂflﬁgg\‘i?‘!ﬂ ANUTEANTNINNTLUAUNRINULYDLNAUTA

= ¢ v & a a o ¢ a a1 W |
SUENLF]T@QEJUG]LlIE]GLsULSU'E]LWﬁ\‘iﬂL%ﬁaﬂLﬂﬁqgﬂﬂflﬂmﬁlgwaqa@ﬂ UANIAU 32.8 % @3UUDI

LASD9BUALLB LT BLNA IR TAWINAU 32.0 %
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A3L5958U 2100 rpm A15% 11 N-m AUsEaANSAmNSIURsUNaI1uT NG
LUSNUDUATDIEUALLD UL DLNAIALGAAIATITINNVELNANERN TAWINAU 22.3 % @IUVBI
WASDIE UM L BINAIRLYA TAYINAU 22.1 %

A3L5958U 2100 rpm A15% 23 N-m A1UsEANSAMMNSIURBUNE I UTBLINES
LUSNUDUATDIEUALID UL Y DNAIA AR AT IZANNVEENANERN TAWINNU 30.2 % @IUVDY
WASBIE UM LT BINAIRLYA TAYINAU 29.6 %

NA1315958U 2100 rpm 115% 35 N-m AUTEANSAMNNSIURBUNE 19U G
LUSNUDUATDIE UMD LULY DNAIR AR AT IZAINVEENANERN TAWIINU 32.0 % @IUVDY

LASDIBUALL B LT BLNAALA TAWINAU 32.1 %

71R115959U 2100 rpm A13EgEn AUIEANEAIMNISUABUNG I UTRINE RN
Y9LA3098UN LB LU T NAIALYAAILATIZNANNVELNAIEAN TANYINAU 30.7 % @1UVDI

LASDIBUAL B L BLNAAA TAWINAU 30.5 %

] v A & a v a ' a a =
LAULAINNAIULIITOUAIN L lHUNSIUABULUAUBIANUSEANS AWASURBY

NAMULYDNANUTN UANWULLTULALINUNUDRSIAULUADUYDWAIDINE
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JUT 5 - 23 Alsz@nsnmmsiuasundanuiieindausniieinuiiseu 1400 1700 way
2100 rpm Fp3tATeBUAl ol oINARLTadIATIZRIINTEENANERNLUSBUTBUAULBLNES

=
ALY
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5.3.1.3 gauuqillede
- v o & ] a a8 o a =
31N3UN 5 - 24 wanansanuduiussenitseungiiladeduatusedaiusni

AILEITEUAIH nud gangileideiiusasganadoureutiomaia 2 sila deanfilndifesiu

5.3.1.4 gauuniitdundedu

'
s 1 a

31n3U9 5 - 25 wansnsiauduiussenitungiutduduaiusedniusn

D,

ANNSITOUAST WU gaungiuniundefufiuiazyanaaourotlowmay 2 yia daqi

'
a

InalAseiu wageliA iUl AL TAUINLAZTEUNTTINIUVBAATOLUA LT EUY

5.3.1.5 gaumg i vaeidu

a v o ¢ 1 a3 ' [ [y ' a a
"\]’W]E“LJ‘V] 5-26 LLaﬂﬂﬂiWWﬂNWUﬁi%Wﬁ’NQmﬁﬁﬂu’]ﬁﬁaLEIUﬂ‘Uﬂ’]LLi\TUWL‘Uiﬂ‘Vl

¥
! [ = ' A

AULSITAUAIN WU gauvgiuvasiununazIanadauve L BINGane 2 vila JA19
TnaLAsaniu
5.3.1.6 A1ATUAT

4

v o A 2 o i o 2 a v ay
Ausn Arauntnvewdsivzvuagluladedainainnisiindnliauysaives

'
1o

Wowmnds lngnsnaraiuiveanIesudileldidemnasriwaduaseianvesnarainiane
ninesessudlieldandsssanily nildumgnadifyuiannisnaniuresdomduas
g1naneunIslndvilad Fsnsenindiauysalndt Bnwananianannmsssmelan

YD DNAIR AT UATIEAIINVYLNANERN

JUN 5 - 27 waninuudsusiuveriniud1resaIesgunilaldidomaniea

o ¢ a = = o & a a < = Y < =
duasginnvggnarainilSeuiisuiuiemdtiwanill fanngawii ANsIsoUA
] « s A4 gy & a a o ¢ a a v o o ' = ¢
WUl insesgudilaldiemdiiwadunsiziainvesnatain sl iudiindnaTeeus
deldWemasiiwamillidntes sniiuniainuisaseuas Ae 2100 seuseui Mn15zgegn
wrssgudlileldidomdviwadunsiznanvegnatain zdeiniuiianinaseseudiiield

Wawasntganill
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SUT 5 - 24 Angamaiileidefinaniiseu 1400 1700 wag 2100 rpm vearseseudiileld

9 Y
[ (%

WRAIRwadLASIEAIINvEENANER NS s U B UN UL DL AP A
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(% '
o w A

JUT 5 - 25 Argaungiundunaeduiaanmsiseu 1400 1700 uay 2100 rpm Uo4ATeeUd

A g v A a a o ¢ a a a P a a
LlIEﬂSULﬁUaL‘WEN@L%mmi?zwmﬂﬁuﬂswmamﬂL‘tJiEJUWIEJUﬂ‘LJLSU’eJLWﬁQ@LGUa
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(%

wastiufiniusisou 1400 1700 wag 2100 rpm U8dAIesURLile

o

AladuAIIERINVeNaIaR NS UBUN U BLNA AL
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JUT 5 - 27 AatudvesnseseuddisldidomdarisadunienainvesnarainiUSeuiiey

(% dy a a &
AuldeInassLeanily
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5.3.2 Myuasginismilndiveaniessudidleldidendsdiiwadunsiziainuey
Naamn

o B s o & a o 9 4 a A =
n1siaeuiaseeudiiisldiainisdiwadunsiziainveznaiadin NesAin13da
WINAININTFIY NPANAADUTWAKUAWNINUINTFIU ESC Test Cycle lnediviavian 12 90
NAFOUUKARIRIFUN 4 - 23 Fausznaulumenisinanuduiivienadiidalaznyinainy
suluripavnindiuSeufisuivesrnnaiteisweaniaseud weoiteyailaluldlunis
JATeinan1vagey lnedeyadinnuduluemadihdaninlaavinluldlunsiasey

a dy a .. . Y a dy a a a d’lj a ! L [
MYAdALBLNEY (Start of injection) 8ns1NsAABINGS UTH1n15Baemaainins
drudeyannudulureurilvdiazinluldlumsimsmeimansuduiagynduannisialugd
nsINsUanUaendaanu (Heat release rate) N15UanUaasnadeugns (Accumulate of

Heat release) @ndauni1sinlngdigainda (Mass fraction burn) 9198191n159n52100

(Ignition delay) wagrrensiludvaadialnds (Burn duration)

5.3.2.1 MTBATIIIALTUAUNTAAWRINGS (Start of injection, SOI)
lun1svigasudunisaaiionds sirlalaefiansanldnisdeyaninusunvieniadi
A Wesandledinmssudunisdaainingilianuduniglurieniadiiananas@ay
wanseanilugUvauduns NN sWas uLUAEEN TN INYBIAUAUTNAAAI UAAIAIFUT
5 - 31 ANUAUNVEMLIITIANVRLBINE SR EaduATIERINVETNAERAN ND9AINITEN
WBLNAINIATFIUUAAIRIFUN 5 - 28 DagUl 5 - 30 Wudi YeRedaindauddsunlasniy
< = v & a a Y o oo A o ¥ o 4{'

A1UL5Y BeannIINAINALBNEININIadaatl tsrarursadiunldvituneie
a v a & a & ayy = a v a & a & a
TUAUNTAAT NG (SOI) VaUTONEILA F99nTUAUNTITAALTINGS (SOI) VaRTBINE
ALEAFIATIENIINVELNANERN LARIAINITIN 5 - 2 LoeaLSuAUNITRARLNERaATIons)
N3anFBLNAIAI1NIANTT 0 mg/degree L TUATILIA IINATNABDULATDIBUATIDIAINTAN

& a i = a a & a | v o = =
Walndawnsgnu wud luuensdlaziinis@awemasaesyistuingdnsiediu Faudunaun
nnsiiaaduluvedwiuemaedwalinnuiiluiodiudsindanduazasdudn
ATI9ULAY N31A1 Opening Pressure vawidailuasiass dwaliomagnineeniudn

Assluigdnsineniu

- a v a & a - s A =1 a o
M7 5 - 2 Aglansgalsuaun1laieaindsvesaieseudide e wiea
duA31299NVBZNANERN WU NAUSITOUAITIVDLATOILUATALTUAUNISEALTDINEG DY

AN wazllamaTITeULILTY YAsusuNsEnemAsiualdud lndaudneuunniu
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PN o/ cglj a a Y v a 491} a a [ L3 a =
E‘U‘Vl 5 - 28 AUAULYDLNAINNIUVINIRAVDIAYDNAIALYAFTUATIENINNVYSWAEHN N

1400 rpm A15¢ 11, 23, 35 N-m UagNSegeannIuannu

JUT 5 - 29 ANUAUABINGINNGITIEATe TR NAAwadATIZNYENANERN 7

1700 rpm A15% 11, 23, 35 N-m UagNSgeannIuanfu
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PN o/ cglj a a Y v a 491} a a (% L3 a PN
E‘U'Vl 5 - 30 ANUAULYDLNAINNIUVINIRAVDIVDLNAIALYAFTUATIZNINNVYSWAEHN N

2100 rpm M5% 11, 23, 35 N-m UagA13egagnnuansu

Fuel Line Pressure

100

80

60

L

Pressure (bar)

20 4o A

-18 -16 -14 -12 -10
CA (degree)

N o | ~ o A Y o oa A a a & a
EU‘W 5 - 31 @79819N15 U8 ULUAIAMUAUNNONINUUIMIRALUBIANNLAANITRALYBLNGS
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MITNN 5 - 2 ATUAUNTRAINGIRLATUATIRIIN VL NANEARN

Speed | Torque SOl
rpm Nm CA
11 -16.0

1400 23 -16.0
35 -16.0

Full load | -16.0

11 -16.0

1700 23 -16.0
35 -16.0

Full load | -16.0

11 -14.0

2100 23 -14.0
35 -14.0

Full load | -14.0

5.3.2.2 N3ALAIMSASINSENTemAT (Fuel injection rate)
nsfuaAdnTInsindomasildlaslddoyanuduiivenadiiidam
furulagldaunisi 3 - 9 ﬁ]’mgﬂﬁ 5 - 32 895 - 34 Feuanedsnnsinveadomasiiva
FUATIERINVETNAIERN WU ﬁﬂmm%ﬁaumﬁLﬁmf‘ﬁ’uw'%'uéfumsam%aLwéq%mﬁ

wazlilasunUadnun1sEAISNaaUNLALYY

5.3.2.3 M3AuImUTIIaN1sanateinaadnins
USunauns@aiiamdwmaingdnsveatemndsiwadunsiziainvesnaiasin Nedr1n1s
ATONEWINTFIU Teuandlunisned 5 - 3 aunsamlaanmsauuiuilanswyesns

N13RALTBLNET WU LWRNAIRwadIATILINTEsNAERNTIUTUIMN1SRAmANaT) NS

'
o

A1aA9l 6.656 mg/cycle N1MINUEITOU 1400 50U/UN9 A58 14 Nm Uazgedndl 20.120
- c:, = =t DAY kY = & a

mg/cycle NAIALIITOU 1400 T9U/UM NIILEIEA FIADAARDINUIATINITAULUADILTDLNGY

ialangunsal lneimnudiseumntuulinanisdademdwedginsaziintuiieniss

a X a v a & a ~ = A A a X
LWHUU I@ﬂf\]‘@Lﬁllmlﬁniﬁ@lLEUE]LW@QQ%QJ?‘HV’NWLLagluLUa‘EJULLUaQmflllﬂ’]iﬁﬂ’lﬁ/lﬂﬁ@lmLWllsUu
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JU 5 - 32 danisaawiamaealiomadwiwadunsieiainvegnanadin 91 1400 rpm

sy 11, 23, 35 N-m WagNN5aeanmuany

U 5 - 33 damnisaadiamaealiomawiwadunsieiainvegnanadin 71 1700 rpm

A5y 11, 23, 35 N-m WagN5egeanmuany
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JUT 5 - 34 dansaawiamawealiomadwiwadunsieiainvegnanadin 91 2100 rpm

Ase 11, 23, 35 N-m WagNN5aeannuany

a 2 a d’lJ a I v W dy a a o L4 a
M5 5 -3 LLﬂ@Q‘UilI’]ZL!ﬂ'ﬁQ@LGZJE]L‘Wﬁﬂ@@’égﬁ]ﬂi%@ﬂL“UaL‘WEN@L"'Zjaﬁﬂmi']gﬁ/iﬁ]’]ﬂﬂ&l%wa?ﬁ@ﬂ

Uhinunmsdademaateining
Speed | Torque dmf/dCA
rpm Nm mg/cycle

11 6.656

1400 23 10.119

35 13.847

Full load 20.117

11 6.812

1700 23 10.422

35 14.894

Full load 19.119

11 7.031

2100 23 10.817

35 15.037

Full load 20.120
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5.3.2.4 Yoyaanusiuluvioawlugd
SUT 5 - 35 Fagudl 5 - 37 wansmnuduluvoanndvesadossudidleldidoinas
Aladuaszinnuognatain fesmnisdadoimdanasgiu nui yngemadeuiinanus:
sounsii arwiilufossnlndigaanimaduniunissmsnaaouiigatu WesnUiinmnis
Andomdstetninafiniu lnenusiluionsniaanvonaiessuddlelfidomasiion
HuesesinnuegnarainiAnluiinudaseu 1700 rpm anszgean Tasdareuduluies

W lngl 82 U

Poyannusulueannlndtdazgnirluldlunisinseideyasiie 9 wWu §nsnis

Yanldesmuieu n1svanvaseainuiouans dadiuniswnlndiiainds nisuduway

rAuaANITE gl Fa1TnN15ensEilnuastaIaInI s b

9 9

JUN 5 - 35 anuduluriosrnnduesdeindsiaduasisviannveenatain 1 1400 rpm

A5y 11, 23, 35 N-m WagN5egeaanuaiy
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JUN 5 - 36 anusuluriesrnvdvesdeindsiaduasizviainveenatain 1 1700 rpm

sy 11, 23, 35 N-m WagNN5aeanmuany

JUN 5 - 37 anwdulurisanniivesdeindsiiwadunsiziannveynanasin 91 2100 rpm

A5y 11, 23, 35 N-m WagN5egeanmuany
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M50 5 - 4 enuduluvisanndgegavesdomaniwaduasiziainvesnaiain

Anuduluipamlndggn
Speed Torque Pressure aCA
rom Nm bar
11 65.9
1400 23 74.1 8
35 81.5 10
Full load 80.4 12
11 70.9
1700 23 76.4
35 79.2 8
Full load 82.0 10
11 63.5
2100 23 70.0 8
35 72.0 10
Full load 73.8 12

5.3.2.5 M3AuumMenINsUanUdeendaveudeinis (Heat release rate)
NsAIUMEnTINIsUanlasendwentemdsaunsailalagldtoyaniuduly

VeunlndunmuIniiendnsnsUanlasendanunn q ssrmaidenie

N1NDNITINISUABYAINUSDUYDITBINAIALIAANLATIEMINNVETNAERNLTIBUNU

[
a A

Woundafwaraly uanadsgun 5- 38 fegui 5 - 40 Fudunanliarnnisiuinmiuaunsy

3 - 6 991NN EnIINITUaesAINTauazinlnTuigalsuAun1swIug (SOC) wag

nAuganswlung (EOC) wavanunsatlumuiaumidansnlug (Burn Duration) la

=

JUT 5 - 38 fe3U7 5 - 40 wansdnsn1suaesauiouvsuenawieadunsizy

Y
INVYENAFANTNDIAINITAAWDNFNINTFIU WU BRTINTUADEAIINTOUGIANVDI
AR U B BINAIRwaFUATIERINVEENaIaRN Iz aE Y9909 Mixing Controlled
Combustion wnu 3119zinaINNsITBmAndneenuuianisunniluazes eyl
U dy a (% = -] ra ! Y ! [ ] .
nMsHENA U LTaNasTUsINIARWIla iR dwmaliensinisuanuninuieutis Premixed
Combustion Phase #1n11%24 Mixing Controlled Combustion

=

FruInveInTIgnIInIsUaseauseuazanatiuidniles Wesanwemadionm)l

]

sndwieanngd vivlindsnudiunilsneglureaninddiunignldluiunmsiiivgamagd

TduWwawnas wazasuanuzdawmaslivnatadule
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M13199 5 - 5 wanedns1n1suaesauiouasgaveunseudliieldivenahiea
duAT12MNVEENAARANTIDIAINTAATDNEININTFIU WU BRTINTURBEAINSBUEER
YDUTBNAFITAFIATIZIIINVEENANERNTIANEER 55.5 J/degree NIANMLEITAY 1400 rpm

ATEIEn

JUN 5 - 38 dnn1sUdegAnuseuveLdandsRigadauasisiainvernatain 7 1400 rpm

n15¥ 11, 23, 35 N-m UazNSegedanIuany

JUN 5 - 39 dnsn1sudegauTeureLdaInasRgaduATIZINYEENATERA 1 1700 rpm

A5y 11, 23, 35 N-m WagNN5egeannuany
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JUT 5 - 40 dnsinsudesanuiourendanisiiwadunsiziannvegnatasin 1 2100 rpm

A1s¥ 11, 23, 35 N-m WagAN5aeannuany

A5 5 - 5 8n91n15UdoeANTaUgIEnTR LT BINGRAd AT IZIN YL HATERN

9n3IN15UdREANUTIUAER
Speed Torque dQ/dCA aCA
rpm Nm J/degree
11 23.8 8
1400 23 34.1 12
35 46.6 12
Full load 55.5 14
11 28.5
1700 23 36.5
35 43.3 10
Full load 51.9 14
11 31.5 12
2100 23 40.5 10
35 46.0 12
Full load 50.9 12
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5.3.2.6 miﬁmummﬁﬂﬁaﬂmm%fauzjm%suau%aLwaa (Accumulate of heat
release )
nsfuumnUdesmnufeugvsvendomasansavléanaunisi 3 - 7 vide
funalldannsduinsamiuilénamsnsnsantdesaudou lnsnsmnisudesanny
Sougvivendomdsnhiufwadainmeinuesnanain uansiagudl 5 - 41 feguil 5 - a3

M5 5 - 6 UWagguin 5 - 41 QegURl 5 - 43 wanan1sUdeenUTougVBYRABINGS

=Y

AR UATIENINVILNANARN NBIAINITAATDNEININTFIU WU LD UATD LT BINES
a (% L4 a A a dy a J a1 d‘
AlradiATEiaInveENaIaineA1N1TAAWeINEININTEIU WUl dAgean 1345.1 J 9
< A a d' < = [ ' ¥
AN5I5BY 1700 rpm A15¥Ean Uazlilefinnsaniiainuiiseuliednunisudesninusou

gvsveuTamAIrlainTwliensray Fulunuunanysunandemadildunniu

JUN 5 - 41 mMsUaeeAuSougvsvesaIndsnlgadunsgiaInvesnatadin 91 1400 rpm

A5y 11, 23, 35 N-m a5 geannuaiy
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JUN 5 - 42 myUaeeanuiouansvesdeindsiigaduasigiainvesnatain 91 1700 rpm

As¥ 11, 23, 35 N-m WagNN5aeannuany

JUN 5 - 43 mMsUaruAuSougvsve slaIndsRlgadunseRIInveEnatadn 91 2100 rpm

A5y 11, 23, 35 N-m WagN5egeannuany
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M15NN 5 - 6 MIUaRyANNTIUANEUDITRLNARLTAFIATIZIINVE T NAERN

nsUdeumnuiouans
Speed Torque Q
rom Nm J
11 443.0
1400 23 713.6
35 980.6
Full load 1336.7
11 501.2
1700 23 762.6
35 1027.9
Full load 1345.1
11 552.9
2100 23 810.9
35 1080.2
Full load 1338.1

5.3.2.7 ANSANUIUMEREIULIALTDINA NN bAsT
ASANUIVNANEIUNITHNN ILIVD AT BLNAIANNNTOAIUIUMNANNEUNTTN 3 - 8 Lag
£ | 4’4’ a Ql' ¥ r-glj a ’é v a v 'S a

nsmdndruniadomdiinnndveatomdnihfufiwadunmeianvesnaain uandlugy
5 -44 faguin 5 - 46

JUN 5-44 §93UN 5-46 wagn15199 5 - 7 uansdndruiiatomdainnlndves
d’lj a a [ 'S a 1 = @ 1 a o |
WDLNAIRLYAFIATIENANNVLENANERN WU NA2IULST 1400 SBURBDUNT AREIUNIA
X a A o A ¢ v & a a o ¢ a Al
Wolnasnw inslvewnseseumla gt ama s wadansiziannvesnalainian 0.732 -

(%
¥ A

0.780 M1AU157 1700 SOUMUNT dndluinalaindsnenlutivensoseudiilaldidamas

)

[ 1

ﬁlfdafﬁLﬂiﬂzﬁmﬂ%zwmaaﬂﬁf-’h 0.752 - 0.854 ﬂ'J']ﬂJL%'J 2100 ﬁ@UC‘]‘@uq‘V] GIGERNEERLG
& a a % d' s v & a a Y] ¢ a a
LSUE]LWﬁQV]LN'{LVlIGUENLﬁﬁENEJ‘LW]LM@I%L%@LW@Q@L‘(jaaﬂLﬂi?%ﬁ%qﬂmﬂgwaqﬁﬁﬂﬂﬂq 0.732 -

0.866 afiuandlumsad 5 — 7
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o 1

JUN 5 - 44 dadrunawamddisnindveademdstivadunieiainvesnanadin 9 1400

rom A15E 11, 23, 35 N-m Uagn5egeannuany

o 1

JUN 5 - 45 dndruanawamndsnnivdueaiomdsnwadanseiainvegnatain 9 1700

rom A15e 11, 23, 35 N-m Uagn5egeannuany
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AN5197 5 - 7 dRd1ULNa AN v et ol n A ad LATIZNANN VLT NA RN

o 1
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& a o & a a o ¢ a 4
aﬂmuu’salﬂjaLW@WILN’]IMMJENL%@LWN@L%aaﬂmiww"\]’mmﬂzwmﬁmﬂ N 2100

rom A15e 11, 23, 35 N-m Lagn5egeannuanny

Fdudemdsiiwlnd
Speed Torque WPOSD
rpm Nm Xb

11 0.733

1400 23 0.776
35 0.780

Full load 0.732

11 0.854

1700 23 0.806
35 0.752

Full load 0.775

11 0.866

2100 23 0.825
35 0.791

Full load 0.732

5.3.2.8 MYAATILINIIAETUAULAEIRFUAANTITIN L

NTBATIEANIPASUAULAY

AU

q

q

amsinlnivinldlagiiansandeyanusiuluries

vl Gagaisudum s lvditzanunsagliaingnsinisdsuiuasmnusulviviedsnlvgiay
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[

fudugegndnasmaanInmMsasuwlainuiuieninnsdndemas Jsazdugaiiendiy

[y

A o ! v & a = LY a1 & a & v =
U@ﬂﬂ@ﬁﬁ’]ﬂ’ﬁﬂaﬁﬂa’EJEJ‘W’ﬁ\N’m“UENLGUE]L‘Wﬂﬂﬁm‘ﬂﬁﬂanﬂiJﬂ’]LU‘lJU’lﬂ@ﬂﬂﬁﬂ'Via\W’]ﬂ’sjiyJLﬁEJ

—

ndsluszuuliiuidomdsignandngssuy

m137991 5 - 8 uansaEUFuLazRALaan s lndve e nAsiwadansizsiann
Ygrwanain wuih msiansdadeimasdrdriiuuiliufiesilrgaisudumannlviidlnd
AuneuLIINIY uasidieanuiisevteaossuiintuardamaligaisudunism i
wulthndlndaudmeuuaniu luduvesgedugansunindaglddmiunsfinsaniion
a5t vl

PITNN 5 - 8 PATUAULALINAUAANITHNIVBUTBLNG IR BT UATIINVE T NANARN

Torque WPSD
SOC EOC
Nm CA CA
11 -6.0 30.0
23 -6.0 34.0
35 -6.0 42.0
Full load -6.0 60.0
11 -6.0 30.0
23 -6.0 38.0
35 -6.0 56.0
Full load -6.0 72.0
11 -4.0 36.0
23 -4.0 38.0
35 -4.0 66.0
Full load -4.0 76.0

5.3.2.9 ¥33a111n139n3¢L00 (Ignition delay)

a

SUl 5 - a7 wanatsadlumsgasndn FeanunsomldansseznadusiynEudy
Inidendsdgadufunsunind uasuansdamamiiviveademas (Bun Duration) 39
anmnsomldnszeznarusiyaSusumann iuiaduaaniawnlvl veademaiiea
fuaszianugewaiadin nudl drdrdilunsinssdavenadeseudidelfitemasiien

dunsgnanvegnarainilawviniuae 10 CA 1013¢ 11, 23 uag 35 N-m Uavn15egegn
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Ignition Delay 1400 rpm

(c) 1400 rpm

s 4
o

Bllgnition Delay

Ignition Delay ,Degree CA
o
o

[N
o

=4
o

25% 50% 75% 100%

Load, %

Ignition Delay 1700 rpm

12.0

100 (b) 1700 rpm
4.0 Blgnition Delay

2.0

Ignition Delay ,Degree CA

0.0

25% 50% 75% 100%

Load, %

Ignition Delay 2100 rpm

12.0

10.0

. (a) 2100 rpm

4.0 B gnition Delay

Ignition Delay ,Degree CA

20

0.0

25% 50% 5% 100%

Load, %
= \ |y a & a a o ¢ a a <
E“LJ‘V] 5-47 “U’Nﬁ']?ﬁ'ﬂ‘h!ﬂ’]iﬁ!@ﬁ%L‘UWUEJ\‘ILGUEJL‘Wﬁ\‘i@L‘Uaﬁﬂmi’]wﬁﬁﬂﬂ‘ﬂﬁwwa’m@ﬂ NAIULIITBDU

(a) 1400 rpm (b) 1700 rpm (c) 2100 rpm

5.3.2.10 9015 lsivaadama@s (Burn duration)

SUN 5 — 48 han999n15N U BT ONEAT WU LATBIEURLL B LY LY L NA IR LA

Y
duasizinaeznatadnfuuildudululuiianiadeadu nanafie fanusiseuad
Y3985 e VU ANTEN IAFRULINTY 1B NUTIaTeInAWAnNgriad
wAlndiNunTu Bnanmavils oraluinszesduseneuveuteindshivadunsziainvey

= o

NanaRnPaldndluvesdamanseiedentesdaldszeziianlunisn sinuiudu



70.0
60.0
50.0
40.0
30.0

20.0

an duration ,Degree CA

@ 100

0.0

100.0

Burn duration ,Degree CA
o
3
°

100.0

urn duration ,Degree CA
o
8
°

Burn duration @ 1400 rpm

25% 50% 75% 100%

Load, %

Burn duration @ 1700 rpm

25% 50% 75% 100%

Load, %

Burn duration @ 2100 rpm

25% 50% 5% 100%

Load, %
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(a) 1400 rpm

E3 Burn duration

(b) 1700 rpm

[ Burn duration

(c) 2100 rpm

[ Burn duration

PN | o & a a o ¢ a  a <
EULV] 5-48 ?J?Qﬂ’]iLNWIViiJ‘UENL“UEJL‘WEN@lejammi’wwmﬂ%%wa’lﬁmﬂ NAINULIITOU

(a) 1400 rpm (b) 1700 rpm (c) 2100 rpm
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1INTFIU 1SO 3046 MAEITOITUNITNAGDUATOIEUA [27]
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 liquid or gaseous for particular engine

applications.
n.2 Field of application

This part of ISO 3046 covers reciprocating internal combustion engines for
land, rail-traction and marine use, excluding engines to propel agricultural tractors,

road vehicles and aircraft.

This part of ISO 3046 may be applied to engines used to proper road construction
and earth-moving machines, industrial trucks and for other applications where no

suitable International Standard for these engines exist.
n.3 References

ISO1000, SI units and recommendation for the use of their multiples and of

certain other units.

ISO 1204, Reciprocating internal combustion engines - Designation of the

direction of rotation.

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

Engine tests.

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 those of the International System of Units (SI Unit)

described in ISO 1000.
n.4.2 The general engine terms used are as defined in ISO 2710.
N.5 Standard reference conditions

For the purpose of determining the power and fuel consumption of engines,

the following standard reference conditions shall be used:
Total barometric pressure:
P, = 100 kPa
Air temperature :
T, = 300 K (27°C)
Relative humidity :
¢, = 60 %
Charge air coolant temperature :
T = 300 K (27°C)
If other reference conditions are chosen, these shall be stated.
NOTES

1. Relative humidity of 60% corresponds to a water vapor pressure of 2,133 kPa (16

mmHg) at a temperature of 300 K.
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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.

N.6. Auxiliaries
N.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

category of engine components.)

N.6.2 dependent auxiliary : Item of equipment, the presence or absence of

which affects the final shaft output of the engine.

N.6.3 independent auxiliary : Item of equipment which uses power supplied

from a source other than the engine.

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 auxiliary : Item of equipment which is not essential for

the continued or repeated operation of the engine.
N.7 Declarations of power
N.7.1 Introduction
N.7.1.1 Purpose of statement of power

Statements of power are required for two main purposes:



132

a) The declaration by a manufacturer of the value of the power which his
engine will deliver under a given set of circumstances. This declared value 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:

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).

¢) The kind of power (see 7.3).

d) The corresponding engine speed.
NOTE

1. The term used in a) to ¢) may be combined, for example, continuous net brake

fuel stop power.

2. Where appropriate to the engine application and the method of manufacture, the
power achieved may be subject to a tolerance on the declared power. The existence

of and its magnitude shall be stated by the manufacturer.

3. Measurement of the powers referred to in this International Standard shall be

determined in accordance with ISO 3046/2.
N.7.1.2 Unit of power

Power shall be expressed in kilowatts (kW). The addition of the equivalent

metric or imperial “horsepower” is permitted for a transitional period.
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N.7.1.3 Power and torque

For engines delivering power by a shaft or shafts, any power in this
International Standard is a quantity proportional to the mean torque, calculated or

shafts transmitting this torque.

For engines delivering power other than by a shaft or shafts, reference shall be made

to the appropriate International Standard for the driven for the driven machine.
N.7.1.4 Engine speed

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.
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 developed in the working cylinders by the gases on the

combustion side of the working pistons.

N.7.2.2 Brake power

The power of the sum of the powers measured at the extremity of the

engine driving shaft or shafts.

n.7.2.2.1 Any statement of brake powers shall be supported by the

following list of auxiliaries :

a) essential dependent auxiliaries as defined in 6.2 and 6.4,
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b) essential independent as define in 6.3 and 6.4;
¢) non-essential dependent auxiliaries as defined in 6.2 and 6.5.

The power absorbed by the independent and the non-essential dependent
auxiliaries may be significant, in such cases, their power requirement shall be

declared.

Note - Examples of typical auxiliaries are listed in annex A for guidance purposes.

These lists are not necessary complete.
N.7.2.3 Net brake power

The brake power measured when the engine is using only the auxiliaries

listed in 7.2.2 a).
N.7.3 Kinds of power output
N.7.3.1 continuous power

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.
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 corresponding to the engine application is permitted for a period of 12

hours of operation.
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NOTES

1. The power of marine main propulsion engines is normally limited to continuous
power, so that the overload power cannot be given in service. However, for special
applications, marine main propulsion engines may develop overload power in

service.

2. If the engine application is not determined, the engine manufacturer shall specify

the overload power and the corresponding engine speed.
n.7.3.2 Fuel stop power

Power which 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 stop power cannot exceeded.
N.7.4 Kinds of statements of power
n.7.4.1 1ISO powers
n.7.4.1.1 1ISO power

Power determined under the operating conditions of the manufacturer’s test

bad and adjusted to the standard reference conditions in clause 5.
N.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:

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;
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) the maintenance prescribed by the engine manufacturer being carried out.

N.7.4.2 Service power

Power determined under the ambient and operating conditions of an engine

application.
To establish service power, the following conditions shall be taken into account:

a) the ambient conditions, or any nominal ambient conditions according to
the special requirements of inspecting and/or legislative authorities and/or

classification societies, as specified by the customer (see clause 12)
b) the normal duty of the engine;

) the expected interval between maintenance periods;

d) the nature and amount of the supervision required;

e) all information relevant to the operation of the engine in service (see

clauses 12 and 13).
N.8. Declarations of fuel consumption
n.8.1 Definitions
n.8.1.1 Fuel consumption

The quantity of fuel consumed by an engine per unit of time at a state 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.
n.8.1.3 ISO specific fuel consumption

The name given in the specific fuel consumption at the ISO standard power.
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If not otherwise specified by the manufacturer, a declared specific fuel consumption

shall be considered to be the ISO specific fuel consumption.
n.8.2 Reference calorific value of fuels
n.8.2.1 Liquid fuel engines

The declared specific fuel consumption of a liquid fuel engine shall be

related to a reference lower calorific value of 42,000 kJ/kg (10,030 kcal/kg).
n.8.2.2 Gas engines

The declared specific fuel consumption of a gas engines shall be related to a

stated lower calorific value the gas. The type of gas shall be declared.

N.8.2.3 Specific fuel consumption declarations
The specific fuel consumption of an engine shall be declared at :
a) the ISO standard power;

b) (if required by special agreement) at any other declared powers and at

specific engine speeds appropriate to the particular engine application.

Unless otherwise states, a deviation of +5% is permitted for the specific fuel

consumption for the declared power.
N.9. Declarations of lubricating oil consumption 1 Lubricating oil consumption
N.9.1 Lubricating oil consumption

The quantity of lubricating oil consumed by an engine per unit of time. This
quantity is used for guidance. It shall be expressed in liters or kilograms per engine

operating hour at the declared power and 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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n.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) :
Py = aP, (n-1)
a=k—0.7(1-k) (ni — 1) (see note 2) (n-2)
_ Px—adpxpsx m E n h d _
k _(pr_aq)rpsr) (Tx) (Tcx) (ﬂ 3)
N.10.2 In the case of turbocharged engines in which the limits of turbocharger
speed and turbocharger turbine inlet temperature have not been reached at the

declared power under standard reference conditions, the manufacturer may declare

substitute reference conditions to or from which power adjustments is to be made.
The following formulae (4) and (5) will then be used instead of formula (3)
_ (Px M \? T\
k=(3) &) @) -

P.. = P. x ( T ) (n-5)

Tmax

Where :
P, is the brake power;
pr is the standard reference total barometric pressure;
Psr i the saturation vapor pressure under standard reference conditions;
¢, is the standard reference relative humidity;
T, is the standard reference absolute air temperature;
T., is the standard reference absolute charge or coolant temperature;
P.; is the substitute reference total barometric pressure given by formula (5);

Ty, is the substitute reference absolute air temperature to be stated by the

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

conditions to be stated by the manufacturer;

Tmax 1S the maximum available boost pressure ratio to be stated by the

manufacturer;

a is the power adjustment factor;

k is the ratio of indicated power;

Nm is the mechanical efficiency (see note 4);

P, is the brake power under the conditions being considered;
px is the total barometric pressure condition being considered;

Psx is the saturation vapor pressure under pressure the conditions being

considered;
by is the relative humidity condition being considered;
Ty is the absolute air temperature being considered;

Tex is the absolute charge air coolant temperature at charge air cooler inlet

being considered.

The factor a and exponent m, n, and g have the numerical value given in table 1

(see note 5).

NOTES

1. For the convenience of users of these formulae, reference may be made to tables

and nomograms in annexes B to 0, which also include numerical examples.

2. When the ambient conditions are more favorable than the standard reference
conditions, the declared power under the ambient conditions may be limit by the

manufacturer to the declared power at the standard reference conditions.

3. If the relative humidity us not known, a value of 60% should be assumed in

formulae references A, E and G in table 1.
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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 1 is applicable.
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:

by = Bb, (n-6)

QRI=

where B (n-7)
where:

b is the specific fuel consumption

B is the fuel consumption adjustment factor

a is the power adjustment factor (see 10.1)

k is the ratio of indicated power (see 10.1)
Subscript r corresponds to values under the standard reference conditions.

Subscript x corresponds to values the conditions being considered.

NOTE - For the convenience of users of these formulae, reference may be made to
the tables and nomograms in annexes B to 0, which also include numerical

examples.
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Engine type Condition Formula [Factor| Exponents
referencel a m| n |q
Power limited by A 1 1 10751 0
Non - air excess
Compression | turbocharged | Power limited by B 0 1 1 0
ignition oil thermal reason
engine and | Turbocharged
dual-fuel |without charge Low and C 0O |07 2 |O
engines air cooling medium speed
Turbocharged four-stroke
with charge engine D 0O |07| 121
air cooling
Spark ignition Non - E 1 1086|056 0
engines turbocharged
using Turbocharged |Low and medium
gaseous fuel | with charge |speed four-speed F 0 |[0.57|0.55(1.75
air cooling engine
Spark ignition
engines Naturally G 1 110510
using aspirated
liquid fuel
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NOTE - 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 any 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 1 will be

extended to include other types when sufficient are available.
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

therefrom.

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

corresponding engine speeds.
c) Site conditions

1) Site barometric pressure (highest and lowest reading available; if no

pressure data are available the altitude above see level).

2) The monthly mean minimum and maximum air temperatures during the

hottest and coldest months of the year.
3) The highest and lowest ambient air temperatures around the engine.

4) The relative humidity (or alternatively the water vapor pressure or the wet

and dry bulb temperature) ruling at the maximum temperature conditions.
5) The maximum and minimum temperature of the cooling water available.
d) The specification and lower calorific value of the fuel available.

e) Whether the engine is to comply with the requirements of any

classification society or with special requirements.

f) The probable period for which the engine will be running continuously, and

the duration of maximum and minimum load.

g) Any other information appropriate to the particular engine application.
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N.13 Information 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.

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.
) The direction of rotation (see I1SO 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 turbocharged and whether with or without

charge air cooler.

f) The quantity of air required for the operation of the engine for:
1) Combustion and scavenging;

2) Cooling and ventilation.

g) The method of starting, apparatus supplied and additional apparatus

required.
h) The type and grade of lubricating oil(s) recommended.

j) The type of governing, with speed drop of required (see I1SO 3046/4 and ISO
3046/6).

If for variable speed duties, the working speed range and the idling speed.
If necessary, the critical speed range shall be indicated.

k) The method of cooling and the capacity of the cooling system with the

rates of circulation of the cooling fluids.

m) (From air cooled engines only.) Whether hot air discharge ducting can be

fitted.
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n) A schedule recommended maintenance and overhaul periods.
p) Specifications and lower calorific values of fuels recommended.

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

maximum permissible intake depression.

r) Any other information appropriate to the particular engine application.
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A15INDAINIS MAYRIINTARIEAS Air Box Method [28]

mMytngnsinisivavesoniameds Air Box Method WWunisinlaelduniueaiiley
Usenauiudaine na eieineIn1AIsyIeann1Ineauya0INMANIONAARNTIIENIT

Mnuveuateteud vilenianlvaniueeiieilisnsinisivanadiaueaansainaueiy
anAsaulAgnABINTY

YUIALFUHIUANENA1 DN LRI TIRlAEUTEIN NENTINTINERA19T WARIFINITI
-1

F1579 -1 UanuInduRugudna1avetessiielag Ussnaiignsinistnaiieg

Orifice Diameter (mm.) | Air Flow Rate (m?/s) | Mass Flow Rate (kg/s)
10 0.002 0.002
20 0.008 0.009
50 0.048 0.057
100 0.19 0.23
150 0.43 0.51
4 .
R

g“dﬁ Y-1 LAAININNITIADNIING MaveI1n1AlaeAS Air Box Method [27]

ANGUUENINITINATBIDINANTULAY Orifice Plate

ANNYNLERNININ Orifice Flow Meter
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Usnnsvesdenidniianiiasiniliiianisnsuitenveserniailva lagninszilag
Kastner [27] pianns (v-1)

417x10°K*d?
Vb = 2
N.Vgn

min

(v-1)
el V,  fie Usumsdainenniaidniign (m?)

K A9 AN AWMU 1 @NVSULATDIEURN 2 3993 LAY

- ] LY

a = ¢ @
dAwiniu 2 dmTuiaTeseud 4 Jamy
d Ao LduruAUdna1aYes Orifice Plate (m)
Ne A9 9103UNT8UaNaUYDLATOEUA

Vs Ae Usunsedngngu (m?)

4 I

2 3 cs' 5
Nmin A9 AULTITOUATDIWUATIUDENEA (rpm)

9

aunRleniedilvasiiu Orifice Plate Wuvedlwadndlilél (ncompressible Flow)

Wagin TR UNUIRILYEIINIAAT  INANN1TUDTUAE A¢lAan

V2 V2
e L (9-2)
Yair 2g Yair 28
lne?l p Ao AU (kPa)
& <
\ AB AULIIDINE (M/s)
Yair A0 dmtindumigweeinia (kg/m’s?) = P g

Pair  AD AMIUAUILUUVDIDINTA (kg/m?) AU 1.165 kg/m> 91 30°C
z g TEAUAIINES (M)
g A ArALaLlosanLssltuaasvedlan (m/s?) windu 9.807 m/s?

PUELAR HIT0Y 1 LAY 2 ADFIWALIEN1IE 1 wag 2 tusU 9-1 977 AU
q Y

o (%
Y

Weananne 1 1usiniedls LLazﬁqaaqam:}3a§ﬂussﬁummgaLﬁmﬁu AU

19AMNLEIVDIDINE PNUANNITN (V-3)

(v-3)
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n1skuaniu Orifice 9¢4Ain Vena Contracta @39gyinlinisiuadsetosniimguiaue

A UIDAANTS AL UUAED A2 PDRMSINSIAALAELIATDIINA AD

m, = CpopPairvAo (v-4)
Tned Cpo A8 Discharge Coefficient v89 orifice plate
Ao  ARIUIRMURY Orifice (M?)

N3IANARI9AULSURNATEY Orifice Plate aginlaaltuluaiiwas F9azlaan Head

Tuniig mmH,0 FsanansaiumunamRas1srLsuanAsey Orifice Plate T9anaunis
Ap = py,0gAh (¥-5)
Tnefl  Ah e wase Head Fi9uldainunuefivnas (mmH,0)
PH,0 A8 ALY (kg/m?) Wirdiu 997 kg/m’

Wehaunis (v-3) wag (¥-5) uwnuadluaunis (@v-4) azlaaunisniiluldau fAe

m, = CpoAo+/2PairPH,084h (v-6)

AIUUINNAUNTT (U-7) WaE (V-8) LANUNTONIONTIAIUNFUTDLNAIFDDINA LAY

Equivalent ratio laanaunisassaludl

F/A - prV/t 97
/ CpoAo0+/2PairPH,0gah -7)
Equivalent ratio = E/8) (v-8)

"~ (F/A)s
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ANMARNUEIN A

1NASFIUNTNAFDULATBSEURA ESC Test Cycle[26]
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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 replaces the R-49 test. The engine is tested on
an engine dynamometer over a sequence of steady-state modes (Table 1, Figure 1).
The engine must be operated for the prescribed time in each mode, completing
engine speed and load changes in the first 20 seconds. The specified speed shall be
held to within +50 rpm and the specified torque shall be held to within +2% of the
maximum torque at the test speed. Emissions are measured during each mode and
averaged over the cycle using a set of weighting factors. Particulate matter emissions
are sampled on one filter over the 13 modes. The final emission results are expressed in
g/kwh.

During emission certification testing, the certification personnel may request
additional random testing modes within the cycle control area (Figure 1). Maximum
emissions at these extra modes are determined by interpolation between results

from the neighboring regular test modes.

m Engine Speed Weight factor, % m
4] 15

1 Low idle 4 minutes
2 A 100 8 2 minutes
3 B E0 10 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 9 2 minutes
9 B 25 10 2 minutes
10 C 100 8 2 minutes
11 cC 25 5 2 minutes
12 c 75 5 2 minutes
13 C 50 5 2 minutes
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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 maximum
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)
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C = nlo + 0.75(nhi - nlo)

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 standards apply to all motor vehicles with a
“technically permissible maximum laden mass” over 3,500 kg, equipped with

compression ignition engines or positive ignition natural gas or LPG engines.
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Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conwv.

speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX Tx k a B mf P Px sfc nf Ex oT | wr
(rpm) (N-m) (kPa) (@) (K) kg/m3 kg/s (ke/br) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1000 45.1 100.7 34.3 | 307 | 0.983 | 0.980 | 1.003 1.141 0.005967 1.341 4.72 4.82 46.0 283 28.3 563 93 87
1200 ar.7 100.9 33.1 | 306 | 0.989 | 0.987 | 1.002 1.148 0.007815 1.602 5.99 6.07 48.3 267 30.1 600 101 94
1400 50.4 101 33,0 | 306 | 0.990 | 0.988 | 1.002 | 1.150 | 0.008835 | 1.852 7.39 7.48 51.0 250 32.1 627 102 93
1600 49.5 101 349 | 308 | 0.984 | 0.981 | 1.003 1.140 0.010402 2.090 8.29 8.45 50.4 251 31.9 647 103 97
1800 48.4 100.9 | 37.0 | 310 | 0.976 | 0.972 | 1.004 | 1.135 | 0.010737 | 2.359 9.12 9.38 49.8 257 31.2 664 104 98
2000 45.5 100.9 373 | 310 | 0.976 | 0.971 | 1.004 1.132 0.012454 2.386 9.53 9.81 46.8 249 32.2 677 106 98
2200 43,5 101.1 | 36.0 | 309 | 0.982 | 0.978 | 1.003 | 1.139 | 0.012625 | 2.545 10.02 | 10.24 a4.5 253 31.7 663 107 95
2400 36.8 100.8 | 30.4 | 303 | 0.997 | 0.996 | 1.001 | 1.157 | 0.013366 | 2.533 9.25 9.28 36.9 274 29.3 655 100 92
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Relative Correction fuel Corrected Fuet Temperature
Air Air Power Conwv.
Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water
pX Tx k o B mf P Px sfc nf Ex oT | WT
(rpm) (N-m) (kPa) (@) (K) kg/m3 kg/s (kg/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1000 45.1 100.7 343 | 307 | 0.983 | 0.980 | 1.003 1.141 0.005967 1.341 4.72 4.82 46.0 283.1 28.3 563 93 87
1000 40.2 100.7 34.4 | 307 | 0.983 | 0.980 | 1.003 1.142 0.006580 1.039 4.21 4.30 41.0 246.1 32.6 487 85 80
1000 35.1 100.8 | 34.3 | 307 | 0.984 | 0.981 | 1.003 | 1.142 | 0.006790 | 0.874 3.68 3.75 35.8 237.1 33.8 421 78 73
1000 30.3 100.8 34 307 | 0.985 | 0.982 | 1.003 1.143 0.006690 0.790 3.17 3.23 30.8 248.3 32.3 372 75 71
1000 24.9 100.7 | 33.7 | 307 | 0.985 | 0.982 | 1.003 | 1.143 | 0.006792 | 0.658 2.61 2.65 253 251.7 31.9 318 70 66
1000 20.3 100.7 335 | 307 | 0.986 | 0.983 | 1.003 1.144 0.006796 0.555 2.13 2.16 20.6 260.4 30.8 261 67 63
1000 15.1 100.7 | 33.2 | 306 | 0.987 | 0.984 | 1.002 | 1.145 | 0.006693 | 0.454 1.58 1.61 15.3 286.4 28.0 218 64 60
1000 10.2 100.7 33 306 | 0.987 | 0.985 | 1.002 | 1.146 | 0.006800 | 0.368 1.07 1.08 10.4 343.7 233 179 62 59
999 5.2 100.7 32.7 | 306 | 0.988 | 0.986 | 1.002 1.146 0.006541 0.264 0.54 0.55 5.3 484.3 16.6 138 58 55
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Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conv.
Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water
pX TX k a B mf P Px sfc nf Ex OT | WT
(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1200 ar.7 100.9 33.1 | 306 | 0.989 | 0.987 | 1.002 1.148 0.007815 1.602 5.99 6.07 48.3 267 30 600 101 94
1200 aa.7 100.9 33.5 | 307 | 0.988 | 0.985 | 1.002 1.146 0.007720 1.379 5.62 5.70 454 245 33 540 94 87
1200 40.4 100.9 | 335 | 307 | 0.988 | 0.985 | 1.002 | 1.148 | 0.007993 | 1.236 5.08 5.15 41.0 243 33 470 92 84
1200 354 100.9 33.0 | 306 | 0.989 | 0.987 | 1.002 1.148 0.008083 1.000 4.45 4.51 359 224 36 408 85 79
1200 29.9 100.9 | 33.0 | 306 | 0.989 | 0.987 | 1.002 | 1.148 | 0.008183 | 0.884 3.76 3.81 30.3 235 34 355 83 76
1200 25.1 100.8 33.1 | 306 | 0.988 | 0.986 | 1.002 1.147 0.008033 0.771 3.15 3.20 255 244 33 305 79 72
1200 20.4 100.8 | 329 | 306 | 0.989 | 0.987 | 1.002 | 1.147 | 0.007903 | 0.660 2.56 2.60 20.7 257 31 267 74 67
1200 14.7 100.8 | 32.7 | 306 | 0.989 | 0.987 | 1.002 | 1.148 | 0.008380 | 0.555 1.85 1.87 14.9 300 27 231 69 64
1200 10.2 100.8 32.6 | 306 | 0.990 | 0.988 | 1.002 1.148 0.008169 0.442 1.28 1.30 10.3 344 23 197 67 62
1199 53 100.8 | 32.5 | 306 | 0.990 | 0.988 | 1.002 | 1.149 | 0.008298 | 0.330 0.67 0.67 5.4 495 16 164 65 60




M99 ¢ - 4 HaVERUANSIAULTBAAIRssURLlisldRaARLwaTalY Ainaasasou 1400 rpm

157

Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conv.

Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX TX k a B mf P Px sfc nf Ex OT | WT
(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1400 50.4 101 33.0 | 306 | 0.990 | 0.988 | 1.002 1.150 0.008835 1.852 7.39 7.48 51.0 250 32 627 102 93
1400 4a4.6 101.1 33.6 | 307 | 0.989 | 0.987 | 1.002 1.148 0.008463 1.565 6.54 6.62 45.2 239 34 545 97 88
1400 39.6 101 338 | 307 | 0.988 | 0.985 | 1.002 | 1.146 | 0.009136 | 1.318 5.81 5.89 40.2 227 35 459 89 83
1400 34.8 100.9 33.5 | 307 | 0.988 | 0.985 | 1.002 1.146 0.009210 1.153 5.10 5.18 353 225 36 412 88 81
1400 29.8 100.9 | 33.4 | 306 | 0.988 | 0.986 | 1.002 | 1.147 | 0.008942 | 1.037 4.37 4.43 30.2 237 34 367 84 7
1400 25.2 100.9 33.1 | 306 | 0.989 | 0.987 | 1.002 1.148 0.009330 0.920 3.69 3.74 255 249 32 325 7 72
1400 19.9 100.9 | 33.0 | 306 | 0.989 | 0.987 | 1.002 | 1.148 | 0.009218 | 0.763 2.92 2.95 20.2 261 31 281 75 69
1400 15.1 100.9 | 32.8 | 306 | 0.990 | 0.988 | 1.002 | 1.148 | 0.009445 | 0.627 2.21 2.24 15.3 283 28 248 72 67
1400 9.9 101 32.7 | 306 | 0.991 | 0.990 | 1.002 1.150 0.009377 0.506 1.45 1.47 10.0 348 23 206 69 64
1398 52 101 32.8 | 306 | 0.991 | 0.989 | 1.002 | 1.150 | 0.009489 | 0.395 0.76 0.77 53 518 15 162 68 62




M99 ¢ - 5 HaveEeUaNSIaUETRAAIessuRLlisldRawaRmaialy Ainaasasou 1600 rpm

158

Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conv.

Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX TX k a B mf P Px sfc nf Ex OoT | WT
(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1600 49.5 101 349 | 308 | 0.984 | 0.981 | 1.003 1.140 0.010402 2.090 8.29 8.45 50.4 251 32 647 103 97
1600 44.8 101 359 | 309 | 0.981 | 0.978 | 1.003 1.138 0.010403 1.794 7.51 7.68 458 238 34 551 99 92
1600 39.8 101 35.6 | 309 | 0.982 | 0.979 | 1.003 | 1.140 | 0.010402 | 1.509 6.67 6.81 40.7 226 36 478 95 88
1600 34.8 100.9 35.1 | 308 | 0.982 | 0.979 | 1.003 1.141 0.010290 1.320 5.83 5.95 355 226 36 426 90 85
1600 29.6 101 34.2 | 307 | 0.986 | 0.984 | 1.002 | 1.144 | 0.010620 | 1.158 4.96 5.04 30.1 233 34 380 87 81
1600 24.8 101 33.7 | 307 | 0.988 | 0.986 | 1.002 1.146 0.010714 1.002 4.16 4.22 25.2 241 33 331 83 7
1600 19.6 101 333 | 306 | 0.989 | 0.987 | 1.002 | 1.147 | 0.010710 | 0.871 3.28 3.33 19.9 265 30 292 81 74
1600 14.6 101 32.8 | 306 | 0.991 | 0.989 | 1.002 | 1.150 | 0.010651 | 0.717 2.45 2.47 14.8 293 27 238 79 72
1600 10.1 101 32.6 | 306 | 0.991 | 0.990 | 1.002 1.150 0.010820 0.585 1.69 1.71 10.2 345 23 204 76 70
1600 53 101 33.0 | 306 | 0.990 | 0.988 | 1.002 | 1.150 | 0.010679 | 0.468 0.89 0.90 5.4 526 15 168 74 68




M99 ¢ - 6 HaNAEBUANTIAULYBAATRsBURLlBldRaIWARLmaTlU Ainnasasou 1800 rpm

159

Relative Correction fuel Corrected Fuet Temperature
Air Air Power Conv.

Speed | Torque cons.

condition factor density | Flowrate Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX TX k a B mf P Px sfc nf Ex OT | WT

(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1800 a3.4 100.9 | 37.0 | 310 | 0.976 | 0.972 | 1.004 | 1.135 | 0.010737 | 2.359 9.12 9.38 49.8 257 31 664 104 98
1800 ) 100.9 | 37.2 | 310 | 0.976 | 0.972 | 1.004 | 1.133 | 0.010682 | 2.130 8.438 8.73 46.3 250 32 614 101 95
1800 39.7 100.9 36.4 | 309 | 0.978 | 0.975 | 1.004 1.135 | 0.010138 1.796 7.48 7.68 40.7 239 34 529 95 88
1800 34.8 100.9 | 36.1 | 309 | 0.979 | 0.976 | 1.004 | 1.137 | 0.009794 | 1.566 6.56 6.72 35.7 238 34 462 92 86
1800 29.6 100.9 35.4 | 308 | 0.982 | 0.978 | 1.003 1.140 | 0.009450 1.332 558 5.70 30.3 238 34 400 87 83
1800 24.9 100.9 | 34.6 | 308 | 0.984 | 0.981 | 1.003 | 1.142 | 0.009326 | 1.168 4.69 a.78 254 248 32 345 86 81
1800 19.7 100.9 34.4 | 307 | 0.985 | 0.982 | 1.003 1.143 | 0.009349 | 0.965 3.71 3.78 20.1 259 31 296 84 78
1800 14.7 100.9 34.1 | 307 | 0.986 | 0.983 | 1.003 1.144 | 0.009236 | 0.813 277 2.82 15.0 293 27 254 80 A
1800 10.1 101 34.7 | 308 | 0.985 | 0.982 | 1.003 | 1.143 | 0.009246 | 0.688 1.90 1.94 10.3 360 22 222 77 72
1800 5.6 101 35.1 | 308 | 0.983 | 0.981 | 1.003 1.142 | 0.009036 | 0.527 1.06 1.08 5.7 498 16 186 75 69




M99 ¢ - 7 HaveEeUaNSIaUEIRAIessuRLlisldRaaRmaialy Ainaasasou 2000 rpm

160

Relative Correction fuel Corrected Fuet Temperature
Air Air Power Conv.

Speed | Torque cons.

condition factor density | Flowrate Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX TX k a B mf P Px sfc nf Ex OT | WT

(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
2000 45.5 100.9 | 37.3 | 310 | 0.976 | 0.971 | 1.004 | 1.132 | 0.012454 | 2.386 9.53 9.81 46.8 249 32 677 106 98
2000 39.8 100.9 | 37.5 | 311 | 0.975 | 0.970 | 1.005 | 1.131 | 0.011982 | 1.993 8.34 8.59 41.0 238 34 562 98 90
2000 34.7 100.9 374 | 310 | 0.975 | 0.971 | 1.004 1.132 | 0.012544 1.722 1.27 7.49 35.7 236 34 483 94 85
2000 29.8 101 355 | 309 | 0.982 | 0.979 | 1.003 | 1.140 | 0.012313 | 1.500 6.24 6.37 304 240 33 a22 91 82
2000 24.7 101 34.5 | 308 | 0.985 | 0.983 | 1.003 1.144 | 0.012616 1.292 5.17 5.26 25.1 249 32 365 88 79
2000 20.3 101 33.7 | 307 | 0.988 | 0.986 | 1.002 | 1.147 | 0.012498 | 1.125 4.25 4.31 20.6 264 30 324 86 7
2000 14.9 101 33.5 | 307 | 0.989 | 0.987 | 1.002 1.147 | 0.012113 | 0.943 3.12 3.16 15.1 302 27 276 84 A
2000 10.3 101 33.4 | 306 | 0.989 | 0.987 | 1.002 1.148 | 0.012689 | 0.761 2.16 2.19 10.4 352 23 243 81 72
2000 5.4 101 33.8 | 307 | 0.988 | 0.985 | 1.002 | 1.146 | 0.012363 | 0.595 1.13 1.15 55 525 15 203 78 70




M99 ¢ - 8 HaVAERUANSIAULYBAAIRssURLllldRaIARLmaTlY Ainnasasou 2200 rpm

161

Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conwv.

speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX Tx k a B mf P Px sfc nf Ex oT | wr
(rpm) (N-m) (kPa) (@) (K) kg/m3 kg/s (ke/br) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
2200 43.5 101.1 36.0 | 309 | 0.982 | 0.978 | 1.003 1.139 0.012625 2.545 10.02 10.24 44.5 253 32 663 107 95
2200 39.8 101.1 36.3 | 309 | 0.981 | 0.977 | 1.003 1.138 0.012752 2.255 9.17 9.38 40.7 245 33 587 102 92
2200 34.9 101 359 | 309 | 0.981 | 0.978 | 1.003 | 1.138 | 0.012749 | 1.962 8.04 8.22 35.7 243 33 511 100 91
2200 30.2 101 35.4 | 308 | 0.982 | 0.979 | 1.003 1.140 0.012810 1.735 6.96 7.10 30.8 249 32 450 96 87
2200 24.7 101 34.8 | 308 | 0.984 | 0.982 | 1.003 | 1.142 | 0.012622 | 1.470 5.69 5.80 25.2 258 31 389 94 84
2200 20.1 101 345 | 308 | 0.985 | 0.983 | 1.003 1.144 | 0.012826 1.267 4.63 4.71 20.5 273 29 344 90 81
2200 14.7 101.1 | 34.6 | 308 | 0.986 | 0.984 | 1.002 | 1.144 | 0.012855 | 1.065 3.39 3.44 14.9 314 26 300 87 77
2200 10.3 101.1 | 35.0 | 308 | 0.985 | 0.982 | 1.003 | 1.143 | 0.012800 | 0.876 2.37 2.42 10.5 368 22 245 84 75
2200 5.6 101.1 35.6 | 309 | 0.983 | 0.980 | 1.003 1.141 0.012696 0.716 1.29 1.32 5.7 553 15 227 82 73




M99 ¢ - 9 HaVAEBUANSIAULYBAATRsBURLlldRaIRRLwaTalY Ainnasasou 2400 rpm

162

Relative Correction fuel Corrected Fuet Temperature
Air Air Power Conv.

Speed | Torque cons.

condition factor density | Flowrate Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX TX k a B mf P Px sfc nf Ex OT | WT

(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
2400 36.8 100.8 | 30.4 | 303 | 0.997 | 0.996 | 1.001 | 1.157 | 0.013366 | 2.533 9.25 9.28 36.9 274 29 655 100 92
2400 354 100.8 | 31.4 | 304 | 0.993 | 0.992 | 1.001 | 1.153 | 0.013360 | 2.455 8.90 8.97 35.7 276 29 635 106 91
2400 29.8 100.8 31.8 | 305 | 0.992 | 0.991 | 1.001 1.151 0.013348 | 2.103 7.49 7.56 30.1 280 29 544 106 89
2400 25 100.8 | 32.1 | 305 | 0.991 | 0.990 | 1.002 | 1.150 | 0.013342 | 1.767 6.28 6.35 253 281 29 468 103 86
2400 20.1 100.8 32.1 | 305 | 0.991 | 0.990 | 1.002 1.150 | 0.013342 1.595 5.05 5.10 20.3 315 25 412 99 84
2400 15 100.8 | 32.1 | 305 | 0.991 | 0.990 | 1.002 | 1.150 | 0.013342 | 1.299 3.77 3.81 15.2 344 23 357 98 82
2400 10.1 100.7 32.0 | 305 | 0.990 | 0.989 | 1.002 1.151 0.013344 1.077 2.54 257 10.2 424 19 312 95 7
2400 55 100.7 36.0 | 309 | 0.978 | 0.974 | 1.004 1.151 0.013344 | 0.865 1.38 1.42 5.6 623 13 286 90 A




M13NT § - 10 HaNAFRUANTIAUE LA UA BT WRINARgaduATIEINvEYNaNaRn Tan1Ien1TEgeEn

163

Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conv.

Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water
pX TX k o B mf P Px sfc nf Ex OoT | WT
(rpm) (N-m) (kPa) Q (K) kg/m3 ke/s (kg/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1000 44.9 101 34.2 | 307 | 0.986 | 0.984 | 1.002 1.145 0.005978 1.206 4.70 4.78 45.6 256 31.0 538 97 93
1200 46.6 100.9 353 | 308 | 0.982 | 0.979 | 1.003 1.140 0.008051 1.429 5.86 5.98 47.6 243 32.6 569 100 95
1400 48.4 100.8 | 36.5 | 310 | 0.977 | 0.973 | 1.004 | 1.134 | 0.009605 | 1.638 7.10 7.29 49.7 230 34.5 573 101 94
1600 48.8 100.8 33.6 | 307 | 0.986 | 0.984 | 1.002 1.145 0.01019 1.936 8.18 8.31 49.6 236 33.6 612 104 98
1800 ar.4 1009 | 36.1 | 309 | 0.979 | 0.976 | 1.004 | 1.137 | 0.011493 | 2.196 8.93 9.16 48.6 245 32.4 632 104 98
2000 46.3 100.9 32.7 | 306 | 0.990 | 0.988 | 1.002 1.150 0.011738 2.354 9.70 9.81 46.8 242 32.7 660 103 94
2200 43.4 100.6 | 34.7 | 308 | 0.981 | 0.977 | 1.003 | 1.138 | 0.012514 | 2.503 10.00 | 10.23 a4.4 249 31.8 625 106 94
2400 36.1 100.6 | 34.1 | 307 | 0.983 | 0.980 | 1.003 | 1.141 | 0.013285 | 2.454 9.07 9.26 36.8 270 29.4 597 98 86




MT199 ¢ - 11 NavedevaLTIourvenAssudiilolfiiamAsiwaduasiziainvegnanain AnnuSaseu 1000 rpm

164

Relative Correction fuel Corrected Fuet Temperature
Air Air Power Conwv.
Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water
pX Tx k a B mf P Px sfc nf Ex oT | wr
(rpm) (N-m) (kPa) (@) (K) kg/m3 kg/s (kg/hn) | (kw) (kw) (N-m) (g/kW-hr) % °C °C °C
1000 44.9 101 34.2 | 307 | 0.986 | 0.984 | 1.002 1.145 0.005978 1.206 4.70 4.78 45.6 256 31.0 538 97 93
1000 40.2 101 34.2 | 307 | 0.986 | 0.984 | 1.002 1.145 0.007002 0.998 4.21 4.28 40.9 236 335 466 89 86
1000 35.1 101 338 | 307 | 0.988 | 0.985 | 1.002 | 1.145 | 0.006804 | 0.856 3.68 3.73 35.6 232 34.1 403 85 82
1000 30.0 101 333 | 306 | 0.989 | 0.987 | 1.002 1.148 0.006556 0.763 3.14 3.18 30.4 242 32.7 351 81 78
1000 25.2 101 32.8 | 306 | 0.991 | 0.989 | 1.002 | 1.150 | 0.006803 | 0.635 2.64 2.67 25.5 240 33.0 300 76 73
1000 19.9 101.1 329 | 306 | 0.992 | 0.990 | 1.002 1.151 0.006777 0.518 2.08 2.10 20.1 248 31.9 249 71 69
1000 15.0 101.1 | 33.2 | 306 | 0.991 | 0.989 | 1.002 | 1.150 | 0.006879 | 0.436 1.57 1.59 15.2 277 28.6 210 67 65
1000 10.6 101.1 | 34.2 | 307 | 0.987 | 0.985 | 1.002 | 1.146 | 0.006836 | 0.373 1.11 1.13 10.8 335 23.6 180 64 64
999 5.1 101.1 35.1 | 308 | 0.984 | 0.982 | 1.003 1.143 0.006938 0.248 0.53 0.54 5.2 464 17.1 134 62 60




MT19 9 - 12 NavndevaLTIourveLAssudiiloltiianAsiwaduasiziainvegnanain An1uSa5eU 1200 rpm

165

Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conv.

Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX TX k a B mf P Px sfc nf Ex OT | WT
(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1200 46.6 100.9 353 | 308 | 0.982 | 0.979 | 1.003 1.140 0.008051 1.429 5.86 5.98 47.6 243 32.6 569 100 95
1200 45.1 100.9 34.9 | 308 | 0.983 | 0.980 | 1.003 1.141 0.007969 1.335 5.67 5.78 46.0 235 33.8 542 96 90
1200 40.2 100.8 | 34.4 | 307 | 0.984 | 0.981 | 1.003 | 1.142 | 0.007884 | 1.120 5.05 5.15 41.0 221 35.9 461 91 85
1200 353 100.8 339 | 307 | 0.985 | 0.983 | 1.003 1.144 0.008021 0.953 4.44 4.51 359 214 37.0 394 86 81
1200 29.9 100.8 | 33.3 | 306 | 0.987 | 0.985 | 1.002 | 1.146 | 0.008030 | 0.838 3.76 3.81 30.4 223 35.6 344 82 78
1200 25.2 100.9 32.9 | 306 | 0.990 | 0.988 | 1.002 1.148 0.008083 0.725 3.17 3.21 255 229 34.7 303 7 72
1200 19.8 100.9 | 329 | 306 | 0.990 | 0.988 | 1.002 | 1.148 | 0.008339 | 0.609 2.49 2.52 20.0 244 32.4 260 74 70
1200 14.9 100.9 | 33.4 | 306 | 0.988 | 0.986 | 1.002 | 1.147 | 0.008416 | 0.507 1.87 1.90 15.1 270 29.3 231 69 66
1200 10.2 100.9 34.2 | 307 | 0.985 | 0.983 | 1.003 1.144 0.008280 0.421 1.28 1.30 10.4 328 24.2 200 67 64
1201 53 100.9 | 34.7 | 308 | 0.984 | 0.981 | 1.003 | 1.142 | 0.007972 | 0.298 0.67 0.68 5.4 446 17.8 163 65 62




MT9 9 - 13 NavndeUaLTIourveLAsosudiiloltiiamasiwaduasiziainvegnanain An1uSI5eU 1400 rpm

166

Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conv.
Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water
pX TX k a B mf P Px sfc nf Ex OT | WT
(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1400 48.4 100.8 36.5 | 310 | 0.977 | 0.973 | 1.004 1.134 0.009605 1.638 7.10 7.29 49.7 230 34.5 573 101 94
1400 44.9 100.8 36.7 | 310 | 0.976 | 0.972 | 1.004 1.133 0.008928 1.497 6.58 6.77 46.2 226 35.0 517 97 91
1400 39.8 100.8 | 359 | 309 | 0.979 | 0.975 | 1.004 | 1.136 | 0.009395 | 1.307 5.83 5.98 40.8 223 35.5 455 92 86
1400 35.0 100.8 35.5 | 309 | 0.980 | 0.977 | 1.004 1.138 0.009940 1.154 5.13 5.25 35.8 224 35.4 406 89 84
1400 29.8 100.7 | 34.8 | 308 | 0.981 | 0.978 | 1.003 | 1.139 | 0.009947 | 1.002 4.37 a.47 30.5 229 34.7 356 84 78
1400 24.9 100.7 34.5 | 308 | 0.982 | 0.979 | 1.003 1.140 0.009917 0.896 3.65 3.73 254 245 32.4 315 81 76
1400 20.1 101 32.8 | 306 | 0.991 | 0.989 | 1.002 | 1.150 | 0.009781 | 0.749 2.95 2.98 20.3 254 31.2 277 7 73
1400 15.2 101 32.5 | 306 | 0.992 | 0.990 | 1.001 | 1.151 | 0.009785 | 0.620 2.23 2.25 15.3 278 28.5 240 74 70
1400 10.0 100.9 32 305 | 0.992 | 0.991 | 1.001 1.152 0.008883 0.503 1.47 1.48 10.1 343 23.1 203 72 68
1399 55 100.9 | 31.9 | 305 | 0.993 | 0.992 | 1.001 | 1.152 | 0.009498 | 0.403 0.81 0.81 5.5 500 15.9 160 71 67




M99 9 - 14 NavdeUALTIoUrvRLAssudillolfiamAsiwaduasizianvegnanain An1u5I5eU 1600 rpm

167

Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conv.

Speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX TX k a B mf P Px sfc nf Ex OoT | WT
(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
1600 48.8 100.8 33.6 | 307 | 0.986 | 0.984 | 1.002 1.145 0.01019 1.936 8.18 8.31 49.6 236 33.6 612 104 98
1600 45.0 100.7 34.1 | 307 | 0.984 | 0.981 | 1.003 1.142 0.010207 1.724 7.54 7.69 459 228 34.8 546 99 94
1600 39.9 100.8 | 339 | 307 | 0.985 | 0.983 | 1.003 | 1.144 | 0.010475 | 1.493 6.69 6.80 40.6 223 35.6 aré 95 91
1600 35.0 100.8 33.7 | 307 | 0.986 | 0.984 | 1.002 1.144 0.010492 1.309 5.86 5.96 35.6 223 35.6 425 90 86
1600 30.0 100.9 | 34.1 | 307 | 0.986 | 0.983 | 1.003 | 1.144 | 0.010347 | 1.157 5.03 5.11 30.5 230 34.5 381 85 80
1600 25.1 100.9 34.8 | 308 | 0.983 | 0.981 | 1.003 1.141 0.010860 1.001 4.21 4.29 25.6 237 334 333 83 79
1600 20.0 100.9 | 35.1 | 308 | 0.982 | 0.979 | 1.003 | 1.140 | 0.010126 | 0.847 3.35 3.42 20.4 252 31.5 291 80 74
1600 14.8 100.9 36 309 | 0.980 | 0.976 | 1.004 | 1.137 | 0.010515 | 0.676 2.48 2.54 15.2 272 29.2 238 7 73
1600 10.5 100.8 36.1 | 309 | 0.978 | 0.975 | 1.004 1.135 0.009896 0.570 1.76 1.81 10.8 323 24.6 201 75 70
1600 55 100.8 | 36.9 | 310 | 0976 | 0.972 | 1.004 | 1.133 | 0.010259 | 0.450 0.92 0.95 5.7 486 16.3 165 72 69




M99 ¢ - 15 navndevaLTIaurveLassudiilolfiiamasiwaduasiziainvegnanain An1u5a5eu 1800 rpm

168

Relative Correction fuel Corrected Fuet Temperature
Air Air Power Conv.
Speed | Torque cons.
condition factor density | Flowrate Power | Torque sfc Efficiency | Exhaust | Oil | Water
pX Tx k o B mf P Px sfc nf Ex oT | wr
(rpm) (N-m) (kPa) (@) (K) kg/m3 kg/s (kg/hn) | (kw) (kw) (N-m) (g/kW-hr) % °C °C °C
1800 474 100.9 | 36.1 | 309 | 0.979 | 0.976 | 1.004 | 1.137 | 0.011493 | 2.196 8.93 9.16 48.6 245 324 632 104 98
1800 a5.1 100.8 | 36.2 | 309 | 0.978 | 0.974 | 1.004 | 1.135 | 0.011062 | 2.001 8.50 8.73 46.3 234 33.8 592 103 97
1800 40.1 100.8 36.2 | 309 | 0.978 | 0.974 | 1.004 1.135 | 0.010400 1.770 7.56 7.76 41.2 233 34.0 521 97 91
1800 34.9 100.8 | 35.7 | 309 | 0.980 | 0.976 | 1.004 | 1.137 | 0.010891 | 1.545 6.58 6.74 35.8 234 339 456 93 87
1800 30.0 100.9 35.9 | 309 | 0.980 | 0.976 | 1.004 1.138 | 0.010574 1.298 5.65 5.79 30.7 229 34.7 391 89 83
1800 247 1009 | 36.3 | 309 | 0.979 | 0.975 | 1.004 | 1.137 | 0.010158 | 1.113 4.66 478 253 238 333 339 85 80
1800 20.0 100.9 36.5 | 310 | 0.978 | 0.974 | 1.004 1.135 | 0.009970 | 0.920 3.77 3.87 20.5 243 32.6 294 82 76
1800 14.9 100.9 36.5 | 310 | 0.978 | 0.974 | 1.004 1.135 | 0.009780 | 0.799 2.81 2.88 15.3 283 28.0 253 80 73
1800 10.3 1009 | 37.2 | 310 | 0.976 | 0.972 | 1.004 | 1.133 | 0.009101 | 0.656 1.94 2.00 10.6 336 236 220 7 71
1800 5.6 100.8 37.1 | 310 | 0.975 | 0.971 | 1.004 1.132 | 0.008771 0.514 1.06 1.09 58 485 16.4 184 75 69
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Relative Correction fuel Corrected Fuet Temperature
Air Air Power Conv.

Speed | Torque cons.

condition factor density | Flowrate Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX TX k a B mf P Px sfc nf Ex OT | WT

(rpm) (N-m) (kPa) Q (K) kg/m3 kg/s (ke/hn) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
2000 46.3 100.9 | 32.7 | 306 | 0.990 | 0.988 | 1.002 | 1.150 | 0.011738 | 2.354 9.70 9.81 46.8 242 32.7 660 103 94
2000 40.2 101 31.7 | 305 | 0.994 | 0.993 | 1.001 | 1.154 | 0.011679 | 1.980 8.42 8.438 40.5 235 337 544 95 85
2000 34.8 100.9 31.2 | 304 | 0.995 | 0.994 | 1.001 1.155 | 0.012141 1.691 7.29 7.33 35.0 232 34.2 468 92 80
2000 30.1 100.9 | 30.7 | 304 | 0.997 | 0.996 | 1.001 | 1.157 | 0.012010 | 1.475 6.30 6.33 30.2 234 339 413 88 78
2000 252 100.8 30.4 | 303 | 0.997 | 0.996 | 1.001 1.156 | 0.011932 1.281 5.28 5.30 253 243 32.7 363 86 76
2000 20.2 100.8 | 29.8 | 303 | 0.999 | 0.998 | 1.000 | 1.159 | 0.012239 | 1.089 4.23 a.24 20.2 257 30.8 314 84 74
2000 14.9 100.8 29.6 | 303 | 0.999 | 0.999 | 1.000 1.160 | 0.011951 0.912 3.12 3.12 14.9 292 27.1 270 82 71
2000 10.3 100.8 29.3 | 302 | 1.000 | 1.000 | 1.000 1.162 | 0.012107 | 0.746 2.16 2.16 10.3 346 229 235 79 69
2000 5.5 100.9 | 29.4 | 302 | 1.001 | 1.001 | 1.000 | 1.162 | 0.012146 | 0.596 1.15 1.15 55 517 15.3 200 77 67
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Relative Correction fuel Corrected Fuel Temperature
Air Air Power Conwv.

speed | Torque condition factor density | Flowrate cons Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX Tx k a B mf P Px sfc nf Ex oT | wr
(rpm) (N-m) (kPa) (@) (K) kg/m3 kg/s (ke/br) | (kw) (kw) (N-m) | (g/kW-hr) % °C °C °C
2200 43.4 100.6 34.7 | 308 | 0.981 | 0.977 | 1.003 1.138 0.012514 2.503 10.00 10.23 44.4 249 31.8 625 106 94
2200 39.8 100.6 34.3 | 307 | 0.982 | 0.979 | 1.003 1.140 0.012429 2.224 9.17 9.37 40.7 242 32.8 572 103 86
2200 34.9 100.6 | 34.3 | 307 | 0.982 | 0.979 | 1.003 | 1.140 | 0.012489 | 1.919 8.04 8.21 35.6 238 333 509 102 85
2200 29.7 100.6 34.1 | 307 | 0.983 | 0.980 | 1.003 1.141 0.012535 1.685 6.84 6.98 30.3 246 32.3 437 99 83
2200 24.6 100.6 34 | 307 | 0.983 | 0.980 | 1.003 | 1.141 | 0.012401 | 1.435 5.67 5.78 25.1 252 314 384 96 80
2200 20.0 100.6 339 | 307 | 0.983 | 0.980 | 1.003 1.141 0.012813 1.217 4.61 4.70 20.4 263 30.1 334 93 78
2200 15.0 100.6 34 | 307 | 0.983 | 0.980 | 1.003 | 1.141 | 0.012647 | 1.070 3.46 3.53 15.3 309 25.7 298 90 76
2200 10.0 100.6 34 | 307 | 0.983 | 0.980 | 1.003 | 1.141 | 0.012528 | 0.833 2.30 2.35 10.2 360 22.0 259 87 73
2200 5.2 100.6 34.1 | 307 | 0.983 | 0.980 | 1.003 1.141 0.012969 0.650 1.20 1.22 5.3 541 14.7 222 84 70
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Relative Correction fuel Corrected Fuet Temperature
Air Air Power Conv.

Speed | Torque cons.

condition factor density | Flowrate Power | Torque sfc Efficiency | Exhaust | Oil | Water

pX Tx k a B mf P Px sfc nf Ex oT | wr

(rpm) (N-m) (kPa) (@) (K) kg/m3 kg/s (kg/hn) | (kw) (kw) (N-m) | (g/kw-hr) % °C °C °C
2400 36.1 100.6 34.1 | 307 | 0.983 | 0.980 | 1.003 1.141 0.013285 2.454 9.07 9.26 36.8 270 294 597 98 86
2400 35.1 100.6 | 34.7 | 308 | 0.981 | 0.977 | 1.003 | 1.139 | 0.013275 | 2.307 8.82 9.02 35.9 261 30.4 573 101 87
2400 30.0 100.6 34.9 | 308 | 0.980 | 0.977 | 1.004 1.138 | 0.013268 | 2.051 7.54 7.72 30.7 271 29.2 501 102 86
2400 25.0 100.6 35 | 308 | 0.980 | 0.976 | 1.004 | 1.137 | 0.013266 | 1.736 6.28 6.44 25.6 275 28.8 439 99 82
2400 19.8 100.6 34.9 | 308 | 0.980 | 0.977 | 1.004 1.138 | 0.013233 1.455 4.98 5.09 20.3 291 27.2 384 97 79
2400 15.2 100.6 35 308 | 0.980 | 0.976 | 1.004 1.137 | 0.013266 1.231 3.82 391 15.6 321 247 341 89 75
2400 9.7 100.6 | 34.8 | 308 | 0.981 | 0.977 | 1.003 | 1.138 | 0.013270 | 0.995 2.44 2.50 9.9 407 19.5 294 88 73
2400 54 100.6 34.7 | 308 | 0.981 | 0.977 | 1.003 1.138 | 0.013273 | 0.838 1.36 1.39 55 615 12.9 265 86 71
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Relative Correction Air Air Fuel Corrected Fuet Temperature SD
Power Conv.
speed | Torque condition factor density Flowrate cons Power | Torque sfc Efficiency | Exhaust Oil Water
pX Tx k a B mf P Px nf Ex oT wT BSN
(rpm) (N-m) (kPa) (@] (K) kg/m3 ke/s (kg/hr) (kw) (kw) (N-m) (g/KW-hr) % °C °C °C
1400 111 100.8 | 29.7 | 303 | 0.9990 | 0.9988 | 1.0002 1.159 0.009513 0.545 1.63 1.63 111 335 24.0 201 81 67 0.49
1400 23.1 100.8 | 29.6 | 303 | 0.9993 | 0.9992 | 1.0001 1.160 0.009607 0.845 3.39 3.39 231 249 32.2 277 7 66 0.37
1400 35.1 100.8 | 29.5 | 303 | 0.9997 | 0.9996 | 1.0001 1.160 0.009700 1.183 5.15 5.15 35.1 230 34.9 374 7 70 0.27
1400 52.6 100.8 | 29.6 | 303 | 0.9993 | 0.9992 | 1.0001 1.160 0.009341 1.868 771 772 52.6 242 33.1 596 97 90 4.22
1700 11.1 100.8 | 29.5 | 303 | 0.9997 | 0.9996 | 1.0001 1.160 0.011245 0.700 1.98 1.98 111 354 22.7 216 76 68 0.13
1700 23.2 100.8 | 29.5 | 303 | 0.9997 | 0.9996 | 1.0001 1.160 0.011168 1.038 4.13 4.13 232 251 319 305 76 68 0.25
1700 352 100.8 | 29.6 | 303 | 0.9993 | 0.9992 | 1.0001 1.160 0.011099 1.459 6.27 6.27 352 233 34.5 415 79 73 0.85
1700 52.3 100.8 | 29.2 | 302 | 1.0007 | 1.0008 | 0.9999 1.161 0.108090 2.335 9.31 9.30 52.3 251 32.0 628 93 90 261
2100 11.1 100.8 | 29.5 | 303 | 0.9997 | 0.9996 | 1.0001 1.160 0.123650 0.886 2.44 2.44 11.1 363 22.1 262 80 70 0.07
2100 23.1 100.8 | 29.1 | 302 | 1.0010 | 1.0012 | 0.9998 1.161 0.121050 1.377 5.08 5.07 23.1 271 29.6 365 83 4 0.13
2100 35.1 100.8 | 29.1 | 302 | 1.0010 | 1.0012 | 0.9998 1.162 0.012301 1.927 772 7.71 35.1 250 32.1 496 86 7 0.32
2100 45.9 100.8 | 29.0 | 302 | 1.0013 | 1.0016 | 0.9998 1.163 0.012188 2.658 10.09 | 10.08 45.8 263 30.5 669 90 89 1.86
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Relative Correction Air Air Fuel Corrected C:ji Temperature SD
speed | Torque condition factor density. | Flowrate con Pover Power | Torque sfc Efficiency | Exhaust Oil Water
px Tx k a B mf P Px nf Ex oT WT BSN
(rpm) (N-m) (kPa) (@] (K) kg/m3 ke/s (kg/hn) (kw) (kw) (N-m) (g/KW-hr) % °C °C °C
1400 11.2 100.7 30.9 304 | 0.9941 | 0.9930 | 1.0010 | 1.154 | 0.009904 0.532 1.64 1.65 11.3 324 24.5 211 83.9 71.2 0.28
1400 23.1 100.7 30.8 304 | 0.9944 | 0.9934 | 1.0010 | 1.154 | 0.009580 0.832 3.39 341 233 245 32.3 284 79.2 66.9 0.21
1400 35.1 100.7 30.8 304 | 0.9944 | 0.9934 | 1.0010 | 1.154 | 0.009080 1.159 5.15 5.18 353 225 35.2 374 78.3 68.8 0.22
1400 51.5 100.7 31 304 | 0.9938 | 0.9927 | 1.0011 | 1.153 | 0.008849 1.759 7.55 7.61 51.9 233 34.1 585 89.7 87.1 3.51
1700 11.3 100.7 30.9 304 | 0.9941 | 0.9930 | 1.0010 | 1.154 | 0.011333 0.677 201 2.03 114 336 23.6 217 76.7 67.1 0.09
1700 229 100.7 31 304 | 0.9938 | 0.9927 | 1.0011 | 1.153 | 0.011174 1.013 4.08 4.11 231 248 31.9 303 7.2 67.8 0.31
1700 35.1 100.7 31 304 | 0.9938 | 0.9927 | 1.0011 | 1.153 | 0.011269 1.422 6.25 6.29 35.4 227 34.9 410 77.8 71.0 0.87
1700 51.0 100.7 30.9 304 | 0.9941 | 0.9930 | 1.0010 | 1.154 | 0.010921 2.194 9.08 9.14 51.4 241 32.8 620 86.7 86.3 2.65
2100 11.3 100.7 30.9 304 | 0.9941 | 0.9930 | 1.0010 | 1.154 | 0.012115 0.886 2.48 2.50 114 356 223 264 79.6 70 0.07
2100 23.2 100.7 30.8 304 | 0.9944 | 0.9934 | 1.0010 | 1.154 | 0.011941 1.339 5.10 5.14 234 262 30.2 366 81.7 69.8 0.13
2100 35.0 100.7 30.6 304 | 0.9951 | 0.9942 | 1.0009 | 1.155 | 0.011945 1.909 7.70 7.74 352 248 32.0 504 87 78.4 0.13
2100 45.6 100.7 30.8 304 | 0.9944 | 0.9934 | 1.0010 | 1.154 | 0.012176 2.596 10.03 | 10.09 459 259 30.7 671 81.3 84.0 233
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