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KIRKRAI YUVAMITRA: ANALYSIS OF PERFORMANCE AND ENERGY RELEASE
OF CI ENGINE OPERATING ON DME.
ADVISOR: ASSOC. PROF. KANWWAﬁ%NAurCHlEM. Ph.D., 167 pp.

injection timing that effect combustion characteristic of Cl'angineﬁﬁlh OEM fuel pump operating with
DME. This research, the 0.709 litre Kubota RT140 engine was used. Performance and in-cylinder
pressure were recurq,ad-fﬁf ar;nﬁ?zlng oumbuﬁtion characteristic with either STD fuel injection timing ar
with different injection timings stich'as advance injection timing for 2, 4 CA and retard for 2 CA. The
effects of fuel injeetion timing on engine performance and combustion eharacteristic were evaluated.
The results showed indthis research were -fihrléﬁéd Into 2 parts. First part was engine performance at
different Injection ﬂmmg& hnd the; ﬁe;nnd part’ werg combustion characteristic of different injection
timings. #_.
From experimental results, it was found that the standard injection timing has the lowest brake
specific fuel consumption (494 g/kW-hr) and I.ha'h'lgpast brake fuel conversion efficiency (25.6%). The
exhaust temperatures in case of rmn:lﬂd fuel inlﬁctbrl timlng was found the highest compared with
others fuel injection timings. Al ‘lhe s!a_ndard andmrﬁ:ed fuel injection timing, it was fuund that
exhaust temperatures are similar. When considered 5!'pli"rflf[ndprake specific fuel consumption with ESC
test cycle uperal'iﬁn. we found that standard fuel InIv-aci.inn timings gave the optimum performance. The
fuel line pressure willise-faster or slower according to-fuet injection timifigs. At 1700 rpm, it was found
that injected fuel-per-cycle is the lowest in-which it results in highest engine performance. Advancing
the fuel injection timings wil result in higher maximum cylinder pressure. Fuel mass fraction burn in
case of retard fuel injection timing was found the highest. The advanced fuel injection timing will also
result inthe langer ignition.delay. It was found, that.éngine operating.speed at.1700 rpm will have the
longest ignitiu,n delay compared with at the others speeds.

Finally, from the research outcomes, it Eﬂl...lld be concluded that using standard fuel injection
timings will obtain the lowest brake specific fuel consumption: However, if we considerto have higher
combustion efficiencies with DME/ standard fuel injection timing may not-the best, Therefore, seeking

for the ways 1o increase engine combustion efficiencies should be considered in the future works.
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Methanol synthesis:
CO + 2H; = CH30OH, AH°=-90.3 kImol
Methanol dehydration :
2CH,OH = CH,OCH, + H,0, AH°= 23.4 kJmol
Water-gas shift :
CO + H,O= H;+CO;  AH’=40.9 kImol
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(wt.%)

Sulfer content 0 0 0 »200 »250
(ppm)




|
a

antifaw wWreueuAudemaringw] uaneliluniean 2.2 aandayanudile
wiatmefiflwdemdsluanaruiaidnivinndnennia AndiunuaaiuFew (Lower
Heating Value) frnuszanns 69% ieiieuriuiea uazilszunn 66% Weieuiuuials

a a !

AU AeAFunnmnuFaulndlAssiulaniuaa waNA N NAI N unuaane 43.17% 5uou

dndouaasnsuanaaslaufaamasietaanduialaaunazaaananszaunns 60% 1ia

= o a
MEUNUALTR

o o/ di a G a A g dl a o a

an1TAlunInsvanafamaiansgil ssuaglauiaamwas ilaFaunauiusina
4 = T v - o -y, ! a a
1 AnnsAnEnudl emashmaiazlvaulsdindeuazanand veslamiiagmaslunn
dl A a o gl A ARE i Y o - !
Reulansanneniu dsnanslugilin 2.3 ilainausuiEousaudisaasailsd wudd
Tunstiveslawiiaameiiii anlsdasduasuazndnedaau teudionlasfiadinesaziglding
AlgeMANNINaa9RLTa LaLdadaInANa1dIen lunisnat s ulanfuessds nalEnnsg

o o a 6 O wal | =
‘J“ZL‘MEIMﬁﬁﬂﬂﬂqﬂﬂqi’ﬂm@Lﬂﬁ‘ﬁlﬂqiﬂﬂﬂﬂq"ﬂ'ﬂ\?m?ﬁ@

|
° [

yanania1usulauiaamasiidanin1sdaauInazaa9aa94l e W HaLIAN
s P 4 oo o3 A ! o v 2
ANNANDUATNIINTZAELFNA LHaLAE LT UA AN NI U ATDIALADILANFANNTUNIN LAY
amnsnaglldinlauiiadimesiansidlunsuaniiluazasselee (atomization) 15andna s
dl a dl dl G | Cs a dl dl N ~3
uazLa TN UNIT AR UNIIAZ e ALL TN dlilaseeRinaa NI T IAAaWN 1159
N711999 1A AR AT FULLAINIAINALAAIIBIALTAN U LN WA NNINAIIRAIN AN NLA LAY

=KX a
GIMENIANTAl!



anueau 0.1 MPa anuau 2 MPa

asa  DME asa  DME

HaDINANAUITOUT O mm omm = s
v = dy a
(A ududiaiomas 60
MPa, 50 My 50mm
i B

gaungisoudne 293 K)

HaDINQUNYNITOLU ava  DME acsa  DME

(A uduiiaiomas 60 ’ Y L m
MPa,
anuausoude 1 MPa) |50 mm 50 mm

9117 2-3 uamsnisulrauiaudnsnizaasanlsdvassimauas lniiasinas

2.14 arsienludlawunaainas

Tunsuaunisiun lugd @@ﬂ%L@ulummﬁ%tﬂuﬁqv‘hﬁ@jﬁ?mr‘TuL%mwaq
dautlsznauau lwenia 1y a1fneu prfueulasenod uazlulnnauazlidinsauin
Uqizensiae ﬁqﬁutﬁlﬂiﬁdwrﬁiﬂmiﬁf]mmﬂﬁ'ﬁ?mmiLm”Luﬁmm"Lmmﬁ@%mfa‘}rﬁummﬁ
Avazfienaulasauussannis (atmospheric nitrogen) wide Tulnsiaudiilanng (appearent

o

nitrogen) aw dsazilsznavdaslulnsiauuwazitmau lusnianlddnindfjizaauuntud

1
a

serulunisAauIiaznudneniAdszneudaafing 2 doune douindnvindjnzenne
aandian azdoud ldnvindjisenme Tulnsauussanis Inadnsdouaesingainse

Ananluainiauielsuansldlumnieai 2.3



10

AN9NT 2-3 LamedauLlsznataadanI AL

e ppm Tagil5inas waluana wuauTua onaulag lua
0O, 209,500 31.998 0.2095 1

N 780,900 28.012 0.7905 3.773

Ar 9,300 38.948
CO, 300 44.009

Air 1,000,000 28.962 1.0000 4.773

annsnauanraTutanaseslulnsauussanAlilaaldudnnisdnannieui

tsznausngfing 2 dou ueazdoudFuiamunianeldlunimen 2.3 ieAanauansgnu

P2

azlfan
M air ~ XO2 M 0,
Xan,

M =

aN,
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Province Feed —stock v oo & Start-up
(Wuduaeil)
1 Guangdong Methanol 8 1994
2 Henan Coad 10 1994
3 Shaanxi Natural Gas 10 1998
4 Shanxi Methanol 10 2000
. 10 August 03
5 Sichuan Natural Gas 100 Decermber 05
6 Shandong Coal 150 May 05
7 Shanghal Cod s, December 05
8 Anhui Methanol 20 December 05
9 Hubei Methanol 100 May 07
10 Shandong Methanol 10 May 07
11 Henan Methanol 100 July 07
12 Jiangsu Methanol 50 August 07
13 Guangdong Methanol 300 September 07
14 Niingxia Coal 210 May 07
1093
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Province Feed —stock Capacity(viususoil)
1 Jiangsu Methanol 200
2 Jiangsu M ethanol 300
3 Y unnan Coad 160
4 Guangdong Methanol 200
5 Anhui Methanol 100
6 Guizhou Cod 180
7 Shangdong Methanol 250
8 Shanghai Cod 50
9 Chongqging Cod 80
10 Inner Mongolia Coad 3000
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Pinnuredemasignandngieunludse 1 dpdnssequ dmiuwesesausd 1 qu
amnsnaunldainaunig (3-12)
m, =m,” 120/ N (3-12)

Tl m, #Ae wavesdemdsignandigiesnalndse 1 5panssequ (kg/cycle)

m, Ae dasnsauiasasemasildainnimagdau (kg/S)

N  #eauidasesaesasesaud (Ipm)
dusuan Discharge Coefficient anunsopuansldainnisduiiinsndnsinisaniiainas

AaaATINI8IN9an Aaganng (3-13)

¢ dm .
@d—qu =m, " 120/N (3-13)

Asart

1 1
a

el Qg AD A9AWANTBLNLT BHRALTAINAS

= o - W a
Uog P8 29ANNATNLNNRLGANTRALTAINAS
T931AINITANINLENN19BALDIIIRA LA LIALAAINHAG 1992 NI NANHAUTIBAELTDINAY
(Fuel Line Pressure) fuaanusuludesiunvidudn iwWedamaagniiudamasinlidaam

wniiundnan Opening Pressure aeswinds usiianaziduansaluaneinaui

s(

¥ o

dﬁl a dl = [~3 £ o al 49{ al :I/ dl dlg’ a al %
TRLNNNNWELIINIRAACAAAILANUDE LATAIMTHAUAZLNNANTUDNATILNDLTDLNAIYNBALTN

o—

3
A a o = 174

griaaunud ITamasazdsasgnandigiasinandnsaunasiuiuluviaanaiiainas
d’l a @ = £

wnndauanluiesenniuan wemasiazgnandngiesnludaunseisduganisie

a

1
a

TANAHDANNNAUIUTIAANE L TALNA TN A AAIAU I AN T0LD T UL LI FURLTINNALT
o a v
Pnanls
s s L4 s ¥ v o n:l' L4
35 ANdNNUEUR9A9LUsN AR NUARNSS DU URILATDIL WA

fautlsfinaadasiuanssnuzansrzecaud 1dun Andawsn (Py), ussdawsen (T,)
wazdnsnnsduildsadaasamnziuan (Brake Specific Fuel Consumption, bsfc) «a-
naswsn (Py), 109iaTaceusiamsnuansls seannis

R =Ty =220 (3-14)
60000

UsgAnsnmninilaaundsnudamaauan (h, )
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h, = (3-15)

mi QHV

fnsnsduldessamasawnziusn (DSfC)

bsfc = - (3-16)

b

pusudanaedeiusn (DMeP) duduirzasaus 4 Az e

bmep = 4p(T, / Vy) (3-17)

Use@nnwidaFunmg (h,)

i P,

Ty

/78
het g T (3-18)
60r . ,V;N

A nnaawsn (KW)

Ao usedawsn (N-m)

bmep e prwsudiwaeaeusn (kPa)

N
Vs

r

a,i

Ao AvmiasaLTaATeeEUs (rpom)
#a Displacement Volume (dm?)

A A nFausaademas (MI)

Aa smsnsaulLAeadamaa (/S)

Aa AnasuUlaasen A lnaidazeseus (kg/m’)

bsfc  Aa dmsnnsdwnldeademdsawnziusn (gkW-hr)

hy
w

A a a dl [ dgl a
AR U9zANTAINNNLL ALIUNATINULTBLNAILLSN

Ao AnuEuden (radls)

36 nsRaswRanasmmMsandainasiiuanzas (18]

& a X -4 " X v d P : a o
NI17LRANAIAINITRALTRLNAINLUNICAN @ﬂﬁfgﬁﬂ’mﬂiﬂuLVI?JUW]W’]?’]NLM@?VI

fvustusnlusl WBun § (foh,) uaz § (f xsfc)
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A a a dl [ dgl a
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sic Ae dnsAuaesdamdesmng (QKW-hr)
Frasanisandamadladan § (foh, ) qegn wazr § (f xsfc) singm faduiuy

ANANITAALTALNANNLUNICANNEA

AU INENTNYINS
AR IUNNINGAY
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a o dg/ 1 :l/ 0 A o ! % o dl
nuddetuLvdumeunsinidaeeniiu 2 dousoaiu suununinlugii 4-1

NNILATITUANITOULUAZNT

UABENANIUTIBILATEIL LA

a % o ai QJdgj a
s2i0AAILNITBAN MEITALNAY

v v
o A, e W o - 5
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4 DME Agn1nzagsia Admansases 4 DME Aanazmassia Admansasen
dl 1 v o =K U ;73 dl 1 v o =K ¥ =
AsFing uartuhndeys Tnelfeemn ALsine] uartundeya tnedinng
oy b = - 1 -
NNIRAIANANNIATFIU UFULaEUAIAINITRATANAY
4 v
Apziiauasnuzuazniglans Apziiaussnuzuaznislans
ANFRUiasannnTgN lst ANFaLiasan NN lnsd
andegyannudulunszuangy andegyannudulunszuangy
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AN INAURIDNAINTITRA

A

\TRINAIFDANTTOUS LA

AN saas DME

v

A71l AN 9L HLNLASY

717 4-1 uapausugRdunaunisaiiun1sae
douusniunimeasuansInnziagiATzinas A ndeyanaunuluiasnn
> a a - 1= o - 1 a Y =
Tudvedlawmiadines Ingliinsliuesanisdeimainas dannmadeuasldqanaaaui
sautlasnainigansnismaasuaunnnsgiu ESC Test Cycle (gnianuan a)
dounaeutunimasenanssnuzuaziinsziniant daindeyananauluieg

o A A - - o ) o X a £ - o
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1
a

nagauReaiuiudauusn TnagavineiuaztidayanlfiomandnasiineAnyinaaiu

NANTZNUUAIDIAINITAALTALNAS

42 nsvegaudaNssauzwazIanNauluiasri il

dl [ % [ L4 L = & 1
ﬂ’]iVIﬂ@@ULW@Qﬁ]ﬂQWN@MIUﬁ@QLBJ’]iﬁll Lﬂuﬂ’]iﬁﬂ‘ﬁqﬂqﬂﬁﬂiﬁ&lLL@ﬁﬂWﬁ‘ﬂ@ﬂﬂZ\]'ﬂﬁl
1% dl 3 a a '8 :// dl a dg/ a dl
ﬁ"J’]N‘E’ﬂuLu’ﬂﬂ@’]ﬂﬂ’]iLNWVLMN“}J’ﬂﬂiﬂLNVIZ\]@L‘VI@? VIQV]@QﬁWﬂW‘E'fIﬂLﬁﬂLW@QNWM?ﬂWHLL@ZVI

BIANNTRATRINANGNN] TauansuNuan1smaaeuauan e lndldlugUn 4-2

@Air Temp

Orifice [ Air Tank

DME Fus

System

Manometer J
Exhaust Out

Balance —‘ Fuel Temp @ Elower

Y
L4

—@ Exhaust Temp
—@ Water Temp

Fuel Line Pressure

Cylinder Pressure =1
_ Cynamometer
Oil Temp @— Engine
Crank Angle ||
Y v ¥
DEW E-Book

9117 4-2 uansuandannanagauaausulusiasiun sl

421 adnsainldlumsnasauanssauzuazinainunwluiadwnn lnsd

4211 \a3asaus

wisavausmagauiiuipsesaus Clailn DI @%a Kubota §u RT-140 feusnalu

717 4-3 Tnawansdayantamatinlunnen 4-1



21171 4-3 LanaLpATaseiAnagaL

b1l

19797 4-1 uansdiayan awaiipnaasiAseseusmagal

150 30Us Kubota

o RT140

Hu inSesuRAanIIgULew 4 fame s21e
anudeudre

UIUGNFL 1

YUIANTZUONGL 97 mm. (Bore)

FIIHN 96 mm. (Stroke)

Ysmnasnszuengu 709 cc.

fdunsosoudaagn 14 hp / 2400 rpm

TR}

1531iAgIga

5.0 kg-m/ 1600 rpm

9 v
suuTo U 1yl

=S dy a
AAroInaelaens

AT1dIUNA09 18:1
194 szian: Bosch KBAL type
anudu: 240 kg/em?
uiiuromas szian: Bosch PFR.M type
VA L B E - A g SqY
sEUUYanau vauiunaeau laeiluInsaeea 1%
v .
Witurasausiia SAE 40 API CF, SAE
30 API CF a2y 2.8 ans
4 4
52UVTEINEANNT B NORINUVDTIAT 32U18ANNT ULV

Natural Convection anug 2.2 aas

NIONTDIDIMA

upudlen
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4212 TaurTudinas

Truntuilimesnldluntmeaeufluuuylalasda (Hydraulic Dynamometer) 14vinlu
nswsnnsuyuaaanan (Water Brake) guf 4-4 uansnwlaunlufimaildlun1magey
4 dl o a g o 1 dg/
dayaineniulaunlnlinesuansfissmanissalilil

Froude Dynamometer dsznausasinaidsitlanasumisiiviulaudmiudase
[ 3 dl ] & dl dl rdl ¥ a ol
funiulawmanfisesnanninardawinenandesaseusinldnagen nelulauludinasi
douiyulinFeuiunarGand Tamas (Rotor) ggun 4-5 Tnanlaimafifluluin (Vanes) &
wauanezadadiananeluFasdanunuadsauluiaisanssnu (ggldsznan) sis
wauazlaimesar ludaFaw (Casing) ndaBeusuluazdludamileutud  lamesAed

1% 1% = o o A o 1 o Y o o & o
naNAANL Nt FeNmAanN LU AR Yea luWe agluanwasdssnudduluinaesisines fa
4 Ao oA o ) : N i A e W, N
Geuiduiirasfuaguuwivaeclaun lufines daludaBeudsainisonyuundcldasing

Baszanninaninyunielusiaizal

;13797 4-2 uansdiayalaunludimas

Yszinnveslan Tuiimes Hydraulic Dynamometer

Awan Redman Heenan International
Company, England

U Froude Hydraulic Dynamometer
(DPX2)

Resolution 0.1kg

anuenuvuauga(lp) 0.3525 m

ﬁﬁqqqqﬂﬁmmm%ﬂlﬁ 150/7500 CV/rpm, (1 CV €0.986
hp)

dl o %’ dl 1 v dl o %’ dl dl dg/ 1
Walsimaduyu dinegludqeargnivnasaanainismes dnngniudaseanilasng

a

1
=

Tgdaanegdedngen dreluluinidazentiasiazasfieuininadiunlineanaugdonils

a a a

Tsimaf R9lun s urBene N aNHILITNN 1993 UB9 ITLAASUAZINAT STUTLATANEUFANTZNAN

slatnasn g Rgeau uingungigandnavasaag duuunialudozenuasla

1
a

aan ilnievieunfagduuy uazdnfiualuadnunununtagnismisuaesiunn deiu
) AL @ 2 ) . 44 bt ]
aunsnUliunisEiinssyinsaLrsaseus lamaan Ui Bunnanag lusaGeu Inanisuyu
115U7191471191980810F2 1301 NANIAANITNTINAUITIaan LT wA1TL AN A1 1 E A
wasesl (dauiadniuseallngalfiane) uananiinisUsunisedeanunsndiuldann

nnsufuauimtszgua (Sluice Plates) sznansluinielsinasuasluiailesfaFau Tl
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MaLliuLATeeeus)

sdEan e W i Tl idisasu i Hydraulc

2119 4-5 namsnwsinananie lureslauntuimasuuylalngga

a

XK o

d: dll 6 © rdl a 1 Yo A dl

Hawrsaseusinau TnnafiiafnagiimwataznaeuyunnlfsaGeu (Tadu
aaszannan) wyumalldaalnadunfluganans il Fauundshl luiefeniuiienig
UHUBBUNAT Aun90dausdanwawaneunseintlssaanisuyunasnduUiusumi

faFaulinduunasluniazanna dunaanangaldainuys (Pointer) AdaGeunazfiuviv
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a -4 o a o o A eal’ [ Y 1 1 %’ o Gl all
TounTudimasiasnsaiunad n1sliuangasesdaiFauidinliissuariiminuiaussd
atfdsRatuuauanga (Balance Am) aassaiFanladiu annnisirdriminiaulsiann

v a o o a o ¥ o a dla/
wihilnaaclaunludinasauiuscazuanaunaredlaunluiiine avldausednnsiounig

WNUBAUNAT TwinAuussdinf liFuaninandaivnesaesATaseumiue

4.2.1.3 neinnutEaTaLLATeEUs

711 4-6 uana Proximity : 2107 47 uans Pulse Meter

a

ansnfldsnnasiiasatlunimaaeail Ae Proximity oiin Iductive sapansusa
3UTRIUATBEE wazldiadtimas (Pulse Meter) LaneAIN S seLTesAse e Tnadn
sia Proximity vlf’iﬁﬁﬂumm”lmuﬂuﬁt,mﬁ WAZAAAIINLTITALAINNITUNUIDINEI LU AL
(Flange) iwanlnunlufiimesilanssdnuiuindeseusd fagufl 46 uaz 47 uazdayanis
waiinvas Proximity #4lunnsinarudaseuiduandlilumnssd 4-3

a‘hm*wéi’nnwm"'mm@mquﬂmnﬁmmmL%iﬂumﬁ;ﬂ\muﬁ asunerladn Proximity
dudugefdmiusannuiaseunuylidunda Tae Proximity wuy Inductive i ende
aunnuslindnniia (Electromagnetic Field) lunnsmsaadusaguiimsneiidulans (Metal
Target) 7irinudnsnluszezanana (Sensing Distance) vesaunsuwsimanviiniisesesn
annda Proximity Al finsdndatudngidivaigiu Sannealudaidenses Proximity
Uszneaudee aaaanusauunuudiuan (Coll), anadatainas (Oscillator), aeasnsaady
(Trigger Circuit) uazasasianvin (Output Circuit) saguls 4-8
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m1997 4-3 wanadiagantameiinaas Proximity al49nmanuiiasasiesasensd

?}ﬁ’@, u OMRON, E2E-X2D1-N
ynaduruguina1g 8 mm (M8)
Type Shielded
Sensing Distance 2mm + 10%
Operating Voltage 12t0 24 VDC
Leakage Current 0.8 mA max.
Response Frequency 1.5 kHz (1,500 pulse/sec)
Operation Load ON
Indicator Operation set indicator (green
LED)
Ambient Temperature 425:Cilo\/0°C
Vibration Resistance 10to 55 Hz
Weight Approx. 45 g
I_.ul-r_. "".'-. I.r':f' ﬁ!',“"— L eclramagrets ——
Z‘l d i .-l'. III- |I .:I."A- I-I I: Rl [
[= I_I :I ﬁ'i—_ ;Lllrul al Cail Ef; j_ t
—_— silalon 21k
% J—_T~| —— v ae Ree dlaior E}ELH i
A
A r_{;

T

i s

rg;cr
= |r|'||l

o Lizad
Laad
Pfira T

71 4-8 uamadaulsznaunelusadeuass Proximity uuy Inductive

Tnuaaadaiamaslu Proximity andnustAae Ul inaNUMATHAT LB NeNNN
afvaunudimdniwiiuazideannsianiinsesduaes (Sensor Face) tuanaan iled
”mq‘?iLﬂu‘ll@mm?;@uﬁ'muLﬁJ’mﬂmmz’éw%wm@mmuLLﬁJmﬁniﬂﬁq d”mqﬁlﬂui@m
ﬁm@"m%@msﬁuwﬁqmm’mmuwLm'LMﬁﬂiWﬁﬁu?@LﬁmﬂﬁiLuﬁﬂqﬁﬁ (Inductive) "¢
nazua il lwaau (Eddy Currents) melushaesingiiilulanziangts wldruentaqn

Pasaunusnaninanas Beimgiidulanzdenaiadlnduaniazmiiaatnlfiie
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nszud i lnasusnau 1Wunisgodandsinasseeadaialnafuiniu 1HaA19e9

LaNUAGAARARITNANTININUA 29ATFIIRTLUAZINATIBNNNATATIAAUALONUAAUATAS

Fuigefiduwuu Normal Close (NC) wiewuy Normal Open (NO) wiledmgiiiiulans

waaunvseanllanniandiduises auinaeienilaqnaetaeadaialnafaznauun

1
a

LANTU 292909998 UATNATLDNNNAZAFIAALIUIATBIUNAATIRNTU uazad o0
saansdlmvizatla (ON or 0ff) asasifiaruesi@qanauanininzilnd Inaasasenvinnas
o ] o % Aﬂl a é’ :l/ o o a e‘:ﬁl o £ dl o o % dl
nsdedtyyrasiadninaauna sl deiadimes denaninnlunisdusuauiadn
a é’ a = [ < 1 1 = 1 o

Aatulu 1 dunfuazuanseanuiduanisiiaseuluniegsausieund Inadiunisaiuon

saannig 4-1

_ (pulse/sec)” 60sec
(tooth no./rev.)

rpm (4-1)

dl v a o ' rdl 1 dl &
s1979% 4-4 uansdiayanisnatinaesiadieesi 1 lun1suanenananuiasaLATase L

e, Ju DIGICON, PM-05

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

Measuring Range 0.0005 kHz to 50 kHz

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

(ON voltage : 4.5-24V,
OFF voltage : 0-1.0V)

Max. Indication 5 digit (19999 to 99999)
Display Accuracy (Update 0.05/0.5/1/2/4/8 sec
Output Cycle)

4214 nsimeans1aullansunstuidainag

[ Y- aa/ A &gl a ) o dy a % aI/ a )
N129ASR AL ABITANAY Azt TmaINAIN T LURITe TagaziinnginlnATa L
TR TSN AAANAN LN U9 N LI AN S UA L AN AAD AN LN UEN TUN13TAF NI A UL ADY
EoWas Tepdeannsasuiavinls 60 Alaniu aviuazidan 2 n¥u Aagud 4-9 uazld
. 4 . R T < . .
wIRNISuaNed LA TN e AL asuwl e Beazianisduaannnlinin

@amasnilaswll 30 nFu



5117 49 uamsgilnsainisindnduldesinfumamas

dl ¥ a olz dl Yo o : A d’l a
An91a7 4-5 mewmg@‘vmmmummmmﬂmmﬂmﬂmmmﬂ@mmﬂme

a4

A7 NS S

Model JADEVER JWA - 60K

Capacity 60 kg

Resolution 2(

Capacity 120 b

Resolution 0.005 lb

Internal Resolution 1/600000

Pan size 320 x 240 mm

Sensitivity Drift 20 ppm /°C (5-35°C)

Operating Temperature | -5°C-40C

Display LCD with backlight, 7 digits

Power 110, 120, 220, 240VAC+10%,
rechargeable battery for 60 hours

Dimension 390L x 345W x 120H (mm)

Option Module 1. Bi - direction RS232 Module Box

2. Relay Module Box

40



41

a

4215 nsinanugi

u

nadnguugiiazldimesTudihila aiin type K (Chromel-Alumel, CA) Tne
siamesluAlidadniudeeuanned A uazfiudeys

o a o dl o v A o dal

Foutlsgmuuninisineuininsdndaail

n.anupRaMANluainialafnauiinviaun lusl 11n13ase mes

Tl lBmeludeinennid gasszudas Orifice Plate funsesennast segulit 4-10

v
a o

AnsanasinAllitlaludennannia

2107 4-10 ugpgani

a qQ

Y
ES ouili i o

2. gauugiunaateu viansansunesiuAlalindantdrauinasefiun

agjfruansrasegy fegua 4-11

a o s 1

A. anuYAUINUUaaaY 1IN13aasune SiuAtidaumunfiiuinse iy
%l o 1 dl Y o o 1 1 %’ o 1 Aﬂl lesr o o Aa d’l
wnifunaeau Ingliindauder luindunaeaunasaad uazlidudaiuiiozeside

quiiluansuniunaaau sgiln 4-11

1. anungdlaide innnsdinsemesiuAdlalinvieleds naliiadmaudaly

==K a s Y o | = [ dl
Neisgaauanaaasmtifnanantesvialaide fagiy 4-12
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4.2.1.6 n1simansinisiuauasannid

nsdndnanisinasesainian wadiazeseus azinsae ONifice dssindae)
a Y o o o dl o o 1 dl dl
Fmaddsineinia gl 4-13 lnadwinennidazdasannisnsyivensasenAd

Tarnw Onfice futlaaunannaanaznI I UaaLATaNLILE LardAAIANNALANATEM

1
a

Orifice Plate ilevinlddnusnsmnénsnisiuazasennis tae’ld Inclined Manometer saguli

4-14 Tpeisneazidsnnisanuaniana 1A luniAgwan @

Auaznsiiags Orifice Plate

31 4-14 wams Inclined Manometer

4.2.1.7T msiaguugiuazanaawussenna (Ambient Conditions)
semInnmagaUaNssnuliiinsdaguunnsvisdanuaranimgiingsiliy
wisresussenia lneldinefudimefuuunssiwilonuaznszidzuiaunuilsan dou

aAuLssanie dalaeldunsedimes Asuanclugili 4-15 uay 4-16
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2119 4-15 ugpaninunseiimas

9117 4-16 ugpsnwimesiuiinas

4.2.1.8 Piezoelectric Pressure Transducer
favunsdnuaz v ansduluienin iaraafudemadinnadwiaanld
Piezoelectric Pressure Transducer d@slaeinlulugnlnseadnaasdssnan daendnnaand dq
%@'ﬂﬂﬂi:fﬂﬂﬁﬁﬂﬂﬂmLﬁfaﬁlmmmzﬁmumﬁn Imﬂﬂ?zaﬁ@'m@@ﬂm%ﬁmLLﬁimuLmﬁ'
nazi lunsdnanasuludeanudiazld Pressure Transducer e AVL su GU12P i

517 4-17 Resanuudquansiazasaus souanslugld 4-19 Geliseazidansimseh 4-6



pana 4-6 uanspmuasiBies Pressure Transducer &ia AVL su GU12P

F1amsTadaus 0-20 Mpa

Overload 25 Mpa

Sensitivity 150 pC/MPa

Linearity < +0.3% FSO

Acceleration Sensitivity <0.001 bar/g

Shock Resistance >2000 g

Fegavgi il 400°C

Insulation Resistance i 20°C >1013 Q

a1 Capacitance 7 pF
Thermal Sensitivity Shift

129 20-400°C <+2%

129 200-300°C <£0.5%

lunnsdapanuduiiedeidamasas 14 Pressure Transducer da KISTLER §u
607C1 sagudt 4-18 Tandmsia Pressure Transducer uuesnesinsiuidemaedasszuing
Hanhtutemaiumida suandug 4-19 SefiseazBeadennss Seflsuanduns

A19197 4-7

panaft 47 uanspnuasiifivns Pressure Transducer &e Kistler su 607C1

%393 19913 0-482,633 kPa
anuduiifaldgaga 098,476 kPa

#1 Sensitivity -0.0174 pC/kPa
gaungii1¥egluang -196-260°C
nugaivgil Intermittent Gas Temperature | 1650°C

a1 Temperature Coefficient of Sensitivity - | 0.02%/°C

S A T
..rl e VIITELE -: .
e
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311 4-17 wamsnmaas Pressure Transducer dwiuinaanuslutoamn s
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S

307 4-18 uanenmaea Pressure Transducer dwsuinanssuidemadiniadniain

307 4-19 ugnesnusmianasiinsia Pressure Transducer dhwsusnanssilusiensnniiuas

o dgll a Aﬂl Y o A
AN AUTALNAINNWNELITNIRA

4.2.1.9 maiudayaninuni
wisns DEWETRON iiluguinsafildluniafiudeyanasslufen niuazaans
Fudemdeinadvinan taednanesidenadaelsunsu Combustion Analyzer Version 6
sinlannnsnifudesanausuuoy Realime lunnsaeiildusies DEWETRON 1 5000-

CA-SE sauanslugiln 4-20 Gefidagananaiingenise 4-8

31 4-20 uwanaissas DEWETRON su 5000-CA-SE
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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 71
MSIs)

Input specification
Max. channels 32
Internal amplifier slot 16
Sampling rate Up to 1 MS/s total
Resolution 12 bit
Input
+10V Standard
+50 V (isolated) DAQP-V modules
Charge DAQP-CHARGE-X modules
Crank or CA input isolated

Computer system
Display 17" TFT / resolution 1280 ~ 1024 pixels
Processor Intel 2.8 GHz
Memory / Hard disk 1 GB / 250 GB high speed
DVD drive DVD -/+ RW
Interface USB, RS232, LPT Ethernet
Operating system Windows XP Professional

4.2.1.10 Charge Amplifier

st asdysyassalniifiareeanunann Piezoelectric Pressure

47

Transducer 1 dudeyeynmsusaiuliln (Analog) iterinluammavitadszunanalser lu
suuuuiidesnssialy Tneld Amplifier su DAQP-CHARGE-A 2 s viteudasdoyayniann
Fuel Line uaz Main Chamber suanluguiii 4-21 toafiteyanamailaganiaad 4-9
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31 4-21 wamse Amplifier 1 SAQP-CHARGE-A

penait 4-9 uansdieyanianaila Amplifier s DAQP-CHARGE-A

Amplifier . DAQP-CHARGE-A
Supported Sensors ICP2 and Charge sensors
Sensor type selection Push button or software
Input Ranges
ICP2 input 0, 20,40, 60 db
Charge input 0.4, 1,10, 100, 1000 mv/pC
Gain Accuracy 1%ES.
Input range finetuning Programmable
Range selection Push button (fixed) or software (all)
Integration Single (velocity), double (displacement)

LED indicators
Range and filter

5LEDS

ICPLED Active with connected ICP2 sensor, inactive for charge input
OVLLED Overload control (output voltage > 5V)

A, Vand D LED Indicator for acceleration velocity and displacement output
Constant current source 381056 mA >26V

Filters (highpass) 0.1Hz,1Hz, 10 Hz (+ 2dB @,

Filters (lowpass) 100 Hz, 1, 3, 10, 50 kHz (+2dB @ f,

Filter selection Push button or software

Filter characteristics Butterworth 80dB / decade (24dBloctave)

Bandwidth, -3dB 0.1 Hz t0 50 kHz (+2dB@ f,

Typ. SNR @ max bandwidth

Gain0.land 1 90dB

Gain 10 87dB

Gain 100 73dB

Gain 1000 54 dB

Gain 1000 60 dB @ 10 kHz

Output voltage +5V (+V peak voltage )

Output noise <8 mV (all ranges with 50 kHz filter)

RS-485 interface Yes

Power supply voltage +9Vye (+10%)

Power consumption

0.6 Wto 1.2 W (depending on sensor)
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4.2.1.11 Crank Angle Encoder

Crank Angle Encoder iugtnanfdususaysdeniasausiasens iadedasa
Is¥ DEWE-Book nsnuiasmdieiviiesansiriaseusuazaanuiiasanisdastus T Crank
Angle Encoder 714duiva Kistler su 2613B fanweuzsagii 4-22 Inelduamnsazden

18samngne 4-10

3117 4-22 uana Crank Angle Encoder &iva Kistler v 2613B

pana 4-10 wansdeyanianeiiavas Crank Angle Encoder e Kistler su 26138

WANNNINNU wuu Infrared Transmissive Lightgate

Crank Angle Encoder Disc wuudl 360 Angle Marks, wiauriudl 1 Trigger Mark
Dynamic Angle Shift < 0,02 earndiewries 7 10.0 rpm

129A21H15 1-20000 rpm

pnduazifiauieaniuligega | 1509

anmgiuondaniean s -30°C fis +60°C

ArdEan oy e < 1 Watt 7 1000 rpm
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4272 szuLTaInRg

nsdiudgeimmnnisldiaamasd miu DME WasannidaBaiiauainuuansis
NNAUAUANTAN AR UAZNNIENIN TUNTUAES Wud A ndusiasminnsdnla

sruupniNalsr anunsnlfimawmas DME 16 Tngssuumammasndqauilsznassail

4.2.2.1 Male Connector

Yaazidansanigan 4-11

angait 4-11 uameseazidanaas Male Connector

314 55-400-1-4
Body Material Stainless Steel
Body Type Male connector
Series Swagelok tube and adapter fittings
End Connection 1 Size U4in

End Connection 1 Type Swagelok® tube fitting

End Connection 2 Size 1/4in

End Connection 2 Type Male NPT

Cleaning Swagelok SC-10




4.2.2.2 Flexible Teflon Hose Adapter

| o ~ a o a
VI@VIHﬂQ’]NmuQQN?’]ﬂ@ﬁL@ﬂ@mﬂmrﬁq\ﬁﬂ 4'12

p99 4-12 uanesnaazidea Flexible Teflon Hose Adapter

5l

14 SS-4BHT-24

-
g o
&

- -
~ h\
Body Material PTFE
- PTFE-Lined, SS Braided Hose Assembly, 1/4 in. SS Tube
Description . \ .
Adapters, 3/16in. Hose Size, 24 in. (60.9 cm) Length
Connection 1 Size 14 in,
Connection 1 Type Tube Stub
Connection 2 Size 141n,
Connection 2 Type Tube Stub
ConnectionSize 14 in,
ConnectionType Tube Stub
eClass 37110201
Hose Length 24.1n. (60.9 cm)
Inner Diameter 0.161n. (4.1 mm)
SiteSearchable Yes
UNSPSC Code 40141504




4.2.2.3 Ball Valve

meaziaanaas Ball Valve uanssamsnan 4-13

19197 4-13 wansseazidanaes Ball Valve

31 SS-42GS4
Descriptof SS 1-Piece 40 Series Ball VaI\./el, 0.6 Cv, 1/41n.
Swagelok Tube Fitting
Flow Path Standard (2-way)
Flow Pattern Straight (2-way)
Valve Material Stainless Steel
End Connection 1 Size 1/4in
End Connection 1 Type Swageloke tube fitting
End Connection 2 Size 14in
End Connection 2 Type Swagelok® tube fitting
Ball/Stem Material Stainless Steel
Packing Modified PTFE
Ring/Disc Material Stainless Steel
NaxTemperaUre W PIESUIE | 55 6 2500 PSIG 148-C 0 172 BAR
Rating
Orifice 1251n

Room Temperature Pressure Rating

2500 PSIG @ 100-F /172 BAR @ 37-C
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4.2.2.4 Double-end Cylinder
muazdunves Double-end Cylinder uanssamnanadi 4-14

pn99it 4-14 uansseazides Double-end Cylinder

51 304L-HDF8-1GAL
Descigl 304 SS Double-end CyIinder,.1/2 in. FNPT, 3785
cm3 (1 Gal.), 1800 psig (124 bar)
Body Material 304L Stainless Steel

Connection 1 Size 121in.

Connection 1 Type Female NPT

Connection 2 Size 121n.,

Connection 2 Type Female NPT
ConnectionSize 121n.
ConnectionType Female NPT

Cylinder volumefinfo 3785 cm3

eClass 36030101
SiteSearchable Yes
UNSPSC Code 24111800




4.2.2.5 Tube Fitting, Male Tube Adapter
seaziaanues Tube Fitting, Male Tube Adapter

psneit 4-15 wansseaziden Tube Fitting, Male Tube Adapter

54

314 SS-4-ta-1-8
Descripton SS Swagelok Tube Fitting, Male Tube Adapter, 1/4 in,
Tube OD x 1/2 in. Male NPT
Body Material Stainless Steel
Body Type Male connector
Series Swagelok tube and adapter fittings
End Connection 1 Size 14in
End Connection 1 Type Frational Swageloke tube adapter
End Connection 2 Size 12in
End Connection 2 Type Male NPT
Cleaning Swagelok SC-10




4.2.2.6 Tube Fitting, Union Tee

Jwazideaved Tube Fitting uaadinsnan 4-16

p99it 4-16 uanssneaziden Tube Fitting, Union Tee

55

514 85-400-3
Description SS Swagelok Tube Fitting, Union Teg, 1/4 in. Tube OD
Body Material Stainless Steel
Body Type Tee
Series Swagelok tube and adapter fittings
End Connection 1 Size Udin
End Connection 1 Type Swagelok® tube fitting
End Connection 2 Size Udin
End Connection 2 Type Swagelok® tube fitting
End Connection 3 Size 14in
End Connection 3 Type Swagelok® tube fitting
Cleaning Swagelok SC-10
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4.2.2.7 Tube Fitting

Twazioen Tube Fitting werasiamsai 4-17

p99i 4-17 uanesneazidea Tube Fitting

514 55-100-1-4
- SS Swagelok Tube Fitting, Reducer, 1/16 in. x 1/4 in. Tube
Description
oD
Body Material Stainless Steel
Body Type Reducer
Series Swagelok tube and adapter fittings
End Connection 1 Size 1/1610n
End Connection 1 Type Swagelok® tube fitting
End Connection 2 Size U4in
End Connection 2 Type Frational Swagelok® tube adapter
Cleaning Swagelok SC-10




4.2.2.8 Stainless steel Cap
meaziden Stainless steel Cap wansiansai 4-18

m99it 4-18 uansseaziden Stainless steel Cap

5/

51 SS-400-C
Description Stainless Steel Cap for 1/4 in. Swagelok Tube Fitting
Body Material Stainless Steel
Cleaning Process Swageloke SC-10
Connection 1 Size Udin.
Connection 1 Type Swagelok® Tube Fitting
ConnectionSize Udin,
ConnectionType Swagelok® Tube Fitting
eClass 37020713
SiteSearchable Yes
UNSPSC Code 40141712
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4.2.2.9 Three-Way Ball Valve
muazdun Three-Way Ball Valve uanssionnsnsdi 4-19

p997 4-19 uanesaazidea Three-Way Ball Valve

314 SS-42GXS4
- SS 1-Piece 40 Series 3-Way Ball Valve, 0.35 Cv, 1/4 in,
Description »
Swagelok Tube Fitting
Flow Path Standard (3-way)
Flow Pattern Switching (3-way)
Valve Material Stainless Steel
End Connection 1 Size / Type 14in/  Swageloke tube fitting
End Connection 2 Size / Type U4dinl Swageloke tube fitting
End Connection 3 Size / Type U4in/ Swagelok® tube fitting
Ball/Stem Material Stainless Steel
Packing Modified PTFE
Ring/Disc Material Stainless Steel
Max Temperatle wilh FIESSIE 300-F @ 2500 PSIG /148:C @ 172 BAR
Rating
Orifice 1251n
Room Temperature Pressure Rating 2500 PSIG @ 100°F /172 BAR @ 37°C
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4.2.2.10 Tube Fitting, Male Connector
saazidea Tube Fitting, Male Connector uamssismnsnadi 4-20

mseit 4-20 uansseaziden Tube Fitting,Male Connector

314 SS-400-1-2RS
Descripton SS Swagelok Tube. Fitting, Male Connector, 1/4 in. Tube OD
x 1/8 in. Male ISO Parallel Thread
Body Material Stainless Steel
Body Type Male connector
Series Swagelok tube and adapter fittings
End Connection 1 Size 141n
End Connection 1 Type Swageloke tube fitting
End Connection 2 Size 1/81n
End Connection 2 Type Male ISO/BSP parallel (RS)
Cleaning Swagelok SC-10
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4.2.2.11 Stainless Steel Gasket
saaziaan Stainless Steel Gasket uanagannaned 4-21

19197 4-21 wansseazidan Stainless Steel Gasket

314 SS-2-RS-2V
o Stainless Steel Gasket for 1/8 in. ISO Parallel Thread (RS)
Description -~ .
Fittings, Fluorocarbon FKM Inner Ring
Body Material Carbon Steel/Fluorocarbon FKM
Cleaning Process Swageloke SC-10
Connection 1 Size 1/8in.
ConnectionSize 1/8in.
eClass 23070101
SiteSearchable Yes
UNSPSC Code 31181500

degrinsaldaniussuuimaimasaananalidnssiuiuladnissiaiusign 4-23 uas

LAPNTLAZLBE AFIAT9N 4-22
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51 4-23 uansnnssiataginaniiasszuLEa A

a9 4-22 senzidangiinsniganuaaudugs (Swagelok)

NUBIAY ginsal
1 Flexible Teflon Hose Tube Adapter
2 Male Connector
3 Ball Valve
4 Sample Cylinder
5 Tube Adapter
6 Union Tee Tube
7 Flexible Teflon Hose Tube Adapter
8 Reducer
9 Male Connector Parallel Threads
10 Gasket
1 Tube Seamless
12 Cap Tube
13 3-Way Ball Valve
14 Male Connector Parallel
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Brake Specific Fuel Consumption @2100 rpm
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Speed | Torque | ESC fsh,
Frequency
rom | N-m () STD-4 STD-2 STD STD+2
1400 | 11.06 0.05 0.8 0.8 0.9 0.8
1400 | 1556 0.05 1.0 1.0 1.0 1.0
1400 | 19.71 0.05 11 I 1.2 1.1
1700 | 11.06 0.1 LA LY. 18 18
1700 | 1556 0.1 2.0 % 2.2 2.1
1700 | 19.71 0.1 2.4 2.5 2.6 2.5
2100 | 11.06 0.05 0.8 0.8 0.9 0.8
2100 | 1556 0.05 1.0 1.0 11 1.0
althn)| 108 11.2 116 11.2

- . -
5119797 9-6 uansr AR uaEIRIINRANNIINAGELANNIAIFIW ESC

AUFRIINN9A U ABIRNIZLLITN

Speed | Torque ESC S
Frequency
rom | N-m () STD-4 STD-2 STD STD+2
1400 | 11.06 0.05 41 41 37 38
1400 | 15.56 0.05 32 32 31 32
1400 | 19.71 0.05 28 28 21 28
1700 | 11.06 0.1 75 74 71 71
1700 | 15.56 0.1 64 58 56 59
1700 | 19.71 0.1 52 50 49 52
2100 | 11.06 0.05 38 38 37 38
2100 | 15.56 0.05 31 32 30 30
altsie)| g | 31 | 33 | 39
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Fuel Line Pressure @11.06 N-m 1400 rpm
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Fuel Line Pressure @11.06 N-m 1700 rpm
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Fuel Line Pressure @11.06 N-m 2100 rpm
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Speed | Torque SOI (CA) EQI (CA)

mm | N-m | STD-4 | STD-2 | STD | STD+2 | STD-4 | STD-2 | STD | STD+2

1400 | 1106 | -176 | -172 | -136 | -112 | 24 | 24 | 12 3.6

1400 | 1556 | -172 | -168 | -14 | -104 | -04 | 04 | 24 48

1400 | 1971 | -156 | -164 | -144 | -104 | 16 0.8 24 6
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2100 | 1556 | -12 12 | -108 | -64 4 3.2 4.8 6.8
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Injection Rate @11.06 N-m 1400 rpm
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Injection Rate @11.06 N-m 1700 rpm
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Injection Rate @11.06 N-m 2100 rpm
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Speed | Torque | 1Banmunnsimmemasusiazanans (mg/cycle)
rpm | N-m STD-4 STD-2 STD STD+2
1400 | 11.06 32.2 3L7 29.0 30.1

1400 | 15.56 o 34.5 338 353
1400 | 19.71 38.8 38.3 36.8 39.2
1700 | 11.06 5.3 28.1 21.6 219
1700 | 15.56 353 314 30.5 32.6
1700 | 19.71 36.5 90’9 33.8 36.1
2100 | 11.06 P 2o 28.0 29.8
2100 | 1556 34.0 34.5 32.3 333
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dl = dg/ a ] o o dl a dl
ANTINN 5'11 LA mﬂ?mmmifmmmwmiuummmmw LINLAAIN

Speed | Torque | WBanmnnsimdemaausiazinans (mglcycle)
rpm | N-m STD-4 STD-2 STD STD+2
11.06 | 1400 32.2 347 29.0 30.1

11.06 | 1700 243 28.1 216 219
11.06 | 2100 90.9 299 28.0 29.8
1556 | 1400 ) 34.5 33.8 353
1556 | 1700 353 314 30.5 32.6
1556 | 2100 34.0 34.5 32.3 333
19.71 | 1400 38.8 38.3 36.8 39.2
19.71 | 1700 36.5 33.9 338 36.1
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ansnth azuusdunisaFrausesuluiesnwlifaneviiasAnisaade maeandn
damsusnanindasuutasannusulufenntudvize dp/dCA Tuarunsniinun
NansnqaEuAun 19 e dennsiatstiuaziansunainaandmnsinig
wlatnudasaruauluieantluifyamgadugausnuaziiadnsnisidagunlaspans
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Pressure (bar)
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Main Chamber @11.06 N-m 1400 rpm
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3117 9-19 uamspruauluieamnludifaauiasen 1400 rpm

usadia 11.06 N-m,15.56 N-m uaz 19.71 N-m
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Main Chamber @11.06 N-m 1700 rpm
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Main Chamber @11.06 N-m 2100 rpm
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5117 5-21 uansmanuauludasunidnasaaisasan 2100 rpm

wsadm 11.06 N-muaz15.56 N-m
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s1379% 9-12 uamsarnsuluiemnndgega

Speed | Torque ausuludaann nligegn (bar)/CAaTDC

rpm N-m STD-4 STD-2 STD STD+2
1400 | 11.06 | 66.84/3.6 | 66.59/3.6 | 61.55/6 | 57.89/6.4
1400 | 1556 | 67.29/5.2 | 67.83/4.8 | 63.19/6.4 | 58.72/8
1400 | 19.71 | 68.76/6.4 | 68.74/6 |67.14/6.8| 58.72/9.2
1700 | 1106 | 6292/6 | 61.67/6 |55.14/6.4 | 50.93/48
1700 | 1556 | 69.41/6.8 | 61.83/6 | 59.56/6 | 53.57/7.6
1700 | 1971 | 65.64/6.8 | 65.21/6.4 | 6273/7.6| 55.63/8
2100 | 1106 | 5241/36 | 55.65/64 |54.62/7.2| 50.26/6
2100 | 1556 | 60.21/6.4 | 59.3/68 |57.41/7.6| 49.85/6
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N o - = . v A o @ o X o oy
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sugegnluiasin udanasssuandlumiaem 9-13

dl o 4 £ dl a dl a dl
m1979% 9-13 uansanusuluiiasrnlulgegaianansnniuseiinash

Torque | Speed pnus e nligegn (bar)/CA aTDC
N-m | rpm STD-4 STD-2 STD STD+2
11.06 | 1400 | 66.84/3.6 | 66.59/3.6 | 61.55/6 | 57.89/6.4
1106 | 1700 | 6292/6 | 61.67/6 |55.14/6.4 | 50.93/48
11.06 | 2100 | 5241/36 | 55.65/64 |5462/7.2| 50.26/6
1556 | 1400 | 67.29/5.2 | 67.83/4.8 | 63.19/6.4 | 58.72/8
1556 | 1700 | 69.41/6.8 | 61.83/6 | 59.56/6 | 5357/7.6
1556 | 2100 | 60.21/64 | 59.3/68 |57.41/7.6| 49.85/6
19.71 | 1400 | 68.76/6.4 | 68.74/6 |67.14/6.8 | 58.72/9.2
1971 | 1700 | 65.64/6.8 | 65.21/6.4 | 6273/7.6| 55.63/8
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dp/dCA @11.06 N-m 1400 rpm
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5117 5-22 uansdnsniaasuunlasaausuludessnludifianuasau 1400 rpm
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dp/dCA @11.06 N-m 1700 rpm
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dp/dCA @11.06 N-m 2100 rpm
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Heat Release Rate @11.06 N-m 1400 rpm
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Heat Release Rate @11.06 N-m 1700 rpm
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Heat Release Rate @11.06 N-m 2100 rpm
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combustion phase sasasansanidainasanantin STD-4 duazaiilesaindnddnsinig
1 a oo i 1 a o
ALTANRINAUFANTMNTAALTANAIN U
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WinAunesusdnaziliAusdnnislaesanfeugeqnaginsainqaAutane Ll

X = - o | 1 a . o e |
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Ngassuanalunisen 9-14

dl o I ez ! v
m13097 9-14 uapssnuniledmsnisiaesaaniengegn

Speed | TOQUE: | s smsnmmsiosnsrsongan (Crank Angl)
rpm N-m | STD-4 | STD-2 | SID | STD+2
1400 | 11.06 0 0 2 3.6
1400 | 1556 | 16 1.2 4 6.8
1400 | 1971 | 32 24 4.4 8.8
1700 | 11.06 | 28 2.8 6 8.8
1700 | 1596 | 24 2 4.4 1.2
1700 | 1871 | 24 1.6 4.4 6.4
2100 | 1106 | 84 6.8 7.6 10.8
2100 | 1556 | &6 6 6.8 10.8
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dl 4 [ 1 % dl a dl a dl
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Torque | Speed Aumisgnanstsegranssengean (Crank Angle)
N-m | rpm | STD-4 | STD-2 | STD | STD+2
11.06 | 1400 0 0 2 3.6
11.06 | 1700 | 28 2.8 6 8.8
1106 | 2100 | 84 6.8 1.6 10.8
1556 | 1400 16 1.2 4 6.8
1556 | 1700 | 24 3.2 4.4 1.2
1556 | 2100 | 56 6 6.8 10.8
1971 | 1400 | 32 2.4 4.4 8.8
1971 | 1700 | 24 1.6 4.4 6.4
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Speed | Torque anAudnanenisaseaan¥en (Degree aTDC)
rom | N-m | STD-4 | STD-2 | STD | STD+2

1400 | 11.06 | 28 2.4 6.4 8

1400 | 1556 | 52 4.4 fo 9.6
1400 [ 1971 | b5 5.6 6.8 108
1700 | 11.06 | 64 6 9.8 13.6
1700 | 1536 | 52 7.6 8.4 124
1700 | 1971 | 76 6.8 8 12

2100 [ 1106 | 168 | 124 | 128 | 164
2100 | 15956 | 112 | 116 | 128 | 188

N . @ ~ s - X = 1o 8 v
LN@W@’]?M’W]WVNNLﬁ"’J‘E@‘LIﬂ\iVIWU’J’]LN@Nﬂ’]ﬁ‘LWN‘H%‘H@\?LLNU@%JVI’]SLM@W’]QQ
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Torque Speed qaduenananislaaaninnFan (Degree aTDC)
N-m | rpm | STD-4 | SID-2 | SID | STD+2

11.06 | 1400 | 28 2.4 6.4 8

11.06 | 1700 | 64 6 9.8 13.6
1106 | 2100 | 168 | 124 | 128 | 164
1556 | 1400 | 52 4.4 () 9.6
1556 | 1700 | 52 7.6 8.4 124
1556 | 2100 | 112 | 116 | 128 | 188

1971 | 1400 | 56 5.6 6.8 108
1971 | 1700 | 76 6.8 8 12
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Speed | Torque fnaanuieuivgaanismntudd (%)
rom | N-m | STD-4 | STD-2 | SID | STD+2

1400 | 1106 | 46 46 44 43
1400 | 1556 | 45 46 45 41
1400 | 19.71 | 43 43 44 42
1700 | 1106 | 47 48 49 a4
1700 | 1556 | 49 49 47 42
1700 | 1971 | 47 49 47 39
2100 | 1106 | 35 37 38 35
2100 | 1556 | 37 37 38 34
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Torque | Speed SnmdauiiauAuaenanlud (%)

N-m rom | STD-4 | STD-2 | STD | STD+2
11.06 | 1400 46 46 44 43
11.06 | 1700 47 43 49 44
1106 | 2100 | 35 37 38 35
1556 | 1400 | 45 46 45 41
1556 | 1700 49 49 41 42
1556 | 2100 | 37 37 38 34
19.71 | 1400 | 43 43 44 42
1971 | 1700 | 47 49 47 39
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Integrate Heat Release @11.06 N-m 1400 rpm
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Integrate Heat Release @11.06 N-m 1700 rpm
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Integrate Heat Release @11.06 N-m 2100 rpm
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Speed Torque n1stlaaspuiaugnd (J)

rpm N-m STD-4 STD-2 STD STD+2
1400 11.06 324.58 295.85 391.9 429.36
1400 15.56 416.23 390.31 483.45 538.81
1400 19.71 549.88 474.3 560.39 599.88
1700 11.06 397.26 358.48 345.8 368.77
1700 15.56 e 393.65 408.73 434.52
1700 19.71 570.1 474.59 489.57 544.15
2100 11.06 386.01 450.63 465.96 471.39
2100 15.56 575.45 560.33 565.49 562.41
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Torque Speed n1stlaespanuiaugnd (J)

N-m rpm STD-4 STD-2 STD STD+2
11.06 1400 324.58 295.85 3919 429.36
11.06 1700 397.26 358.48 345.8 368.77
11.06 2100 386.01 450.63 465.96 471.39
15.56 1400 416.23 390.31 483.45 538.81
15.56 1700 512.25 393.65 408.73 434.52
15.56 2100 560.33 565.49 562.41 560.33
19.71 1400 549.88 4743 560.39 599.88
19.71 1700 570.1 474.59 489.57 544.15
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Mass Fraction Burn @11.06 N-m 1400 rpm

0.6
0.5
0.4 ; STD-4
STD-2
2 0.3 /' ¥
) / STD
0.2 //Z/ — -STD+2
0 T /' T T T T
-20 -10 0 10 20 30
Crank Angle (Degree)
Mass Fraction Burn @15.56 N-m 1400 rpm
0.6 — = -
0.5 -
0.4 / STD-4
STD-2
2 03 s
// STD
0.2 // — =STD+2
/4
- //,){
0 T T T T T
20 -10 0 10 20 30
Crank Angle (Degree)
Mass Fraction Burn @19.71 N-m 1400 rpm
0.6
0.5 e
0.4 % STD-4
STD-2
x / / STD
0.2 / — =STD+2
Ly /_./;
0 T T T T T
-20 -10 0 10 20 30

Crank Angle (Degree)

5117 59-31 uansdndaunnariowmasiunludnaaudasau 1400 rpm

usadia 11.06 N-m,15.56 N-m uaz 19.71 N-m




122

Mass Fraction Burn @11.06 N-m 1700 rpm
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Mass Fraction Burn @11.06 N-m 2100 rpm
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Speed | Torque Mass Fraction Bumn

rpm N-m | STD-4 | STD-2 | STD | STD+2
1400 | 1106 | 035 0.33 0.48 05
1400 | 1556 | 041 04 0.48 0.54
1400 | 19.71 05 0.44 0.54 0.55
1700 | 11.06 | 048 0.44 0.44 0.46
1700 | 15.56 | 051 0.44 0.47 0.47
1700 | 1971 | 055 0.49 0.49 0.53
2100 | 11.06 | 045 0.53 0.58 0.56
2100 | 1556 | 059 0.57 0.62 0.6
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Speed | Torque dasardinisqasziiin (CA)

rpm N-m | STD-4 | STD-2 | STD | STD+2
1400 | 11.06 8 7.6 1.2 6.4
1400 | 15.56 8 ir 7.2 6.4
1400 | 1971 | 64 6.8 6.4 6
1700 | 11.06 { 112 | 108 | 104 | 104
1700™ 1580 41/ 16 10.4 9.6 9.6
1700 | 1971 | 84 8.8 8.8 8
2100 | 11.06 | 124 8 7.6 7.2
2100 | 1556 | 6.8 1.2 6.8 6.4
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Speed | Torque SOC (CA) EOC (CA)

mm | N-m | STD-4 | STD-2 | STD | STD+2 | STD-4 | STD-2 | STD | STD+2
1400 | 11.06 | -96 | -96 | -64 | -48 | 176 | 168 | 232 | 252
1400 | 1556 | -92 | -96 | -6.8 -4 28 | 212 | 244 | 292
1400 | 1971 | -92 | -9.6 -8 44 | 256 | 256 | 256 32
1700 | 1106 | -64 | 64 | -32 | -04 | 208 | 196 | 232 | 312
1700 | 1556 | -84 -6 4.8 2 196 | 216 | 232 32
1700 | 1971 | -72 | -76 -6 28 | 244 22 236 | 348
2100 | 11.06 | -24 | -36 | -28 0 52.8 40 388 | 4712
2100 | 1556 | 562 | -48 -4 0 396 | 392 | 408 | 552

\Hean9nIAINANA AENAWN 13N duazandug AN i anunsntinunm

At e Getaenisnlvdedeanande wneaeusqaizusunsmn il lilaud

qaaugan1swnluy Inednsnisunindiuliuanslinwnmei 9-26 uazanssh 5-27
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Speed | Torque daenswmntugd (Degree)

rpm N-m | STD-4 | STD-2 | STD | STD+2
1400 | 1106 | 272 | 264 | 296 30
1400 | 1556 | 32 308 | 312 | 332
1400 | 1971 | 348 | 352 | 336 | 364
1700 | 11.06 | 27.2 26 264 | 316
1700™ 15806 41/ 28 21,6 28 34
17000 10571 FF J3163 (820.6, S 2%  37.6
21004 100" P55 2B by |\ 406, | 47.2
2100 | 1556 | 44.8 44 448 | 55.2

dl 1 v =W = e‘ai a dl
A197197 5-27 nansgaanisiun sfaaslawiasmasnusadnmn

Torque | Speed daenainludl (Degree)
N-m | Rpm | STD-4 | STD-2 | STD | STD+2

11.06 | 1400 | 272 | 264 | 296 30
11.06 | 1700 | 27.2 26 264 | 316
11.06 | 2100 | 552 | 436 | 416 | 472
1556 | 1400 32 308 | 312 | 332
1556 | 1700 28 21.6 28 34
1556 | 2100 | 44.8 44 448 | 55.2
1971 | 1400 | 348 | 352 | 336 | 364
1971 | 1700 | 316 | 296 | 296 | 376
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amggu 1SO 3046 MAaadasiumsnasauiazasaus [13]

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 il 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

1501000, 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.

15O 1585, Road vehicles - Engine test code - Net power.

15O 2534, Road vehicles - Engine test code - Gross power.

1SO 2710, Reciprocating internal combustion engines - General definitions.

1SO 3046/2, Reciprocating internal combustion engines - Performance - Part 2 .
Engine tests.
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ISO 3046/4, Reciprocating internal combustion engines - Performance - Part 4
Speed governing.

1SO 3046/6, Reciprocating internal combustion engines - Performance - Part 6
Overspeed protection

n.4 Units and terms

n.4.1 The units used are those of the International System of Units (SI Unit)
described in 1SO 1000.

n.4.2 The general engine terms used are as defined in 1SO 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,=300K (27 %)
Relative humidity :
f.=60%
Charge air coolant temperature .
T,=300K (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.
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 1SO 1585 and 1SO 2534 may be applied but they shall be stated.

n.0. Auxiliaries
n.6.1 Introduction
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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.
ltems 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.06.4 essential auxiliary : ltem 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 :
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).
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b) the kind of power output (see 7.3).
c) the kind of power (see 7.3).
d) the corresponding engine speed.
NOTE
1. The term used in a) to ¢) 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 Standad shall be
determined in accordance with 1SO 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.
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
crankshatts 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.L.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
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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;

b) essential independent as define in 6.3 and 6.4;

c) 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
1.2.24).

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 nitervals 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 wil
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 permtted and the
appropriate engine speed.
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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,
NOTES
1. The power of marine main propulsion engines is normally limited to to continuous
power, so that the overload power cannot be given in service. However, for special
applications, marine mnain 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 o that the fuel stop power cannot exceeded.
n.7.4 Kinds of statements of power
n.7.4.1 1SO powers
n.7.4.1.11SO power
Power determined under the operating conditions of the manufacturer's test bad
and adjusied to the standard reference conditions in clause 5.
n.7.4.1.2 1SO 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 hed:;
b) with the declared power adjusted to the standard reference conditions given
in clause 5;
c) the maintenance prescribed by the engine manufacturer being carried out.
n.7.4.2 Service power
Power determined under the ambient and operating conditions of an engine
application.
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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;
c) 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.
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 kJlkg (10,030 kcallkg).
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 .
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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 litres 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
sha!l be declared.

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

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
(seenote 1) :
P,=aP (n-1)
a=k-0.7(1-k g_ ¢ (seenote2) (n-2)

k= af ,p O'eF, 0T, (n-3)
TR génx 5
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 formua (3)

o

cr

k=2,

et

9F. 0 (n-4)
x @ 2

C



Where :

<R (s
P, is the brake power;

D, Is the standard reference total barometric pressure;

D, is the saturation vapour pressure under standard reference conditions;

f, 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);

T, IS the substitute reference absolute air temperature to be stated by the
manufacturer:

p, is the boost pressure ratio at declared power under standard reference
conditions to be stated by the manufacturer;

Pn IS 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;

h,, is the mechanical efficiency (see note 4);

P, is the brake power under the conditions being considered;

p, is the total barometric pressure condition being considered;

D, IS the saturation vapour pressure under pressure the conditions being
conside,ed;

f , is the relative humidity condition being considered:;

T, is the absolute air temperature being considered;

T,, s the absolute charge air coolant temperature at charge air cooler inlet being
considered.

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

note 5).
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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 favouravle 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.

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 h, = 0.80 will be assumed.

5. When declaring the ISO standard power the engine manufacturer shall state which of
the fomulae 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 :
b, =bb, (n-6)

where b =kla (n-7)
where ;

b is the specific fuel consumption

b is the fuel consumption adjustment factor

a isthe 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.
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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.

Table n-1 - Numerical values for power adjustment

Engine type Condition Formula | Factor Exponents
reference | a m n q
Power limited by A 1 075 0
Non - air excess
Compression | turbocharged Power limited by B 0 1 1 0
ignition ol thermal reason
engineand | Turbocharged
dual-fuel without charge Low and C 0 |07 ] 2 0
engines alr cooling medium speed
Turbocharged four-stroke
with charge engine D 0 |07 ] 12| 1
air cooling
Spark ignition Non - E 1 108 |05 | 0
engines turbocharged
using Turbocharged | Low and medium
gaseous fuel with charge speed four-speed F 0 | 057|055 | 175
air cooling engine
Spark ignition
engines Naturally G 1 1 1051 0
using aspirated
liquid fuel

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
nay other specific information; for example in formula reference D, for an engine with the
charge air cooled by engine jacket water, the value for exponent q could be zero. At
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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 vapour 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.

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.
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NOTE - For certain applications of variable engines it is common practice to supply a
power/speed diagram covering the ranges of power over which the engine can be used
in continuous and in short period operation.
¢) The direction of rotation (see ISO 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 turbocaharged 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.
) The type of governing, with speed droop of required (see ISO 3046/4 and 1SO
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 cooing system with the rates of
circulation of the cooling fluids.
m) (From air cooled engines only.) Whether hot air discharge ducting can be
fitted.
n) A schedule recommended maintenance and overhaul periods.
p) Specifications and lower calorific values of fuels recommended.
g) 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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nsinansIn4 luaaasannidnaeds Air Box Method [14]
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Orifice Diameter (mm.) | Air Flow Rate (m%/s) | Mass Flow Rate (kgls)
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nwanuasanw Orifice Flow Meter
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Ae Wurugudnatsaas Orifice Plate (m)
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| o 3
An 1B3umsdaedngnau (M°)

An ANBIsaLILATRseIu s g (PM)

aunflerniafiluadu Orifice Plate ifluaeslnadasalails (Incompressible

Flow) uaziansanldipaumuusduassennidasi - anaunisiwasfysa azléan

1nel
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p
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L
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P +Vl Y L0\ +Z (2-2)
gair Zg ga|r Zg
A Aawss (kPa)

Aa AuIFaanna (M/S)

Ao atindamnzaesainaa (kgmss?) = r g

Ao Avusuduaasainad (KgIm?) wirsu 1,165 kg/m® 7 30°C

)y

A szAuANga (M)

Ae Arpsusaiiesannussiincaszastan (MS?) wiadu 9.807 m/s?

wanewe) siaviee 1 uaz 2 Aesumibsaning 1 uaz 2 Tugil 9-1 991 musasv
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azlifauifaaasainid muauniai (2-3)

e 3

ngluacinu Orifice a=iin Vena Contracta ﬁﬁlq@zﬁﬂﬁmﬂmﬁqﬁ@ﬂﬂquﬂﬁ

AN At aAaNTTuaLLLALS) azlddnanigivalaauaalasaIne Aa



155

Ma =Cpol VA, (2-4)
et Cy, e Discharge Coefficient zes orifice plate
A, Aazwnaas Orifice (M)
nsfnnasnsaausuanasex Orffice Plate azdnlneldunueiines Teaslden
Head Tuming mMH,0 Feansnsariandnuaninnasnsmanssunnases Orifice Plate ‘14
AINANNT
Dp=ry,,9 Dh (2-5)
Tned Dh  Ae uasine Head Agnuldannunueiiines (MmH,0)
M0 Pe s unzerin (Kgim®) windu 997 kgim?

Havaunis (2-3) uaz (2-5) anunuasluannig (a-4) azldaunisminlldenu Ae

Ma = CDOAO\/2r arl 100 DN (2-6)

fariuangunis (2-7) uaz (2-8) azanunsondnsdounaniionassiaainie uas
Equivalent ratio lsannannissiasialyll

FIA = A (2T

CDOAO\/2r il 1,00 DN

Equivalent ratio =
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Test Cycle [16]
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amggrunsnaaautrzasaus ESC Test Cycle [16]

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.

| Mode | Engine Speed | % Load | Weight factor, % | Duration_
0 15

1 Low idle 4 minutes
2 A 100 8 2 minutes
3 = 50 10 2 minutes
4 B 78 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
i0 @ 100 8 2 minutes
11 C 25 5 2 minutes
12 C 75 5 2 minutes
13 C 50 5 2 minutes
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Figure 1. Eurepean Stationary Cyele (ESC)

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 he used during the test are then calculated
from the following formulas:

A= nlo + 0.25(nhi - nlo)

B =nlo + 0.50(nhi - nlo)

C =nlo + 0.75(nhi - nlo)

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).
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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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dl ¥ [ % o L4 & dl a a '8
p1979% -1 wansdayananimaseudnanusuluieann ndidelflauniadines

ts' = dgj a
VI@Qﬁ'ﬁﬂW?'ﬁlﬂL‘ﬁ@LW@\?Nqﬁlﬁﬁqu

Corrected

Speed | Load | torque T Power | Fuel sfc he | Airflow
rpm kg Nm Nm Kw (g/s) | (g/Kkw.h) [ (%) | (gls)
1400 | 32 | 1106 | 1105 | 162 | 0.34 745 170 | 7.83
1400 | 45 | 1556 | 1554 | 228 | 039 623 203 | 783
1400 | 57 | 1971 | 1968 | 289 | 043 536 236 | 780
1700 | 32 | 11.06 11 19 | 039 709 179 | 870
1700 | 45 | 1556 | 1546 | 275 | 043 565 224 | 867
1700 | 57 | 1971 19.6 349 | 048 | 4% 256 | 867
2100 | 32 | 11.06 11 242 | 049 730 173 | 9.88
2100 | 45 | 1556 | 15.44 34 0.57 599 211 | 9.89

dl ! 7 [ o 2 & dl a a '8
a9 9-1 (sie) uansdeyananimmeaasdanansuludenn vdideldlnuiadines

Aﬂl 2 éj a
NAIAIMNITRAALTBLNANINIATTIU

Temperature
Speed | Load | torque | Exhuast | oil | water | airbox | WT | DT
rpm kg Nm C C C e C C
1400 | 32 | 11.06 1616 | 764 | 656 316 | 256 | 295
1400 | 45 | 15.56 186.7 | 76.1 | 664 317 | 254 | 294
1400 | 57 | 1971 210.1 | 688 | 65.8 314 | 256 | 293
1700 | 32 | 11.06 1798 | 832 | 664 313 | 261 | 286
1700 | 45 | 15.56 2117 | 833 | 68 313 25 | 285
1700 | 57 | 197 2334 | 814 | 68 315 | 262 | 287
2100 | 32 | 11.06 2169 | 782 | 65.4 314 25 | 286
2100 | 45 | 1556 2445 | 684 | 626 313 | 248 | 282
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dl ¥ [ % o L4 9 dl a a '8
F19797 9-2 wansdayananiamaseudnanusuluieann ndileldlawiadmes

AasAnRamanasaentn STD-4

Corrected

Speed | Load | torque T Power | Fuel sfc he | Airflow
rpm kg Nm Nm Kw (g/s) | (g/Kkw.h) [ (%) | (gls)
1400 | 32 | 1106 | 1123 | 165 | 0.38 822 154 | 821
1400 | 45 | 1556 | 1582 | 232 | 041 642 197 | 818
1400 | 57 | 1971 | 2006 | 294 | 045 554 229 | 815
1700 | 32 | 1106 | 11.22 2 0.42 749 169 | 885
1700 | 45 | 1556 | 15.74 2.8 0.50 642 197 | 888
1700 | 57 | 1971 [ 2006 | 357 | 052 521 243 | 8711
2100 | 32 | 1106 | 1123 | 247 | 052 763 16,6 | 10.25
2100 | 45 | 1556 | 1574 | 346 | 0.0 619 204 | 10.32

dl ! 7 [ o 2 & dl a a '8
a9 9-2 (sia) uansdeyananismeaasdanansuludenn vdideldlouiadines

AavAn12amaInasaentn STD-4

Temperature

Speed | Load | torque | Exhuast | oil | water | airbox | WT | DT
rpm kg Nm C C C e C C

1400 | 32 | 11.06 159.7 | 595 | 622 345 | 292 | 324
1400 | 45 | 15.56 186 69.1 | 682 349 | 292 | 328
1400 | 57 | 1971 2114 | 751 | 715 3Bl 292 3

1700 | 32 | 11.06 1774 | 673 | 669 a1l | 291 32

1700 | 45 | 15.56 2025 | 505 | 534 334 | 292 | 314
1700 | 57 | 197 235 813 | 724 363 | 293|331
2100 | 32 | 11.06 223 8l4 | 71 34.7 29 | 322
2100 | 45 | 1556 2411 | 733 | 681 44 | 288 | 314
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dl ¥ [ % o L4 9 dl a a '8
5119797 -3 wansdayananismaseudnanusuluieann ndilaldlawiiadmes

RasAnNgaAmaInaIaeutn STD-2

Corrected

Speed | Load | torque T Power | Fuel sfc he | Airflow
rpm kg Nm Nm Kw (g/s) | (g/Kkw.h) [ (%) | (gls)
1400 | 32 | 1107 | 1112 | 163 | 037 817 155 | 7.86
1400 | 45 | 1556 | 1565 | 229 | 040 631 201 | 7.86
1400 | 57 | 1971 | 1985 | 291 | 045 553 229 | 786
1700 | 32 | 1107 ( 1115 | 198 | 041 739 171 | 860
1700 | 45 | 1556 | 1562 | 278 | 0.44 576 220 | 861
1700 | 57 | 1971 | 1978 | 352 | 049 499 254 | 861
2100 | 32 | 1107 | 1115 | 245 | 052 769 165 | 10.04
2100 | 45 | 1556 | 1566 | 344 | 0.60 632 200 | 10.05

dl ! 7 [ o 2 & dl a a '8
m19w7 9-3 (sia) uansdeyananimmeaasdanainsulutenn vdideldlnuiadines

AavAnN122amaInasaentn STD-2

Temperature

Speed | Load | torque | Exhuast | oil | water | airbox | WT | DT
rpm kg Nm C C C e C C
1400 | 32 | 11.06 1608 | 559 | 608 21 | 212 | 308
1400 | 45 | 15.56 187 645 | 65 326 |262 ]| 31
1400 | 57 | 1971 2128 | 736 | 705 333 | 268 | 314
1700 | 32 | 11.06 1785 | 855 | 709 338 21 | 314
1700 | 45 | 15.56 2114 | 837 | 715 338 | 269 | 306
1700 | 57 | 197 230 813 | 712 336 | 269 | 305
2100 | 32 | 11.06 2145 85 | 699 33.6 21 | 314
2100 | 45 | 1556 2423 | 763 | 675 333 | 266 | 312
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dl ¥ [ % [ & & dl a a '8
F1979% 94 wansdayananimaseudnaanusuluien dideldlawiadines

RasAngRamaInasantn STD+2

Corrected

Speed | Load | torque T Power | Fuel sfc h | Airflow
rpm kg Nm Nm Kw (g/s) | (g/Kkw.h) [ (%) | (gls)
1400 | 32 | 1106 | 1121 | 164 | 035 770 164 | 787
1400 | 45 | 1556 | 1578 | 231 | 041 641 197 | 7.86
1400 | 57 | 1971 20 293 | 046 562 225 | 183
1700 | 32 | 11.06 | 11.24 2 0.40 712 178 | 854
1700 | 45 | 1556 15.8 2. BIRNIN 06 590 214 | 852
1700 | 57 | 1971 | 2001 | 356 | 051 517 245 | 852
2100 | 32 | 1106 | 11201 | 247 | 052 760 16.7 | 10.08
2100 | 45 | 1556 | 1581 | 348 | 0.8 604 210 | 10.07

dl ! v [ o 2 & dl a a '8
m19w -4 (sia) uansdeyananismaaeudanainsulukenn vdideldlnuiadnes

navAINsRAmaINAIaEn STD+2

Temperature

Speed | Load | torque | Exhuast | oil | water | airbox | WT | DT
rpm kg Nm C C C e C C
1400 | 32 | 11.06 1673 | 614 | 65.1 344 | 263 | 318
1400 | 45 | 15.56 196 695 | 685 34.8 21 | 32
1400 | 57 | 1971 2259 | 746 | T2 35 21 | 32.2
1700 | 32 | 11.06 1976 | 863 | 727 356 | 267 | 324
1700 | 45 | 1556 2235 86 | 736 355 | 268 | 324
1700 | 57 | 197 2528 | 827 | 743 34 | 269 | 324
2100 | 32 | 1106 2296 | 798 | 69.2 35 265 | 31.8
2100 | 45 | 1556 2133 | 946 | 76.2 b5 | 268 | 326
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197 -1 uansuaniamageuiaRsiauAuEN TN AR

prwsuendy | aawdasey | Load | wssin | msnnsiilnadiemas (Sec/30g)
wiaam (Dar)

(rpm) kg | (N-m)
1400 312 || <N 92.70
1400 L R 82.72

80 1400 b =L 1o 73.34
1400 6.7 | 2317 67.71
1400 3l 106 101.84
1400 45 | 1556 86.18

90 1400 el < LAl 75.88
1400 67, - [« 23l 69.56
1400 3.2 < | 316 91.34
1400 | 45 | 1556 usadinlaingd

110 1400 57 | 19.71 usadlnlslnadi
1400 6.7 | 2317 wsadinlalnsd
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