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# # 5170378221: MAJOR MECHANICAL ENGINEERING

KEYWORDS: DME /HCCI / COMBUSTION / PERFORMANCE
PANJAPHON NUANLA-ONG: MODIFICATION OF A SMALL DIESEL ENGINE TO
A DME-HCCI ENGINE. ADVISOR: ASSOC. PROF. KANIT WATTANAVICHIEN,
Ph.D., 162 pp.

The objective of this research is aimed to develop a small diesel engine to be a DME HCCI engine. The operation was
divided into 2 stages: stage one is to modify an engine such as calculation to find proper compression ratio, modify an intake port to
decrease swirl rate, design a combustion chamber by increasing Tumble and install gas control system. stage two is to study the
effects of compression ratio and equivalence ratio on the performance of HCCI engine by using DME as fuel. The constant speed
steady state full load tests at variable speeds with controlling a constant DME supply pressure at all conditions were performed. The
fuel supply to the engine was varies by adjusting the opening of the needle control valve. And testing with compression ratio at 18,
13.7 and 10.3.

From the modified engine was found in the modification of the intake manifold to reduce the flow rate (Swirl) by the
entrance of air. The designation of the combustion chamber for increasing the flow around an axis of perpendicular to the cylinder axis
(Tumble) by modification of piston head to a cone. Because of the heat transfer in a consistent position of burner. The engine will be
better in the combustion efficiency. In addition, the installation of fuel gas system, the venturi mixer. It is designed to supply the fuel-air
into the intake manifold to suit the needs of the air with a mixture of a mixture of DME HCCI engine was developed. When consider the
auto ignition temperature of DME and the relationship between the in-cylinder temperature of the engine without burning with degree
crank angle (Motored cycle) and found that the compression ratio at 10.3 is the most appropriate. Because, this compression ratio has
degree crank angle of the ignition is not too fast and in-cylinder temperature is high enough to compensate the heat loss in heat
transfer to the walls of combustion engine. Degree of the ignition occurred at an appropriate crank angle position to get the maximum
brake torque (Maximum brake torque).

From the performance test of the engine with 10.3 compression ratio, the maximum load at steady state. At a constant
speed as 1300 rpm and the equivalence ratio at 0.415, corrected brake torque to the maximum value is 21.8 N.m and the brake mean
effective pressure is 387 kPa, while the speed of 1400 rpm and the equivalence ratio at 0.344, The brake specific fuel consumption to
the minimum is 395 g / kW.h and the specific total energy consumption to the minimum is 11.2 MJ / kW.h and the highest thermal
efficiency is 32%. In the part of the equivalence ratio to operation in engine performance. Found that increasing equivalence ratio of
DME will cause the engine corrected brake torque lower down. This may be influenced by the equivalence ratio to the degree of pre-
ignition occurs from the top dead center. Considering the temperature of the DME is found to be present in the combustion chamber
temperature of 235 C or 502 K, the ignition timing, if it happens too fast. Pressure will result in increased resistance to compression
stroke. And found that the equivalent ratio of DME is too thin, the ignition timing is too late. The major part of the expansion stroke. The
engine brake torque lower down the same. For the influence of the speed of the engine. The equivalence ratio was fixed at one. All of
the engine compression ratio. When the engine speed is greater. As a result, the corrected brake torque is lower.

Finally, this research can be concluded that the developed DME-HCCI engine can operates at room temperature without
intake air heating. Stable and smoothly operates as the original diesel engine, although power was reduced in proportion to the
heating value of fuel and the exhaust emissions contain no black smoke at all testing conditions. The results of this study will either be
used for the implementation of HCCI engine in the real world application, or for the development of the DME fuel supply for HCCI

engine in a near future.

Department :......Mechanical Engineering..  Student’s Signature ................coovviinn.

Field of Study :...Mechanical Enqineering..  Advisor's Signature .................cccoooooe.....
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a
4 !

AR ANIL Yunueany Wngn szuaunnsalawmsdu (dehydration) azléidy DME s

a

3
aenflul e LA [1]



Methanol synthesis:

CO+2H, = CH,OH, AH?, =-90.3kJmol™

Methanol dehydration:

2CH,OH = CH,0CH, +H,0,  AH? =23.4kJmol™

Water-gas shift:

CO+H,0 = H, +CO,, AH?. = 40.9kJmol™

Net reaction:

3CO+3H, = CH,O0CH, +CO,, AH?, =2586kJmol™

Syngas ‘ﬁlLﬂuﬁq;ﬁﬁummﬂﬁﬁ"&mu@nmn%mﬁmmmnﬁ”’mﬁﬁmﬁLL&’Q £19
ANTRAR AN uiukarNaaatsTanawliansas asanimaglaan DME iy
Femadmansnsondaliananssadumaneaiia nsnanaciitufumainndaumale
uwissvifienethafien Seliparuaansalunisrauaum AR RN duEnT T
IR

dwSunINAn DME anndnsseduiiiuzecuds i sna ansdanan sise diufiu
Faadnazuauniaierinlidngaunatsdufnadunmsineu anufesuNIzLAUNIN
pnazeafneildiewd axdhnszuaunsduensd  DME seld Gannil 22 Huans

nszununslagaglunisnasn DME fsannanssesuiiduinguazaaguds

HEAT
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y \d

T
1
1
|
1
1 Auto Thermal
1
1
1
|
L

Natural Gas

Reformer

|
1 Steam
e ——

T
1
I
1
1
|
1

HO ||

) 1 Air/ O /Steam

X 2
1
v

v | A y v
|
Coal Gas Cleaning+ fon +
—bpre[rea“—nent-b(}asificalion-lb X DME . *Scpér'atlgn =D ME
Biomass : Gas Processing Synthesis Purification
T T T T T
A/ 1 A/ I A4 1
Solid Gaseous : A sh : Solid Gaseous : Mec¢OH
S
W astes 1 1 W astes 1
1 1
v v L
HEAT

AN 2-2 NITUIUNTHAR DME



AnUfisen fAananadanmlédn nsndn DME  aunson@m ldAeudndneile

dy o~ Y o
wFeueuiunIsNanfatingasN wan (LPG) N# Feein1989n U4 luNN9a e AUNIN
u@nmnﬁuﬁqmnmmam DME  #@nu1soiiy Snenuazauds Tuansnizimnanusuniie

Uinsiasuan

2.3  ANUAMILANLAZNNENATNARY DME

ANTANNNNEANaas DME Raulnadesiu dmamastinsasuiman i Twaiwu

a0 A

(Propane) uaziiamu (Butane) HAn@muetfludos 55-60 aqdAmnnndindunsaiantias

nsn ey DME asandnaetia DME azatTuaniusing ngnunaves lunisin DMET

a

Taugntsoin i ilugeamasngaini -25°C NIRuALLIIENNIA WiTeLlegndnNAlIN

AuLlsTine 6 WinesANAULITIIINIA (6 bar) Nanmnities iU Arauduled

AU N9 129 DME wanal5lun9d 2-1

F1379% 2-1  AauALlered DME Mignungiising [2]

T (K) P (kPa)
264.30 1935
274.63 281.6
280.50 342.4
290.14 465.4
295.12 540.1
307.86 773.2
312.92 880.9
326.76 1245.9
327.44 1267.1
333.81 1467.9
334.79 1504.9
340.67 1712.0
354.66 2297.8
361.18 2620.5
376.03 3463.4
383.17 3950.7
390.42 4486.5
394.44 4812.1
397.46 5083.6




TnapnuantiEnan e nwaznaniimamnas lamiadmasiiuanslilunnsem 2-2

FNINY 2-2  AUANTIRNINNNENIWULAEN1ALARTR9 DME [3]

Property DME
Chemical formula CH,OCH,
Mole weight [g/mol] 46.07
C ratio [Y%wt] 52.2
H ratio [Y%owt] 13
O ratio [Y%wt] 34.8
S ratio [Yowt] 0
Stoich. A/F ratio 9:1
Boiling Point [°C] -24.9
Explosion limit in air [vol.%] 3.4~17
Auto Ignition temperature [°C] 235
Liquid Viscosity [cP] 0.15
Liquid density at 20°C [kg/m3] 668
Lower Heating Value [kJ/kg] 28430
Latent heat of evaporation [kJ/kg] 460
Vapor pressure @ 20°C [MPa] 0.51
Cetane Number 55-60

24  mswlusiuas DME

Tung zusunsening @@ﬂ%muslummﬁ%Lﬂuﬁqﬁﬁﬂﬁﬁ?mﬁuﬁ@maq
dautlsznandu luenia u enfneu mfueulaeenlas uazlulanauaslidhdauin
Upfizensae ﬁqﬁulﬁﬂiﬁdwﬁi@ﬂ%‘ﬁmqmﬂﬁﬁ"&mmmmiwﬁmm DME AuenaA asas

e lulmsiauussannie  (atmospheric  nitrogen)  wee lulnsiaunlsng  (appearent



. -l% dl v 24 d‘ ell 1Y o ana £
nitrogen) 1 Avazdsznaudaelulnsiauuazingau lweainianldidainggizen il

v
o o

aetiluntsAaznudn luliniaieaniadseneudaefing 2 deune dauidnyindisen
A 2 ] dl [ aaa A o ! 24 a
A eandiay wazdiud idnindjisenre Tulnsiauussainia nadnadauaesfinzaiio

sinee Iuan luaniawialduanaldlumsei 2-3

AN 2-3 A1 NauIRIRINALIE [4]

et ppm tngfsums | waaluianag wrdaulug | dngndaulaelua
0, 209,500 31.998 0.2095 1
N, 780,900 28.012 0.7905 3.773
Ar 9,300 38.948

CO, 300 44.009

Air 1,000,000 28.962 1.0000 4773

aunsnAuruialuanavesulpsauussanalalag lduannisdnainiAusis
dsznausaaiing 2 dou usazrasuiiFuinmunuanslilumnsen 2-3 IeaAnausnsdau

aylp9n

FadaunuAazlfdnuaaluiananeslulnsiauusseinis (aN,) i 28.16 g/mol

dmiudnsaanisinlud DME ansnsaidewiluanniseiline

C,H,0+3(0, +3.773N,) - 2CO, +3H,0 +3.773x 3N,

v
LAZAINITDATUIUEAINAIUITUINITAINAIA LN A LS A

= =0.111
M . 3x((2x16) +(3.773x 2x14))

air

(Ej Meuo (2x12) +6+16
A S



FadauFouiauiuivesima  (FANUsENNe 0.0690-0.0697) wazwialaas

1
g

(HAdszunns  0.0685) azwinladn AaelddaunaniuIndndniunIsNa N RgILHANNDA
(Stoichiometric Mixture) ¥aanaaann1euiiel&en T BB enauReat DME 418190
el lufind S eenfinuanndy iluvpuausniiaduayusninly  DME audu
Femaiufinseduwinden fmiLrdaunaniasinld  DME ﬁmiﬂiﬁ”@@lumqr}ﬁtﬁi
0.0555 (A9uuaN1Ng) Tlauia 0.294 (d9unanun)

annisanssiall wudiuanatnazausawn ludldanysnilae a1 Funamasin
pfuRULAzA FUsUNaLLen A ANMNNLE 2 miﬂ@'@ﬂmﬁwﬁluj fifaamladae iy nis
Uasafingngululnsiausanlss (NO,) @gﬂuﬂ?mmﬁﬁhmnLﬁ@l,ﬁﬂuﬁumﬂ,miuﬁﬁlfﬁ@

PR a @ v | o g X A | &
Lu@\i@ﬂﬂ@qmﬁﬂuuqMWﬁﬂﬂlﬂﬂﬂ’]‘iLN'ﬂﬁumﬂ’]ﬁﬂﬂ’)’] LAazuUana Ny LWataNn DME VLNNT-]'-]?L@@

%

uaassginziu (sulfur) faagnngdenainaslddinmngudameseanlasgnianiaas

29NNIANNTELIUNNTLEN g Anauafin Anadeisaesnguisilufitaiilasonsoniulet
Tuanaudaazlfiiulenss Gailusumgueanisfiadunsald vivelazesing  Naiuvivaes

X A - a aAca A A4 a
ﬂ@ﬂquﬁﬂ“@zﬁﬂm?\i[ﬂﬂLuﬂLﬁl'ﬂsﬂﬂ\‘]@\‘]Nﬁﬁqm I@ﬂLﬂquLu@ Lﬂ@@@uU?L"JMIW?QQHﬂLL@%@(NE”H

|
= %

6V i// =K 3| dld o dgj a =K 3| o A dld
N17aALUTUNUNNTINARIRUTUEANNHANNAIATININ LALITRIWAY  DME aufluFiaanng

o

'
a aaa

FUTi IHARANTN TN LA UIAINIFAANANIILUA L ANNIT U UR I AR AINT IR

Tuwinstandansnass Wu@ﬁﬂﬂﬁﬁ‘mﬂiﬁﬁm%ﬁ@'ﬁ‘mq NANAR|L ﬂWTLN’]VLMmu

a

sasEusALEa [7] Wudnguugi geganisTudasmnud 860 2040.9 K uaz 2151.9 K AN

u a q

a

v v 1
nnedauld DME uaztinduseadluimainaininag1sy lunstiaad DME SANAIN9INT0
5 o o o o v ' a ' 23 v o o
petngunratszinns 100°C Mnliuasngguu gisendnsing ludeauwn nduas sy

o o o § v = ! Y A v A a
dasnndidAranasauinlinisgoydaainnistnamanufaudaAdeuasin Wanaisun
Bunaunacuindandassain nnsenltue @ewwas lutaeine (a9 expansion  process)
1 = a 1 = % o A [3 £ o a o 1
wudnlunstlaas  DME dargandnlunsilaasinsiupiaa antas uavfaddnsnisilaas

- S @ = Yy oA I~
\TRINAINTIATILATARILRININNIARY AenLansldluning 2-3
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950
200
850 DME
800
750
700
650 1
600
550 i

500 | Diiesel
450 '

400
350
300 u
250 :
200
150

1 &
100 A\Jg
50 5"5‘-""-’“‘" Bt A et e a o . i
o Ji —

50 -

Cumulative Energy Released (J)

220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
Crank Angle (°)

2-3 dmgnN1slansnatuTaueuszYd1e DME uay e Anelfisaulanig

=b_

AN
NAKBLNANNIFITOULATEIEUS 1500 rpm  ANNIEN1INIU 45 N'm 289

LATANEIUA Cl 2U1A 1330 cm’ ARINEIUNIA98A 16.5:1 [5]

25  wudaldnlunisuanuaznislgauluauian

A

1 v 1 1
flaqifuilyunizas Bunudiseses @amasnaluzeussoud miuynismein

o o o

Tan dmneudansldizamasiudnsnduegluiaqiiudnduaemasomunllainian us

1 1 ¥
a =K o A

dl ' j a A nll ¥ v 1 e ! 4
@QVI@SMN@iﬂﬂ@MLﬁ]@LW@\?ﬂ@ an1ANas livnala aedaiFeusandniunisianising

1 1
= A =

a o 4 % = d” a A dl % a o
LAEIAN uﬂﬂLﬁﬁ]N@VlVﬂlﬂLﬁ"]mﬂﬂNLﬂ]’ﬂLWZ\]\W]’NLZ\]@T']LW@LLﬂﬂQ.}I‘I/T’]"JﬂE]ﬁ]W@\NWu HANNITUAS

1
1 1 1 v 1
ANAaNDataItiaAINe) Btk luneuiwantiuAani1stl DME unld@annliluauam

n1suaR DME Huwsltiunazu@nuinau dangnasuazinistin il ludusine sanune

FaNUAAS I UAINT 2-4

Conventional
Fuels at $20/8
crude oil

=1
g
=
g
s

150
(140) (210)

Methanol (DME) Price/Cost,
$/ton

A 2-4 wunltiusan DME luaunam
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2.6 n1su@an DME lusnalszina

taqiiutlszmesing 1AfnsTasaniainend Uudn DME 1nung i ldeuanaed
DME siufiaunananla iwasainidanasiiuanuuninisenauiuaiunsoulsgillfiann
dy a 1 1 a o % I & dl 1 dl ' d’l
TaLNAIIIAIgNaa TN I ismiuus Tiunargnasnd miduegpeuil Tnaluilsvnea
sineelfflAsanIgiNeaiL DME Aall

szinAay

faqtiutsuinaansnsniiglssamuautiauainnsnlunisuan DME 1 Ausisiet]
Tnadlssanunszansagmunnasiie] dngauvdnilsuldazanainiuniueauastig

iu arunsnagdindsnisnas luilaqiiulfnanisieh 2-4

FN399 2-4  NNAINITUAR DME annumunasiee] lutlszimaau

Capacity
Province Feed —stock Start-up
(RuFumall)
1 Guangdong Methanol 8 1994
2 Henan Coal 10 1994
3 Shaanxi Natural Gas 10 1998
4 Shanxi Methanol 10 2000
10 August 03
5 Sichuan Natural Gas
100 December 05
6 Shandong Coal 150 May 05
7 Shanghai Coal 5 December 05
8 Anhui Methanol 20 December 05
9 Hubei Methanol 100 May 07
10 Shandong Methanol 10 May 07
11 Henan Methanol 100 July 07
12 Jiangsu Methanol 50 August 07
13 Guangdong Methanol 300 September 07
14 Niingxia Coal 210 May 07
1093
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X o A oA a A o o a o
u’ﬂﬂ'ﬂ’muﬂﬁ‘zmﬂ@Wﬁﬁ?Miﬁﬂ?tﬂ]ﬂ‘ﬁu@uﬂﬂmiﬂ?Gﬂ’]ﬁ“Vl @szuﬂ’]mﬂflﬁ‘N@ﬁlLﬂu

4,510 aususailluaupnlneananaldlumisnen 2-5

AN919% 2-5  TATNIANANAINITHAR DME TUUAa NN ATIadaLs

Province Feed —stock Capacity(Wuﬁu@i aTJ)

1 Jiangsu Methanol 200
2 Jiangsu Methanol 300
3 Yunnan Coal 160
4 Guangdong Methanol 200
5 Anhui Methanol 100
6 Guizhou Coal 180
7 Shangdong Methanol 250
8 Shanghai Coal 50
9 Chongging Coal 80
10 InnerMongolia Coal 3000

4510

Uszinadiilu

|

v
%

Tassnnstaniasiedewiletl 1981 iWhilnsenisiean DME Tnelfiuniueaann
nszUAUNNTLENT (dehydration) Feflamlazasdifeatuayldld DME nauiu LPG uay
Wiludemamaunuluesasuiioa TnadusEmsne) athady Toyota Tsusho A
fouile lnalinNAaINITHEm 100,000 siusall

UszinAnIuale

TAsan1s MOCIE daButlsynnaldiiie] 2007 lnemnausufiaziin DME 14luasnns
gefanialudl 2012 tnautislaiiu 3 gaq

2007-2008 - 5191599 UAR DME Ssazudaiadalutl 2008 tnedfindanisuan

10 AUADIY
- f%Tmr%qmmgmu@:ﬂgmﬁﬂu%u
2009-  3GulAsantsduLL

2010-2012 -  NUHUILNLNIAINARALTTYW 3000 Fusady
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szinaaslea

Tuilaqiiuilszmadllaan1sa¥1elswnunas DME TRAAININER 1.3 A1usu

aldlunisuaniu LPG
UszinAansu
UsznABNIIUN N176@ER DME a1n methanol IAgnszLqunis  dehydration WA

fixed-bed reactorlntilfindsNIINGn 8 uawusiusiel
wananigaiilasanisnan DME lutszinmduanann dudssmeaiiam tszme

Fae Uszimpanigewdni Usuinadna dssmalungu EU wazdsuinausnda

2.7 n5bd DME luilaqiiu

©

AmFuludounistin DME 1l TaiTasenisiin i lduaneTasannasfian

1. n13uaN DME 13iifiu 20% AufiaiedulngainnisAnsanudn ulinnsnetinal
@zﬁﬂﬁﬁhmmamm?@u@mmLwicg’jﬁimﬁizimmmLmﬂm’mLmnﬁmié’umn’]iﬁ%muﬁ
azinlifadinsdanmasandnededesndn o

2. naldunuidamasiisalusnusmnauinsine wodhillssd vanamgandn finns
aasuans NO, PaeninuazireseuiinnGauReaundn

3. Meldluanaunssunanliiin UsE¥n GE waz13dv Siemens Westinghouse &
mold DME e’ essdmnssualiiluouioiufng - Geduss@vininuazuafiven
University of Kita Kyushu ma‘lﬁ’fmmﬁummm Japan DME Forum, JDF AIGEIE

FULLULUNNT1E DME luntsuan i snsiazagsusddunidnielu
28 pmwansailunisld DME lurasasausduaidniely

281 <amlunisld DME

dapuainisld DME unuinsunimaluezasaus Cl sznauldsqanisanag

%

2193 lalasanuau (HC) uazanfusuneuuanlas (CO) lulaidy iasainlassaineluiana

= o

2199 DME Heandiau (0,) uasdilsznavatszninamniuaus amsuausasldldqautiam

=

Tnemsa Asuniamnludees DME azlsiifiaan (soot) wsaruazany (particulate matters

vira PM) uananni DME lifldamefiduadlsznay seivashineliinn so, uazlidadu

=

A" (black smoke)aNnisnaaatnszUuNIsENludaes  DME  wiud1 Hgnuundaindd

q

nszuaunsEn lvdaasama asinli NO, anas snndnisld indupims wanainil
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A5l DME AulAzageus Cl aisasdamnadiaeamnss axliidesd HaaInnism1ea1ud [Reu

1 73 . .
n971113 1 conventional diesel

282 aaidglunisld DME

HAYANNANANNINEAUYAY DME HANANNINURSITAINANALEA ATUNAIIN1N

'
a

1#ann1amn lusiaes DME AAglAIAINGN TEIRA laRI N8l a9 TN ndimanae HAn

XD

[ 4
10 o a |

NI LazANUEATe DME Annndnsinduaiea neliiianngia (leakage) Nilu (pumps)

wazdaan (fuel injectors) AedNNTRNENIUaeANdN AN L DME wetlasiunisdn
] o Y o o a - = o 1

nfaulaznIiaTasresiin  (pumps) Uaziinam (fuel injectors) umimmmqmm

(Additive) WdqeisnIsuaeauliiy DME  Taslngiasldansigausa (Additive) Mdnng

WENUINIATN reformulated diesel



unn 3

NG NNLITAINUMTEN NN WA ANTTOUTUDILATOILIUR

31 ngunsinbusl

EZ a aI/ dgj a a al/ =K

nawn ludfiilunseununiseendnduaeamewnds et liunnens Tuanazes
AUy wazlalasiau virarasaslsznavlalnsanfueu TanstuatinamsaunAe e

a v Z’/ 1 o = [~ % .
grunyiganF anivlantaasndsuaanunvizailunszuaunisanaaanian  (Exothermic

v o all 1 a [3 o v v [ a 1
process) dnnasuntantassaanuiiAuinne fazsinlinnsmn mdanusaaiiusely
vy o L. | v o a X o o P

IAdnFialea (Self sustaining) agefatiias Ingnismn ugaziiniufestan1asimunzau
1T AUNANTEY dTemATUeenTlnesesluTaaaas  flammability limit gounRDeAN

a o

QUM Auto  ignition WAL HATWANNUENAUAINIIAINANURB AN (Activation
| % a a a tdl Y a a o a dq( ?/ o Y A
energy) {lusiu Tnanalnnisiiadnsanuiase azidnsozintunasduneudutourse
fudfnsangnld (Chain  reaction) uazifendesiuansuaraatinluusasdunanaesnis
AadfAzenti uenantunisunnddaungdiesiuaatimansial (Chemical kinetics) &9
all ¥ o =3 a a a = = o dl
neadesiunalnuazanuidaresnianadjisaaiizesans Inalinneaaiasowazidasug

a

WALNUARLATANFRUAEN9IALTY AMNUANAaTANARSIAN WU M RNENENAaENS
wnfednsnsfialireetieiradunaunes ezt i Asiadnsnsinl §isen
dl o [~3 a aaa v
(Rate constant) wWazukad uazarITnAUILMIANEITesAnU TR IH Tae
RANIUNAINANNANRUS NN AN ASERERINa AU TFENTasefialiag (Arrhenius’ law
. ! Dd‘d a a ¥ A o A
of reaction rate constant) wazNUdNTTLLNSEN WMENHUsEANENNGIARINAN LT

o o A A ol eV vo o ' A o
ANATUAD Nﬂ’]?LN"IIMNVl@Nuﬂ?m llmﬂq@\iﬂqu”ﬂ@ﬂllﬁlﬂﬁm LAz Uantasananemi

32 nszuaumaenlusiraadamasiiraluasaseus Cl
zﬁ”ﬂﬂmmmﬂizmumnmiumum?mﬂuﬁ@gmuﬁmé’fmmiﬁm (Compress Ignition,
c)  awnsananldlneaguael Ae demAuasazgnandaanudigalasszuas
Foina dingdasnlndludaslanenesdsazdn  (Compression Stroke) i nanfauGEy
Ml deenuulfidnties IsandomnasvatEnLesi e (Orifice) TurAEnTilans

= 2 (3 dgl a o dl 3 4 4
IDANIEAITNLTIQN LTDLNAIURIASLLAN safluazaniias LL@%LF’]@@ML“H’]T]JIMM@QLNWTVIN

wasantuasiansszmefuladomasuazuaniue naluisann lndnlguugigauay
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a o =

AYNAWEY TIRINNIINGUUNHUAZANNAULEIBINARANGININEN1IENNI9AsETn

qQ U

(Ignition Point) 28908 NaIaNENWE9a190 (Ignition Delay) Uszanend 2-3 a9A1NAN

Fangeuaa Az ENRANTE Idra9dauNanaed81n TALAZITIBINGS faennsqasiiingog

1 1 i
! =

Fialed (Auto-Ignition) TULFINGIUNANTBIR N ALALLTRINAINE MINFIRAMNIZAN N1

v o

AMALlUNITIANGLINNTW anTiIaiian1sdndaasdrunanndsldinaniswn Ingdlu

1%

watEiaNl Az iinAN1sanssiinresdiunani - Hansdoumnizanatingsioiios Insd
Ignition Delay duas  awminlhiianisienlusdaenaanisa lun1siuensnisszive v
X a , oA A 0 Y , a X a o o a . o
danasmadauiaaet I luddae dounnsdamamasdensaiiusalil aunseis
[y X a ad v v v A v o [ o
IiEuauaamasnidngieann danunlaniuald Tnanszuounisunnsoduazeasas
LAZIMIRLTRIWAUNAY |, NTRANTLEINA Lazn19mn e adaln A anNAaziin
o 5 . Yoo o o s ve oo do o
at19FaLlas uanaIntinIInanszdeeANGIAwae et luasn Idiuuwiantiidawn
v (24 dl ¥ % a ] 1 dl o o
Tnfuazuianun lugdudn aziine d1edeiilasnaanszaziaain1sun el ludamsaanasi
(Expansion Stroke) szuuniaiun ludaasasasaus CF w2 uuumudnssaasiad

o X
VRl IAD!

3.2.1  szuuARLTRAINAILAE/ASY (Direct Injection or DI Systems)

X o o aN Yy oA =< a X a v v
?5‘]_|‘]_|u3~|‘1)1@\7LN"‘IVL‘V]NLLUUUJ@V]@\‘]LWEQ FINNTRA b @LW@QL?W@M@\TLNWIV@?T@HV]?Q

a

TaadnEruzaiadtun lwsidussning 3-1

DY

= .
v

NN 3-1 Haaun lsaeaa?aseus Cl uuy DI [4]
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322 STULRAATRINANLALAAN (Indirect Injection or IDI Systems)
d”d v v 1 | v d’j a al v v L7 v
seuuiieauwn lndutiadu 2 dee Inamamasasgnandnllluieswnludans
(Pre-chamber) @aida4 (Throat) siaruiaanusdudn (Main Chamber) Tasdnsuzand
g didusaning 3-2

nszLUNTT dresaATaseus IDI awnsnasunaagllifal Euannludaedanngy

o ' A

8m aanAazgnananeden lndudaniatmilatiogngu iy Throat il ludeamnlugd

U

1 4

AU ANTUNT9gATINEI8999MZ R AXRANTINYUIU (Swirl) TB4BINNABEINNL IS Tag

Q
¥

azin1san@amacdn il ludaann udacamiin udsanndas Ignition Delay waa azizuiin

{
=

gt sl ludaann lndianantin iWamnusunimuanann s s luiaann lsanantin

D

gendnausuluieswn ludiudnudn dounauniidswnludagazgnaundudnlyudieann

U U

o

£ o dl o = dp a 1 1 dl o aaa al o
Tududn lwangivhandsnsanmainatetnesaiiasaanunuaniasinljisa iy
annAlwian danautin  wdnaanuinanisuanuanniAse td e wsivan uay

Ran1gun datinesieliasauiugadazase s

\\ 3 Y ‘\\S\
O A \
NN
! N
Vo v TR R
[ I N § AL AANN \
H LA AN
\ ;
N \ d
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Q- J-" a. dofh Fuel a- -[‘ m - da; Fuel
1SI CAl/HCCI
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Fuel

Q= rnp-dq;+Jﬂaﬂ;-dq;
1
cl

=3

AN 3-4 ANHOUTARINTZLIBNNTHA Il uATage s Awma wialaaw wayHCC
W8 Q= total amount of heat, g=heat per mass unit, m=mass,

N=number of reaction zone, K=total number of heat release reaction [6]
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AINHTRULBILATANEI LB LL‘LI\ﬂﬁL‘L]‘LL 2 TINAD ‘ﬂQQﬂ{]ﬂ?ﬂWWQMMQNMW (Low temperature

reaction, LTR) wazda9tliseniignimniings (High temperature reaction, HTR) @eilfjnsen
! 1 a d’g ! dg/ :l/ ! i o ! = o ~ ~ a a
@Qulﬂ@Lﬂ@musLuq]Q\‘]u UANAMNUUNUINNDAATIRVUANLALALIINL LN@LWNQWMQNi@@ AN

Ty
a K 1

pnsuluesen ndeesjrsenFusdures DME  auiinauetadinlddandizes n-
heptane uaznIsinANALleR azdenalil A1 IMEP HAngeaulasen IMEP 283019 ld

IRWAY n-heptane AzHAIGININTBITALNAY DME WeA IMEP 299013 11 aInas DME Az

geanlddnnuiualadaniindusnldlusinnnndr 30% Inesanunsatiimonuduiug

o 1 a o L aidai dl %
UBN MQLL‘]JWH\‘I“’I N'\’JLﬂﬁ"ﬁ:ﬁﬁﬁﬂ@ﬂ’]')ﬂ’]ﬁ‘ﬂéﬂ’mﬂumm‘ﬂfﬂﬁ‘ﬂ’ﬂ\i Lﬂi'ﬂ\iﬁluﬁﬂm

A mFuauidtaesyinasnaninnanenae Tull 2555 atin muides uas toyana
wIaazaad [34] IAMnsAneINaTa9daulsn1svnauReaNsInUEI9dLATedaus HCCI Nl
DME \{ui@ainas TeinnnsnagauLAsasei ufUuiunAaaLINan 19 AN LEIgn Fot

ANINIFIIRLAINANGNNT AR 1200, 1300 AT 1400 rpm IAEAILIANAIINAWTRINITANY

a

aaimae DME Tiasd Ainaniaznisnaasy waztfuifunouamenasiana liiuueseseus
Ipenn9U5uniatlpndadinaiinlsuaziasn  (Needle Vale) HANNINAZALANITOUTNUIN

dl a c & a o = QI -z(( dl & v 1 a 1 o
Waldandqdnrialiuasiaaainuay eTess um@zlﬂﬂ’]LLNU@LU?ﬂLLTﬂﬂLL@%@’W’]Q’]N@M

a

fanaafeiungaau naAtusadawnuilagegaien 21.8 Nm uazAIANAUiNaIaas

q

ISP ISP

LWINGIAANAT 387 kPa NAYINITII8Y 1300 rpm IHeAMUNANTAERIdIuaNys  0.415

Q

IPENIFNNLTN TN AUNANNNNTZUD  SiATaseus HCCl o azlddanaliiAidmnsinig
Audasameam@asanmnziuanliuiinauniniin seanananalddn nstfunissigeaui

azldnsenulviAlse@nsnni@eanuFauniad InaAdnIIN123 UL A A INASAINAE

a

WINANGANAN 395 g/kW.h uazilsrAnBnimiGennnuieugeqaian 32 % NAnuiEasau

q a

[ %

1400 rpm NARMINAIUANYA 0.344  waNANUUWLIN 1AFeseus  DME-HCCI  7vinng

o 49{ dal 3 9/dl a v 1 = o v dl

Wnunauil awnsannaulingungvesiaelmaainnisguled aunsoinuldasiuay
1 o a o

= al all 1 ] dl aglj
IULTEIU LLﬂziﬂLmﬂWﬂﬂﬂﬂﬂﬂﬂﬂ\ﬂh\mﬁﬁ] UAMNNANIIZNITNAADL NAIINITUIAEIU

wananaziuiuanislunisinaTaseus HCCI atlsygne liauasesaliludn dsaunem
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|
a

s ldiszensiveimundanisacuandTunnumawas DME Ndaneliiuwasesaust HCCI

%
[R10el4!

o))}

At JadEes, Usvanlan nna uwazAne [35] NINNTANHILALALATIZANTLHN
ludraamama Dimethyl Ether (DME) lulpraasus Homogeneous Charge Compression

Ignition (HCCI) AAWmUIAALLAINIANNIATRRUARAIATUIARN  LAENINITNARELILAS

D

AnmzimaenivdimesTemas DME luesastus HCC Savinfiannnzasinnszgaged
A5 9RLL AR SEILAAST 1200, 1300 wag 1400 rpm BN Tidn19zAE NaNNTATEWLIAN
lumawnlvdimesdamadlusiesud DME-HCC ﬁwmﬁmwmummﬂmmL%@L‘waqﬁm
siafuikirasasnnsqssidaGudiy Aened qummﬂ@‘ﬁ'Lﬁuuﬁﬂ%udamaiﬁ@qﬁﬁﬂﬁiﬂm

1 ¥

sl BnsuAnuatingutnauuNInaw anviedae lianun lduazAtansudnaiage

B3
o ! )

=P X a = o oA X ' A = N
UIHANINTUGIY dndunaalTainas DME N InddaAnintuetnenidaleinaiis
ARIdIuANYATIa9T ANAY DME doulutastinugumngisnesnislaasaiiuiauaes
\P3asEus HCCH Wald DME luimaingdy naiiintEnnudmnandouanya1eaonaing

U 1 o 2% ] s A dl =3 %
Wu3 dosresasaian i uazesanisn ludetinssaniaiinisuasunlasdniias
dl [~1 1 1 a 1 % dy a dl =
MnAEarey uazluto sdauguunigeednistaasAinienaeanas DME el
MIANARIIAIUANYATBTWAS DME wudnlutgasesailaslWiwmun dnisnlasuuilas
Tudnwozinawanies wilugosesminismnludetngsanialAnisa et 1995

9/4‘ % a o dy o a o 9 d” a

AN AAINIUAAEE avdaunsniinandwsinsun Indaesdendas  DME T

wisaeiusl HCC! Tiltlsyeneineimun1ilfiazaseus DME-HCCI fidlanssnuzgsalil

At TWAEes, Uszanlta Twana [36] Anwiaanutlsdsauaesipdnssedpdns
1041ATaselsl DME-HCCI Tneanaasunisnl usiaesiAzesasl DME-HCCI Naniazuseln
AIAANITZAIA NANTNITITOLLATANIUAAST 1200, 1300 waz 1400 rom WAININNITLALIKA

¥ o 4 a ! o o o o 4 !
1esdayanuiuluiiesn ndFiaseriuaiuu 120 4pdnsniswn vl aannismeasunudn
H ¥ 1
A NLsLsaUTed ) Anesed)dns1eeAIAINALEY NALRALLNTLR4LATEEWA DME-HCCI

g e v A o . 2 el | a X
Nﬁ’WLﬂZ\]EIuLLﬂ@\‘iL@ﬂ‘uﬂilLN@@W?’W@QNZ@NH@LL@&ﬂ’Wizsﬂﬂ\‘iLﬂﬁ"ﬂ\mumuﬂﬂwmmu



uni 5
alnsaluazigmiiunmsian
5.1 ainsaitldlumsnasay

5.1.1 tAsRsEUATdNAgaL

Tunnudsoitlals intasoudaia 4 T9mz e aadainailagasd Kubota RT140
Fenauias IwiiuiaIasaud DME-HCCI I@mﬁagamamﬂﬁﬂmauﬂ%awuﬂ@ﬁmm 191w

a13197 5-1 [37]

AN3197 5-1 AL UAVBILATDILUGN ITNAREY [37]

seeELs Kubota DME-HCCI
U RT140
PR Single cylinder (Qﬂ@;umg@umuumu@u)
sruuaaun lug Direct Injection (DI) Compression ignition
WUIANTEUBNGL 97 mm. (bore)
CPNGiR) 96 mm. (stroke)
SIEEVal PG PR 709 cc.
usagingage 10.3 kW / 2400 rpm N/A
usadngagn 49 Nm /1600 rpm N/A
fR71daUN1A9an 18 10.3,13.7 uaz18
s8I e ING Wandszinm: a1y fnadinaas
1anevizainaseniAinm (Lqmﬁlﬁmsﬂﬁ)

fu: 140 kg/cm?2

- T T % _ P -
FEUURANLTALNAY SIS ENELIN aunsnllfuanANAY

dszinn: Baszvizagngu

AANFU: 600 kg/cm?2

PLULNADAL T2ULAA-AALAZTINILLL rotary
N1992U8 AN PHAUNLULNTAUNGIHG TrUNEANNFaULLIL
Sau Natural Convection A918q 2.2 AR3

¥ =) 4
NNBANTANRINA wuuen BELITILLAN
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512 lauludmnas

Taunlumesnldluntmegeuduuuylalasan (Hydraulic Dynamometer)
1 TunsiwsnnsuyuInaNan  (Water Brake) nnil uaasniwlaunluiiwmasinldlunng

dl U a a '8 ¥ dl [

NAABL UATFNINN 5-2 uansdeyanianatinaes launTuiwes nadayaneaiulaunly
Amasuanasasanigse bUil

Froude Dynamometer 1sznaudiein antantatamumileiutinuda w
e e % e e 4 o y o o
dusutiasenuntinudamnatiseannanmandewneseaTessusin nageay Nl
IaunTufimefidaunuyuldndauiunanizandn Tames (Rotor) Auanslunini Taeh 1

[ %

wafiiluluin (Vanes) dvguansnizadsdaavansluFesonuuuiiadsauluiarisaes

|
= &

fnu (ggtsznen ) viamauazlameseslusn Fau (Casing) NAvGausuluazllun
A o dl Al A ¥ ¥ = o o A 3 1 o 1

wiawiun  TawmefreiinguadiadieFainninuuaiaiizeluin egludneoicdsynuidi

nuluinredlawes Falreuliiuudasesivagunuvinaeslnuniniines Asiusameauad

ansovyuundslfatnagasainmaiiuyun e lusaieu

FN919% 52 dayaniematiateslawnludmes [14]

Uszinnaeglaunluiimes Hydraulic Dynamometer

éjwam Redman Heenan International Company,
England

aju Froude Hydraulic Dynamometer(DPX2)

Resolution 0.1 kg

ANNENIUIUANAA (LB) 0.3525 m

ﬁqﬁq@q@mﬁmmmﬁ*ﬂﬁ 150/7500 CV/rpm, (1 CV = 0.986 hp)

< e Fd ey o c ¥4
Walswaivyu et ludaaargnvneeesnainiames dingnivienaanil

a

be

dlnlwd ¥ y dll !

azneligdnanadilvsingay daeluluinddaBauiliasfazasiauinnnednunTinanaug

kT u
|

doeflalames AuflunisfiumzenaeuuInNnNI sy ueslaee fLATING ) NUNLATRNEE

v ¥ 4 v 1
nsgnsiatnazin i dguugigeau g genanazasaag fuuunielusaGau

1
=

wazluasanliniaietinegduuu uazinfiuazvaduumuniagnisiieuaesriu

©

o %’/ [ dl o ] &l 1% [ %’ -dl 1 o A
patUANNTUFUNNTERINTEN mmmfa\mumﬁlm mﬂma‘ﬂmﬂ?mmmmglumLﬁf@u Ineinng
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o all I %’ o A 1 A -:ll I3 %7’ al Y o
wyulFuAnNdataneanandaFau narhenisvTngamaneaniunsiini skt
st (daunandniusieailngaliiane ) wanainiinisdiunisyiainns Uiulgann
nsfunueilszgin  (Sluice Plates) synanglusinidalamasuasluwnilesinman 598

o o o %’ dlaJ ¥ o A a %/ & é’ al
WosHnAuduiumauANLlszgUnRsudiedaGen  (natlatlsygunndrsuanaudunisivg

Y o dl o
A5 IANULATRIUR)

Sluice Plates

Water Cups(Vanes)

Bearing
Supporting

udaunmaawaadlaunluieasuuy Hydraulic

A7 5-2 nnsiaananisluaaslaun Tuilmesuuyulalnsdm [14]

s A - o o = a Lo DR

\HaLATaetuEv e ulsnasietnfneg fumaiazneanumyunn s Fe
@uiludaszannman ) nyuanhldalaefuniluganans inlvdGauundsll luia
LN AURANTINNUIBINAT ANNDIALIT AT INEINEI NNFLINULAFENITNN

wasnndeliusulsinGeulindunnegluniazanna dunnanangaldainuya (Pointer)
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o A

all all 1 a 8% o = o o A é{j [ % 1 1
7 "JLﬁ"ﬂuLL@ZﬁVILLV]LLI@]H’]INNLﬁ]@?ﬂ’ﬂ\?ﬁ]ﬁ\‘iﬂuWﬂﬂ ma‘ﬂ‘mzﬁumqummwﬂuuwﬂmmmum

o A dl dl a o o A Yar o '
UWMUﬂﬁﬁ"ﬂLLNVI@ﬂ?‘Q"Nm@ﬂ‘]_ILL‘IIuZQNQ]Z\] (Balance Arm) ‘LI@QIF]’]L‘J‘@H1®§‘LI [AMNNITUIAN

©

wuinnauldainuiiiaseslaunluiimasguiuscazuanangasedlaunluiines azlsen

a dly dl ! o a dl Vo 3 dl dl ral/
LWINLANAIRNTTUHULRILNAN sml,mﬂuL.L';\‘mmmimm’mmemﬂmem@ummﬂumuum

& < a 4
5.1.3 qﬂnsmqmmmmsaumsmﬂum

A 5-3 Proximity AW 5-4 Pulse Meter

o‘d‘ Yo (-3 d”d . . a . o
ginsninldinarnuidasaslunismaassil A Proximity 18A Inductive 39
(-3 dl o Y o = o < dl 8
AT LTRATRatus LasldiadHmes (Pulse Meter) WAAIAINNIFITDLABILATOIEI LS
Tnaeinsia Proximity 13ng1uraslauniuiimes uardnaainidaseuainnisviyuzesntiulay
(Flange) iwanlaunTuilipasianssduiiezeseus A9 Nawn 5-3 uazn1wi 5-4 uazdays
namAiaze Proximity Aldlunsiaanuisirelfuansldlunsed 5-3

AMFUNANNIIMIINTeegR gUnsiTarNGIseLeTaseWs  aFune lEdn
v
Proximity (udwmasdnuiudnanudiseunuuliduda Ine Proximity WUy Inductive the

<

anApauNLWAn WA (Electromagnetic Field) lunisnsaadudmglvsnaniiuiany

]
a ¥

(Metal Target) Menudnunlussez@ndna  (Sensing Distance) 2898unNuwd wan AN

o o

! o LR P o Y 4 o A
ﬁ@ﬂﬂ@’aﬂ@ﬂﬂm PFOXImIty @\TVLNNT]'WT’KNN@WUQWQLﬂquuqﬂuu sﬁ\?ﬂ’]ﬂium'uﬁ‘ﬂuﬂ@q

q

Proximity 1lszneusag 1natanusatunuidvan  (Coil), peddawawnas (Oscillator), 2943

F39a4L(Trigger Circuit) LA¥ANATL@NYWY (Output Circuit) AINING 5-5
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~ 2 = .. e ve @ = -
£1919% 5-3 VRHANWVNAUATBN Proximity N IAANIETITALLATANIUA [14]

éﬁﬂ, U OMRON, E2E-X2D1-N
mum@ﬂm@uﬁnmq 8 mm (M8)

Type Shielded

Sensing Distance 2mm £10%
Operating Voltage 12 t0 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

-25°C to 70°C

Vibration Resistance

10 to 55 Hz

Weight

Approx. 45 g

e Electromagnetic
TN INl ,-'“,l T Field
VI

I

|1 (RN it

oot i

iyl l

—— Osgcillator

Electrical Coil

Voltage Regulator

To Load

\
|
|

A A
¢ ]
|

A

12

[

ADSRISAREIIATT
[
iy

1]
wF )y oo —, . J )

Ve
SN

e -3

..S—V

o

1
/

2-W\ire DC

Load

A 5-5 dautlszneunialusiaEenses Proximity UL Inductive [14]

1RLIADATALALADT b

AUUANNIAF A UNN LN VAN T LA UEaa NN B UTNTag I uLITa S

'
A Ao

-dl dl -dl 1 4 a A 1 I3 o/
UANIA LB ’3mﬂﬂLﬂuT@M&Lﬂ@ﬂu‘V]N”IuL“lI’]ﬁJ’]GLu??JEIZZ’ﬂVIﬁW@“II@\mu’]NLLNL‘VI@ﬂi‘V\I‘W”I AFON

q

HulanzdananazgadundauainaunudivaniWinvizamaniawiiantn (Inductive) 14

Proximity @1AeusaAaerlifnannuuaanasany

(Sensor Face) WU

D

q

4

'
a g

nszualnfnluaau (Eddy Currents) nelusinaasingiiulanzasnans inldauanilaqe

q
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1
[ =

aadtnNL AN ANanas Sadpanitulanzsananndnlndunnfasiuiiansin i

q

nazua Wi 1 Tuaaunnau iWunsgodendsnusesesadaiamasuaniu WeAaes

o

LAN1RAARAIINATTIAULA 29ATAFIATLILAZINAIBNINNAZATIAALALBNLAALATES

v 1754
o a=R 1o !

ArynyruniauasuudasAtuanilagasaaniaitlasetln (On or Off) MNUAUBLALIN

KTl

1
[ %

dumefiduuuy  Normal Close (NC) #3auuy Normal Open (NO) iadmgiidlulane

Q

iaaunsaanllaniouidumes 1unnresuentagnaeteaadaianasaznauun

NN 1939RIATLUAZNAIEWINNAZAFIATLIU ATDIULBNT AT uazddoynyin

'
o =

foani9itlavisatla (On or off) wwandaAuanlaganAUNIINzUNG Tntsasianvinnay

o 1 o o aia 49( ?.’/ o o a o X ] £% dl o o o ai
nnnsdedtynyrauiadniinrunaisllduiadimes aainuinnlunaiuduouiadn
Artuly 1 JunAnazigssaaniiiluainuiiarsat luntioasausaul Iaee1unNIsAIWI 0L

AIANNNT 5-1

/1 (pulse/sec)x 60sec (5-1)
(tooth no./rev)

F199% 54 dayanematinaasiadimasildlunisuaniiananuiiasauiasedaus [14]

e, u DIGICON, PM-05

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

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

(ON voltage : 4.5-24V,

OFF voltage : 0-1.0V)

Max. Indication 5 digit (19999 to 99999)

Display Accuracy (Update Output Cycle) 0.05/0.5/1/2/4/8 sec
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51.4 auUnsaidpansdulaasisividawas DME
- I - A o o ¥ o X A y o4 4
NN99PFMIN AL ARIUNTUETANAY AztinTItNTTaNad19 1T UuATa Tepnda
au3nfutuinle 60 Alansu HANAZIAHA 2 N5U AIANTN 5-5 WAL IHUIRNIAUAN

A o 5o X a4 o
LW@@‘ULQ@WH’]‘MHHL%@LW@QV]L‘]J@EI‘MLL‘]J@\‘WJH“’I 10 N3y

F19°99 5-5  dayaniematiaresnndenldindnan@ulaasmaings [14]

Model JADEVER JWA - 60K
Capacity 60 kg.

Resolution 2g

Internal Resolution 1/600000

Pan size 320 x 240 mm
Sensitivity Drift 20 ppm /°C (5-35°C)

Operating Temperature -5°C-40 °C

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

515 @iUnsalinanund
nedngaungiarldinesiuAtiila aHm type K (Chromel-Alumel, CA) Tnusiainas
waldadiudasuaniasuduaiivdays Tnasaulsanmniinisinanuinniinisind
o/ dg/
S
n. auugilaide tnelfmesluAtidatiin Type K (Chromel-Alumel, CA) n133n
v 1
grungiladaldinisinsemefuAuilalinvieladauasainaanainiasn ndiseann

10 [FURLNAT AININT 5-6
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thermocouple

NN 5-6 AuLamasiuAuTianyialalde

a @ ' ]

2. aauuiduvaaau azinfunesluAlidlatiia Type K (Chromel-Alumel,

o¥

6

CA) 1umduninAudnas 0.65 ux. linelusansestnduvaeay Tnasansestindunseay

v
o

wiagfludsindunseaunseanatdunaaiumesiuAuTa uasIRIn WG 5-7

fube cil filter

AW 5-7 ANTRARIALULSIRIN TN AL aNFNaUNTUNa AU

& '
o ' A

a 3 1 [ o a :l/ o | a SJdI H ' <3 1
A. anunNuInaatay InaninssasanesinAll @1@Wﬂ@ﬂﬂqﬂqu@ﬂLHUW@%

q u

FNUANUDINIAL LAAIFINING 5-8

a
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T

N9 5-8 NsARsIATuMLNTemaiNALTla N Aua1saeaigu

a al ¥ aa v o 2 o a ¥ v | a
1. auugiemanluaiiivialafnawanwaswn bl innisissanefiudilidla

1A n1eludawnainia 499921949 Orifice Plate 1UNA4AINIA FIAINT

air tank

v
o

N 5-9 aanandamesiuAlidaludsinainis

51.6 @iUnsalinansinisluatasainid

o o ¢ﬂl v tﬂl & o Y . dl a 2'/
ﬂ’ﬁ")ﬂ'ﬂ[ﬁ]?’]ﬂ’]ﬂﬁ@ﬂ’ﬂ\‘i’ﬂ’mqﬂﬂiﬂ@L‘?.I UATRNEIUR AZIANIE  Orifice  TIAARIAE

b e

1N IENAIRNANNNA AININA 5-10 TRdIRNaNNIARZTILAANITNTLNANUBIANNIAT
uaniu  Orifice A1LAINIAINAINIZANIN NN UUBLATANLUE LALTAAIAINAUANATEN
Orifice Plate a1 ldA1uanmndmnsnisiuat asa1nid Ield Inclined Manometer #an

71 5-11 Tnesaazi@aan1?Au a1 TN AN @
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A9 5-11 Inclined Manometer

51.7 aUnsalinanu)RLazANABLSTEINIA (Ambient Conditions)
sEndnIImeaeuaN ssnuzlavnsdinguugiinssiedlanuazgoumniinesnle
wisrasussenia Ineldmesiuiiwesuuunsznhadanuaznsshzuiuuulsean dou

ANNALLITENNNA aTaelduNsannes FauanelunIngd 5-12 uay 5-13
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NNA 5-12 Lapen LI seiliaes NN 5-13 uapeninmasiniimas

51.8  unuHdlnzsInTadglnsalfng g ludawegau

lunsmegeuiAiesuiasindeuuuiunageuild launindmesiduuuylalasia
(Hydraulic Dynamometer) ﬁi%ﬁﬂumimmmwgumﬂ awa (Water Brake) Tnaildqnan
Usudnanisivamauaumsinauzes tenluflmed Seinuthfidunnssldfuiesuus
ziﬁw?uqﬂﬂmmmmiﬁm%ﬁgﬂﬂiﬂiﬁﬁmumimmm@u’l,é’l,mm’l,uvmu A 5-14 Toed

a 1 o é’
mm:mamm@ﬂmmmm ANU

Air tank

air —

- Q]

Jj air temp
Incline Manometer L d Jj

Incline Manometer

Exhaust s

Speed (rev Imin ) ————

Imymaanemeter H:

1l Thermocouple

tond 00 ||

Exhaust Qi Cooling

© (©) "';g‘;’

1 v
Nl 5-14 gUnsniuasFnssgiinsnllunimeasy

Heedle Valve

Valve

Regulator
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52  Agmiun1sas
NASetuUsTunaun1deaniu 2 dausaeiy

521 n1sannladAsasaumaLgatilulAFaseus DME-HCCI

a

5.2.1.1 WUIMSLUNITAR LLﬂ’ﬂ\iLﬂi’ﬂs‘iﬂuﬁa LR L"ﬂum?mﬂuﬁ DME-HCCI

'
o I

\Hasanniaam@s DME HAn@mugs uaziaAgmuniszmeiules danmniinng

3

1
=

qARALLINANLTENN 235 C 138 502 K At winn ddnsndounisdangaiuly azyinld

a

a a é’ [~3 1 dl dl ' a =3 v K o [] £ al
n13qnseilinfinTuiandqaTiuNNzan LaviAsastuRanaianistenld asanilusesinng
RANFANINAIUNNIFANNNILANTIAIAININSATNFIUNRIB AURILATAILUR AR IAEINITLNN
UFnn91e9919199gn4U useeinglafiniu Waimwae DME A1 Latent heat of evaporation ¥
g9 MAiAansgarsFauluiasun lndine e masssmananafulalulzununuan

d” o K K a = 1 v | o Y U
LANANUNNTBANULILIAIATNTNNIIAAN T RN s nemAnFau i guilaiaamn Tvdues
LATRNEIUR NI ALAINARDANIIDULUAZL AN TN INUDILATAILUH A9 lHAITaRRIE91
AaesalEnnadnull FOTHRININIANUIINNE AT EAUNI AT ATIUNNZEN TRNANTRIN

ANgaunnHNIe lunNszUaNqUARIgINENNeTLgANRN199ARARLEITDTRNEY  DME uaz

¥ =

FUMLUNTB999ANEHAUNI9A I TINFEFDIe9T89TAIWAS  (Start of Ignition) FasiAgI
WHNNZAN LT89NNT29198 N9 e (Combustion  duration) 484LA3a98uE HCCI Azl

watszains  15-20 aamwardanies seiunada indmunlmasniusngegn

Ce

(Maximum brake torque timing, MBT) ®In#iga AIWMANALgIgnnsat Indqn e
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6.1 HANITNARAUANTIOULNANTIRIUNITAR 18

6.1.1 usedimusnunla (Corrected Brake Torque, T,)
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DME-HCCI : Corrected Torque
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DME-HCCI : Corrected Torque vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=18
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DME-HCCI : Brake Mean Effective Pressure
Test Condition : 100% Throttle @ CR=18
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DME-HCCI : Brake Mean Effective Pressure vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=18
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6.1.3 aAsIN5AULLADUTALNRIRLNIZLLSN (Brake Specific Fuel Consumption, bsfc)
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DME-HCCI : Brake Specific Fuel Consumption
Test Condition : 100% Throttle @ CR=18
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Brake Specific Fuel
Consumption(g/Kw.h

1100 1200 1300 1400 1500
Engine Speed (rpm)
AN 6-5 NN ANANRNUS IS RIIN1FR UL ABITANAIRNNIZILINALANIFI 7D L

NANITANFINIQIAANERINAIUNIIAATBILATESEIUS 18: 1

AN 6-5 Wudn PAINeLFURuLLG Needle Valve AsiilaT ieamaniisey
a dg( dl (3 Y 1 o le A d’lJ a o ° dl @
WY LTegeusiar AN INIIAULARITBNAIR UNITILINAIAY  wazIANIGITaY

ndl dl o 1 d’lJ a dl & a o le A i a

Aei e WeLlFudFunnIsdnemeInaIanas  AredeusariA1EnIINNIRLARLT BINA
o o I o Qy dl dg/ a o n’lJ o o ! v
UNLUINANGS IngAdmsnisaulasama s ziusniazulsiunudndauias

a dl a o le A d91) a o
azn19ilm Needle Valve Ineifl 50% Needle Valve azlA8msIN1s8ULABTINRIA N
WINAINGN 60% waz 70% Needle Valve — mnandy Tnaiazesausazliddn snis
Auasamamasanmziuangegaily 1186.47 g/kW.h A9aiasen 1200 rpm (M1 70%
Needle Valve) uazlirdmanisduilasamemasanniziusningadly 87561 g/kW.h 7

AYNHL32991 1400 rpm (N1 50% Needle Valve)



71

DME-HCCI : Brake Specific Fuel Consumption vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=18
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Speed (rpm)

Needle 1200 1400
CR Valve
BSFC BSFC
(%) 0] 0]
(g/kW.h) (g/kW.h)
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6.1.4 BRTINTAULLADINRINUTINANE (Specific Total Energy Consumption

Efficiency, stec)

NATBNEATINNTAWLABINANNUTINANNNT  (Specific Total Energy Consumption

Efficiency) 20wAgaqeiusl HCCI M1ld DME uiaeinds Nan1azassionniszgega weitls
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DME-HCCI : Specific Total Energy Consumption
Test condition : 100% Throttle @ CR=18
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DME-HCCI : Specific Total Energy Consumption vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=18
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35 % #1200 rpm
30 K +— 1400 rpm
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AUAATIAYINLTIRLANNT  UAZHATRIERIINITRULLAINAT I UIINS NN AL
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ARINAIUANYANAN1DZAIFINITEIGA NERINEIUNTEATBILATASLIUE 18: 1

Speed (rpm)

Needle 1200 1400
CR Valve
STEC STEC
(%) 0] )
(MJ/KW.h) (MJ/KW.h)

70 33.73 [0.407| 28.23 0.363
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6.1.5 1sz@NBNIWNIAIINSAU (Thermal Efficiency, I,)
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DME-HCCI : Thermal Efficiency
Test Condition : 100% Throttle @ CR=18

15
0 A B70% Needle Valve
> 14
~ | *60% Needle Valve
> 13 i
2 A50% Needle Valve
812 g
2 1
E 10 !
I
£
-
[
ﬁ —— - _

1100 1200 1300 1400 1500

Engine Speed (rpm)

A 6-9 NI ANNANAUT LI 9UIRNTNINNI9ANNFAUAUAINITIZAUN AN1IZANFD
N19:498n NHRIAIUNITAATBILATEILIE 18: 1
4 O, . e . 4 4 G
ANANA 6-9 WU NANTUFUAUMLS Needle Valve asilac ileAdNisIseL
2 x4 . a5 161N o P d - 4 G 4
N LATReE AR AT ANEN NN A NFRUGITU LAZINENANTUINAYINETIIaLIAIN
a7 Wedfutiuimnisanememaanas IATeseufaziial Uss&nsnmnigaannieu geau
Ipe1A1sr@ananInnieAnsau dazulsuntumudndiusatazniaill a Needle Valve Tnsl
1150% Needle azilAnilsz@Ansnimmniamnudon gand1i 60% uaz 70% Needle Valve
o o -dl LS E 2 a a v (=1 dl [~3
pNa1AU TneiprastuAarliANUseAnanmnigmNTan gagallu 14.46% ANl
1400 rpm (M1 50% Needle Valve) uazliian tsz@nsninnisaaudou Agailu 10.67 7

ANLEITRL 1200 rpm (1 70% Needle Valve)



7

DME-HCCI : Thermal Efficiency vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=18
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Needle Speed (rpm)

CR Valve 1200 1400

(%) | Nth(%) | @ | Nth(%) | O
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50 12.93 [0.374| 14.46 |0.352
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6.2.1 wsadlALusnwnba (Corrected Brake Torque, T,)
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DME-HCCI : Corrected Torque
Test Condition : 100% Throttle @ CR=13.7
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DME-HCCI : Corrected Torque vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=13.7
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F1379% 6-6 WFeLNEUNAT8dusTaLNUAlNaN19EAIRD N19TgIgaNANIEITLFNg]

uwazkatreduadasnud iR douanyanan19rAIFaN1ITgagn 7

FNINRIUNNIFAUDILATAILIUE 13.7: 1

Speed (rpm)

Needle 1200 1300 1400 1500 1600 1700

CR | Valve |Corrected Corrected Corrected Corrected Corrected Corrected
(%) Torque 0] Torque 0] Torque 0] Torque o Torque o Torque 0]

(Nm) (Nm) (Nm) (Nm) (Nm) (Nm)
70 A A A A | 1272 |o0382| 1202 |0.368| 1131 |0.356| 1059 |0.357

60 12.71 [0.405( 12.7 ]0.378 12 0.363 | 10.94 |0.345 9.89 0.334 8.48 0.332

50 12.9 [0.347( 12.54 ]0.331| 11.84 |0.322 10.8 0.306 9.41 0.290 7.31 0.282

40 12,567 [0.299( 11.87 (0.288| 10.48 |[0.275 9.08 0.258 5.94 0.246 # #
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6.2.2 AMNAULINALRRALLSN (Brake Mean Effective Pressure, bmep)

NATBd AN ALEANALAALILUTN (Brake Mean Effective Pressure) UDILATDIEILGT

HCCl 4 DME Wwimainas Naninzasdanniszgegn waitlaaullniiaandrega (WOT) 7
< d o nw A awe Ao y
AYNITTRLAITIANGNST TepaUANLENN TR aN e I LLATesews a1nnisliu

a ) a [ = dl dll ¥

nmadlandaduaiinliuazi@enil 40%, 50%, 60% uay 70 % Needle Valve iald

FNTAIUNITAURILATAIEINEN 13.7 AILAAI I IUNINT 6-13 LAy 6-14

DME-HCCI : Brake Mean Effective Pressure
Test Condition : 100% Throttle @ CR=13.7

- &~ 70% Needle Valve
‘_'!.n.: '-:db_,._luuuu-. [ . -
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Brake Mean Effective Pressure
(kPa)

1100 1200 1300 1400 1500 1600 1700 1800
Engine Speed (rpm)
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DME-HCCI : Brake Mean Effective Pressure vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=13.7
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FNINT 6-7 WFHLLEATE9ATNAUTINAIRALLLINNAN1IZANFE N1TEEIqRATIAYINLY

FOUFNNT  WAZHATDIANNALINNAIRALLLINALERT AUANLYANAN1IT AR

o

dl ! o dl 6
NITEHIQAAN NAATIATUNITRATDILATDIEI A 13.7:1

Speed (rpm)
Needle 1200 1300 1400 1500 1600 1700
CR Valve
BMEP BMEP BMEP BMEP BMEP BMEP
(%) 0] o 0] o 0] o
(kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
70 A A A A | 22542 | 0382 | 212.98 | 0.368 | 20051 |0.356 | 187.75 |0.357

60 225.19 (0.405( 225.11 (0.378| 212.6 0.363 193.9 0.345 1756.27 [0.334 | 150.3 |0.332

50 228.61 [0.347| 222.35 |0.331| 209.91 0.322 191.48 0.306 166.76 |0.290 | 129.55 [0.282

40 222.87 10.299| 210.4 ]0.288| 185.74 0.275 160.91 0.258 105.21 | 0.246 # #
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Wanuua lidyanen
A dl dl & a g
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# Aa apneaauATasausiIANEsa Tl LA
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wasuulasuansneiun ntin waziliaiansnniniesszniadla Needle Valve psiila
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WLINHBANINIFITBLIANTY hTesuAaziAI A NAUTINaLRAtILINAAY NYNFataznis
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6.2.3 AangIN1saULLABITALNAIRLNZLLSN (Brake Specific Fuel Consumption,
bsfc)

NAYBITAIINTTA LU ABTRINAIRNZLLTN (Brake Specific Fuel Consumption)
w0awpFeseusl HCCI 7114 DME lwimein@s Nan1zas fannszgedn Wedlnaulniide
ndega  (WOT)  fiAonidaseuAsiAnsne] IatuantENIsdemnasingane iy

dll & o a '3 < a o = dl
wraaeus annisdiunisdaondadnaiinliuazidenn  40%, 50%, 60% Waz 70 %

Needle Valve 11 l98n3142Un198A1091ATa98usN 13.7 Aaudneldlunni 6-15 uay 6-16

DME-HCCI : Brake Specific Fuel Consumption
Test Condition : 100% Throttle @ CR=13.7

900 AN e
850 ‘ = k= 70% Needle Valve
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750 ‘ |
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500 ot

450 ! —

1100 1200 1300 1400 1500 1600 1700 1800
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= o =40% Needle Valve

Brake Specific Fuel
Consumption (g/Kw.h)
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NAN1ITAIFINTZQ9EN NERTIAIUNIIATDILATDILIUE 13.7: 1
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a” A dy a o oI aI/ < 1 ai dl L8 %
AULLADUTRINRIRUNIZLUINANAY AUNTZTIIAINIEIT1EINGIT 1300 rpm LAzaseiisias1ii
1 o QSJ A dgl a o d? d'az a
ANSRIINITARILABITBINAIR N TN GTY uazhFeaazniadla 70% Needle Valve
1 [~3 dll & [N ] Yo o le . d’l a o o
WU ANEaL A TadtuAas Tl a lTA1eRIIN19A UL AR AN AIR NN [Wenlsu
2 . v - ¥ e o A B A
WNTUNINTN WANAINTUNAINETITOLIBATIEUARAIN 1A IANMTIsaL 1200 was
1 v 1 v 1 v
1300 rpm WelfuLFuNmnNane@ang  AiRNTU LAreasuas liANemINn1sA LA
IBIWAIRINTE LUIN G9TU WANANMIEITaLN 1400 Uaz 1500 rpm WUFNBNLEN
é’ a [ E2Z o : A 431 a [ Adl 1 o
Tanae azlidanaliiA18nsIn1931l ARUTRINASRNINAY 1N At AadLANANTUNIN

11n Taef 40% Needle Valve #ANIn&LAearU 50% Needle Valve Wazh 60% Needle Valve
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AAINALALNL 70% Needle Valve Wazwudn iA2nNEsan 1600 rpm ¥eaaznisiile
50%, 60% WAaL70% Needle Valve LA7a9eiufas iANamI1N132 UL ABITANAIRNNNE 11N
Taupnsnaiuunnn Tasanizh 50% Needle Valve RANInALALAL 70% Needle Valve
upnFasarnisiila 40% Needle Valve LATadeausias lFAERTIN193 1WA TR INRIR NI
e owae v, 4 B 4 . do
N geanetinaiulidn wenaintiunugn NRnuEseuLeTaseus 1700 rom N¥euaznng
1Tn 50% LAy 60% Needle Valve tpzadeiufiaz liA19 RN 173U ARUTANAIR WAL 119N
1 1 o o dl & EZ o i’ A Ail/ a o [~
Tduansineiunnniin Tnaesesausias WA1dRsIN 198U aevmanaIa I ziusngagaLii
844.5 g/kW.h iAMNE38L 1600 rpm (M1 40% Needle Valve) wazlH#A1amnsinisauilass
damAIRL wziwsnengallu 522.1 glkW.h 91AnaEases 1300 rpm (1 40% Needle

Valve)

DME-HCCI : Brake Specific Fuel Consumption vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=13.7
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Equivalence Ratio
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o

AULADUTONAIRUNIZLLINGITU VTR dIuaNY A LW 0.36-0.37 Hu Wuan

ANHIFITaLARaLATRgt LAY IR aN A T ANEMIIN1 2R UL AR ANAIRN NI LLLTN

V1 o

A P e o A - i a X a o
AUkl aduaNFANAUNINYTN IﬁﬂLﬂﬁ‘“ﬂ\‘]ﬂumqgﬂﬂﬂq@ﬁlﬁ"]ﬂq?@uLﬂﬂﬂ\‘]LTﬂLW@Q@q LNNELLITN

1%

geamilu 844.5 g/kW.h NiA91NL399aL 1600 rpm NdRIdUANYA 0.246 UALIHAIERNT
X4 X $a o . o
nsduilasamamaIRnziusnmgady 522.1 g/kW.h AiRaNiEasey 1300 rom 7
BATNAIUANYA 0.288
ANNNIINAFDL NANITAIFD N1TLANEA ANNANTUSIZUINN ANdRIINITAUILADS
ERIWAIRINNZIIINALANNEIY  TuAnil 6-15  UATANNANRUSIEUdNAERIINIg
AulassdamasRnzusniudndouanys  lunni 6-16 lduansFoumnaulily

AN91497 6-8

dl a o Q’/ A d’ll a o dl o
19190 6-8 L‘]_EEI'LILVIEIUN@"]J‘N@M?’]W]?@ML‘]J@@QL‘ﬁ‘ﬂL‘W@ JAUNIZLLTN NANNICANF NTE

AIQATIAYINLINIRLANST UATNATBNENIINNIRWL AR TAINAISNIZILIN L

a qQ
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ERINAIANYANANZAIAINIZEIGR NENTNEIUNIIEATBATEIIUE 13.7: 1

Speed (rpm)
Needle 1200 1300 1400 1500 1600 1700
CR Valve
BSFC BSFC BSFC BSFC BSFC BSFC
(%) O] (0] (0] o o 0]
(g/kW.h) (g/KW.h) (g/KW.h) (g/kW.h) (g/kW.h) (g/kW.h)
70 A A A A | 63156 [0.382| 629.45 |0.368| 629.85 |0.356| 642.4 |0.357

60 698.35 |0.405| 632.86 |0.378| 635.82 |0.363 | 652.75 [0.345| 681.39 |0.334 | 751.85 [0.332

50 600.17 ]0.347| 568.59 |0.331| 570.49 |0.322 | 585.91 [0.306 | 627.25 |0.290 | 750.84 |[0.282

40 532.85 |0.299| 522.1 |0.288| 652.77 |0.275| 591.06 |[0.258 [ 844.45 |0.246 # #
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6.2.4 BRTINTAULLADINRINUTINAUNTE (Specific Total Energy Consumption

Efficiency, stec)

[ % le A [ % o e .
NATBNEMTINITRULLABINANIUTINANUNIE  (Specific Total Energy Consumption

Efficiency) 20uAgaqeiusl HCCI 7114 DME uimainds Nan1azassionniszgegn wedls

i
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a dl @ dll 1 dl d’l a & 1
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DME-HCCI : Specific Total Energy Consumption
Test condition : 100% Throttle @ CR=13.7
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NN 6-17 wuda MR UFuAUMUS Needle Vale Asfila NFaaaznisiln

1
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Wl 14.84 MIKW.h firanuiEqsay 1300 rom (71 40% Needle Valve)
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DME-HCCI : Specific Total Energy Consumption vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=13.7
26

5

T

£ ~ —#—1200 rpm
7 2

§ Ny U O s S S —-— 1300 rpm
5 20 AN ~ T s WU 1400
Eg N B vy ~ ] /-—d& * rpm
U= N T T e —

S 8 e = ST e —a& : 1500 rpm
== | L e o= T

S= . P —= =1600 rpm
=} PR T TR

- -

Y + —a - 1700 rpm
= 14

1=

2

& n

10

0.24 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 0.41 042

Equivalence Ratio
AW 6-18  NPNANNNANNUTIZUIN ARTINITRULLADINANIUIINANNIZAL ARTIEIU

ANYATNANDZAIFANITLEIRATENINAIBNITEATDILATASLIUE 13.7: 1

1
' =

AINNINA 6-18 Wudn AINEIRLALTLAT W aLiNmeInae IR dauanya

- X & - Y o = = o 0 X P @
PANTU Lﬂ?‘ﬂ\‘iiluﬁl"]51‘1/1ﬂ’]‘ﬂM?WﬂW?@uLﬂ@@QW@QQWH?QN@’]L‘W’]Z’eﬂﬂﬂlu WANAINHLTITAL 1600

1 £
a I~ a

Az 1700 rpm AN @aIWAS I idRs dauaNy AN aIUNINNGT  0.33 wazAYINIEITaL

1 | 3 1 ¥ 1 1
1500 rpm LHANNLTAWAS SR 4 uauyaliNIuNINNg N 0.34 wudn weisesasias e

o

IMINITAULLABINANIUIINIUNIZAIAY waziilafasnidnsdananyanila wudd

1%

fismedauanyaludag 0.25:0.36 lepnuiSaseniiiny azdanaliidasnisauldes
WANIUIINANNZY g Inuzfismsdauanyalutag 0.36-0.37 fu wudrpeaiaseUTes
wispetuazlidanaliAngasnisauife A nusmndmnzlasuuLasansnaiisnn
iin Inenepsauiazliien ”mmma‘éumamwﬁqmmqufﬁﬁL‘W’wzﬂmmLﬂu 24.01 MJKW.h i
Armidasan 1600 rpm fSAIdIuANLA 0.246 wazliAngmsnsAuL daandsusn
fe‘iﬁmﬁzﬁ'ﬁ@mﬂu 14.84 MUKW.h finanaidasens 1300 rpm ﬁﬁmmﬁqmmﬂ@ 0.288
ANMIMAdeL ianazAT N13LgI40 AN A S RIS AL AR
NI INETUASRL UG 617 wazAvNduTUS A EReNTe
duidemasumusinnziusamdauansyalunmd 6-18 Huanadiouifien 13l s

6-9

=)
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ANT NN 6-9 1FHLINUNATBIAATINITRVILABINANIUTINANUNIEAAN1NLANFD N5

AUAATIANINITITALANT]  WATNATEY BRIINITRULABINANIUIINA NN AL

a qQ

o

ARINAIUANYANAN1DZAIFINILEIGA NERINEIUNIEATDILATANLIUE 13.7: 1

Speed (rpm)
Needle 1200 1300 1400 1500 1600 1700
CR Valve
STEC STEC STEC STEC STEC STEC
(%) 0] o 0] o 0] o
(MU/KW.h) (MU/KW.h) (MU/KW.h) (MU/KW.h) (MJ/KW.h) (MU/KW.h)
70 A A A A | 1796 | 0382 17.9 | 0368 | 17.91 |0.356| 18.26 |0.357
60 19.85 |0.405| 17.99 |0.378| 18.08 | 0.363 | 1856 | 0.345 | 19.37 |0.334| 21.38 |0.332
13.7
50 17.06 |0.347| 16.17 [0.331| 1622 | 0322 | 1666 | 0.306 | 17.83 |0.290| 21.35 |0.282
40 15.15 |0.299| 14.84 |0.288| 1572 | 0.275 16.8 | 0258 | 24.01 |0.246 # #

dl o Y o o e
Wanuua lidryanen
A dl dl & a g
A R qpnagauiiAzessusiianisan (Knock Condition)
# Aa apnpaaufATasauEnAmEasa L LH

Anesei 6-9 agullAdn Navndaseuasilac WeliuFununisanaiaemas

v
a

AAAY  LATANHUAAZNANEAIINIFA UL ABINAIINUIINANNIZANAS TALERT N3 ULLARY

o o dgj o o/ ] v a 1 dl 6
PAIUPINANNIZY aznlsiunudngauiacarnisitlan Needle Valve TA8INLINLATANEILE
AL AR AULIRDINANUIINANNIZEITU DN TINAS ITaR I douany AN

v dl [~3 dl & dl & a o le = o
SNAUNAINLEITOLLATRNEUE 1700 rpm  LATENEUFATHANERIIN1IR WU ABINAIIUIIN
. ¥ d s - do A «
RN UaziiaRanTnFetazn1ailln  Needle Valve asiilac ileAdnuidsey

QI d%/ dl & F 2 o QQ/ A o [ d? dl a

PNNUU m@mﬂumzsl,um'ammmmmﬂ@mwmmumumLWﬂngwu IPELNANANTIN
a a dy a 1 1 1 dl 4 val a =

UUNNHNNTIAAALANTDILTALNAY DME W31 %ﬂq"lumwumLwﬁiwuu@mugu 235 C 1178

! ¥ ¥
= [ % a =X

502 K deundanaznisanssidaeaintu indnuniiqaaudnauuuinay avdaualiing

oD

v
1o a

WAL LETNAIMITIAaATaseus M lATaseusiil ANdRIINIIRULLAaIWATIUIIN

ANz A agnelsinnin Amnznisansuiaeaiaauduiull azdaaliifnueiu

¥ o o 4 dl L A ng A [ % o d? ' '

FuN19an N lHLATaRIUANAISRIINTRUILABINANNUIINAUNITAITU LAZNUAMNAT
¥ ¥

ARgdIuaANYATaTaINGY DME unsnnniiull azdenal aswznisansaiiinfatiuaidn

null audaulug) ifaludsmmzaenasia M lieTeseusd A19RIINITRUILRINASIUIN

¥
AN AT UALITY
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6.2.5 1sz@NBNIWNeIAIINSAU (Thermal Efficiency, I,)
Na1e9LlszANENInnNeaAaNFan (Thermal Efficiency) aedtAzaseus HCCl 7l

DME luimainas Nannazasdonnisegeqn wadlnaullniidandega  (WOT) Aaauisa

|
a

dl 1 1 dl dsj a (2 Y o dl 6 o a
PRUAINIANENT TAUANLEN W@ AT aRa e i uATesey 6 aannisdiuniada
NAdNTRRLSUALIAeAT 40%, 50%, 60% WA 70 % Needle Valve i ldemnNda1un198m

YAIATAIEIUAN 13.7 Aauana 1 ln i 6-19 LAy 6-20

DME-HCCI : Thermal Efficiency
Test Condition : 100% Throttle @ CR=13.7

20
= r= 70% Needle Valve
24 - w
_____ i CINENY
22 [LLEweeT “"""ii..":;__ oot 60% Needle Valve
20 .............. _i' = N
...... ; “‘”"""F \\\
| ey 5 = === 50% Needle Valve
N\ Ty

—
[=)]
v

= 0 =40% Needle Valve

—_
LN

—_
[

/AR A Rt

1100 1200 1300 1400 1500 1600 1700 1800

Thermal Efficiency (%0)
=)

Engine Speed (rpm)

NN 6-19 naANANRUSIENINLsEANENIN NN ANF AU AN TEY
NAN1ITANFINIT494n NHRTIAUNNIEATDILATRILUE 13.7: 1
AN 6-19 Wud NAINI9UFURIUMLS Needle Vale peiilac] TFeaaznailla 40%, 50%
p I S e TR y
Az 60% Needle Valve IHaAINI3990 LAY teFpssusayliALlsrAntninnisaanniou
dqf uI/ < dl & I dl dl o V1 a A
49T AUNITIIANNITITALIVBILATENRILAZINGIN 1300 rpm tAzeseusasliiAn dss@ninan
NaANFan Aas uariieuaznailln 70% Needle  Valve wWudn ARINIEI99 U9
dl 6 1 L a a % dl 1 o [
wastiuraylildwnaliidn  dss@nininnieannadeu  ulasuulaaunnsiteiusiniin
AT 4 . 4 s 4
UANAINUUNANNTITOLVBNATOEWARANT 107 NANITITELTRUATESEUAN 1200 UAY
1300 rpm AL BNIINIANTINAIAAA LATasRIUEAr IR UseAnENInnIeAY
%4 1 1 1 1
Fou 49T UATAYINITIIAUTRAUATONEUST 1400 uaz 1500 rpm WU HeanLFNN
d” a () VA a a % dl ! o % dl
damae  azlidenalian dss@nsninnieanny Faullasuutlasunnsineiuuinin Taed
40% Needle Valve Hp1lnALAeNAL 50% Needle Valve uazil 60% Needle Valve HA7

InAwAzeiL 70% Needle Valve Wazwudn fina1u3asen 1600 rom M3eeaznisidla 50%,

60% WAL70% Needle Valve tpzasgusiazlsian Uszdns nnnniemnnuian luuans1eiuuin
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110 Taeaniei 50% Needle Valve HAIndLAiU 70% Needle Valve wanasazniiile
40% Needle Valve LAgassusazliAn Uss@ninimmniaanudan anasasinaiuladn
UBNANTIUNLIN AAN3T9L 1700 rpm NFasaznaiila 50% wav60% Needle Valve
dl 6 E 2 a a v 1 1 [ % o dl 6 E 2
rraseusiaslEAN Use@nsninniemnnusan luduansd1eiuninin Ineerasausas 1EaN
dsz@nBnmnimnnueu gegaiilu 24.3% Naadi3asan 1300 rpm (M 40% Needle Valve)

uwazlipn sz @naninmnisaanuieu argaiiu 15% NAvNi39991 1600 rpm (M1 40% Needle

Valve)
DME-HCCI : Thermal Efficiency vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=13.7
26
24 —s— 1200 rpm
P\i 22 — -~ 1300 rpm
E 20 +oadeee 1400 rpm
(1]
S —a - 1500 rpm
E 18
Té 16 —= =1600 rpm
5 ; ‘ = + 1700 rpm
= 14 VA b
12 . e
10

0.24 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.3¢4 0.35 0.36 0.37 0.38 0.39 0.40 0.41 0.42

Equivalence Ratio

NN 6-20 NeANANRUSIENINLszANB AR FauiUAR I dauaNya

o

Nan19zAEaN1TzgIan NERINAIUNIIENTRILATESEUE 13.7: 1

dl ! dl < dl dl QI d” a Y o !
AMNNINN  6-20 WL Vlﬂ'l’]NLﬁ"Jﬁ‘ﬂ‘]_lﬂ\Wlslﬂ’] LN@L‘WNL‘I]@LW@\TGLM@W?’]@QH@NN”@

NN AT AR I AN UssANENInN19ANEaU ANAT LANAINIEITaL 1600 WAL 1700

1 1 v 1 ¥ 1 1
rom AN INAS IS RINEIUANYAANTUNINNGIN 0.33 uaziANZasal 1500 rpm

1
oA &

IHaANTD WA IR dauaNy AN TIBNINNGN 0.34 Wudn egdel usaz AN

[ %

¥ 1 1 1 i
Use@nBn1mmeAnuFangean uasiiefiansnunndnsdiuanyanila wudn Admsndon

ANyAlWIaN 0.25-0.36 lAAINIEITALARAT AzdenaliiAn Usz@nininmisaniniau geau

a

usNanIdruanyalutoe 0.36-0.37 Wi wudiaNdsaLadeTasy Az lidnalian
sr@AnsninneanuFauilasuudaanansneiuninin Inaprasausiaslien Ussdnsnan

nAnFaugegaiiu 24.3% N1ANEI9eU 1300 rpm NaRsIduANYA 0.288 uazliien

[ %

Usz@nininniamnuaunngaiili 15% Nra1uiiasan 1600 rpm NdRsdauanya 0.246
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ANMIMAGEL AN A N9Egagn  ANANAUTITNINNAN UsTANanInmIa
pFautupnaiisan Wil 619 uazanudNuSszdneAn dsz@nanamnisenny
Saurusmmdauauyalun i 6-20 Wuanuddauiien13lunsed 6-10
pranefl 6-10  Reuinnaves azdvanmmnsanadeu fidnnnza mi:qngm'ﬁ'
ANNHITITALFNNT  LAZHAYEN UseANENIMNI9ANNTaL ﬁuﬁmﬁmummﬂ@ﬁ

[ %

ANNDZAIAINNILEIGN NEFINAIUNTBATBILATASEIUR 13.7: 1

Needle Speed (rpm)

CR | Valve 1200 1300 1400 1500 1600 1700
@) [N @) | ® [ nhes) | @ [N | @ [ nne | @ [nhe | @ | e | O
70 A A A A | 2005 |0382| 2012 |0368| 201 |0356| 19.71 [0.357

60 18.13 [0.405| 20.01 |0.378| 19.92 [0.363 19.4 0.345| 18.54 [0.334| 16.84 |0.332

50 211 0.347| 22.27 10.331 22.2 0.3221 2161 |0.306| 20.19 [0.290| 16.86 |0.282

40 23.76 |0.299| 24.25 (0.288| 22.91 0.275| 21.42 ]0.2568 15 0.246 # #

dl o Y o o/ e
Wanuua lidryanen
A dl dl o a .
A Aa qanpaauiiazesausiianisian (Knock Condition)

& oA s o < "y
# AR ﬂ]@mm@ﬂUV]Lﬂ?ﬂ\‘]ﬂumm’]ﬂquL?Q?ﬂu13~]1m

A1nm139R 6-10 @g/lAdn NAvniFaseuasile Welfudsunnnisenaimainas
dl 8 a a Aa % 2({ 1 a A v dg/
anAY LATadeufazilA UssAnaninnieanuieu geaau Ina Al Uss@nsninmnipaninien i

azietiupudndou fauazni191tla Needle Valve Iasninniasasausazlian dsc@nsnin

N D T 2 X G o
NNANNTIU G971 HAANITNAS I RT Ao uaNy Ay usnANL39aun 1500 rpm
WU UFunnnisansaanasa lideua liAnlss@ansninnisannusauilasuudanansng

Aunnin andunANEasey 1600 rpm 71 40% Needle Valve wasimanuizasay 1700

rpom 7 50% WaY 60% Needle Valve Hat5uiFunminns[ne@anaaanad 1Azeseusazlen
1l3r@Anin1nnannuean Anasatinaiuledn waziilanansanniasaznadle Needle

Valve puiilae) iaseseumazliian Usz@nsninnianndeu anas iWenaudasauninnd

1 v 1
1300 rpm  waNANUWLINSRIIAUANLYATUTN 0.36-0.37 1l ANNNITITALIVBILATANLIUE

aylidanalian Usrdnsnimmieanudau wasuudasuansieiuninidn  Tagiananson

a

% !
QOINNANI9ARALEITDTOWAY DME Wudn azatlutasiiasn udiamugil 235 C vise

q U a

a

502 K Geundanznisanssiineanntuindnuniangudmeuunnnauy azdaualiinn

be

a [ [

WI9AU LABNAMDENNAs e ATANEIUE M llATasausd Alsz@nninnisannudeu geaiu



95

1 & Y o a a é’ < a ] Y a o Y o o 4
agialafimuindanznisansulaeainiuduiull azdaalfinnusesusnunisdn vinli
LPFRNEIUATH AN IEANENINNINANINFRU AR UATWLIAIUINA SRINAIUANYATBITANAS
DME unasnniiulyl azdenalil dsznisansciiafiatuandnivll audowlug  Ainlu

Jeuzaenefa N1 1A AN AL AN NINNI9ANNERUAN R LT ULAEIIN

6.3 HANISVNARAUANTTOULNANIIFIUN15aN 10.3

6.3.1 usediausnunla (Corrected Brake Torque, T,)

NATRaLITIALLITAWA 2 (Corrected Brake Torque) qa9LATagels HCCI N4 DME

£3
ST

e nanzannnsegeqe wedlnaullniidandega (WOT) NronuiEasau Ay
1 ' dl élJ a ndl I Y o/ dll & o a 3 <
AFINe BepaupNEINaTamA AN THALATesuWE aannisdiuniaitaondaida
1ialiuaziBani 40%, 50%, 60% uaz 70 % Needle Valve Walddnsd aunisdnuas

LATANEIUAN 10.3 AR IAlUNINT 6-21 LAY 6-22

DME-HCCI : Corrected Torque
Test Condition : 100% Throttle @ CR=10.3

~ 2 |
£ %3 e —=T0% Needle Valve
£ $ e i S R O |
g 16 B i - > = . - = k= 60% Needle Valve
T 14 |t ey AT
S 1 B A
e g T =t + 50% Needle Valve
k-] 10 A o
3 8 i 1
8 3 S S S ST - C «o«B++ 40% Needle Valve
E o4 &
g 2

0

1100 1200 1300 1400 1500 1600 1700 1800

Engine Speed (rpm)

AR 6-21 NI ANNANWUS Tz ALLINLA L ANNNIEITAUN AN AIFD

N192g94n NERINFIUNIITATBILATENRINE 10.3: 1

AN 6-21WLd1 NAN1TUFLAUMUS Needle Valve AsiilaT iepaNiisey
2 x4 e s - . 4 B 4 -
WA wesaseufayirussdawsnudlasiias  uazianidasey agla wudi Arusedn

wenud [ daznlsiunudndauiauazniaitla  Needle Valve 1o 70% Needle azipn



96

wsadimtuanuily gandni 60%, 50% uaz 40% Needle AINANAL NAT9AR LATEEUAAL LI
Awseiatusnuiilagegaiilu 21.8 N.m A93i3a9a 1300 rom (1 70% Needle Valve) waz

Tirwsstawsnuilasngn 5 N.m fiAanua9a1 1500 rpm (1 40% Needle Valve)

DME-HCCI : Corrected Torque vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=10.3

24

T 2 .
= = e 1200 rpm
Z. 20 — __i_,.,_....‘l-ﬂ\ P
] - 5 i — = 1300 rpm
S 12 —— e j P
g 14 = ’-;;‘ o= ---#-- 1400 rpm
] _—— wr N
E © e 2 —a- 1500 rpm
3 10 ~ )
g B S A L —= =1600 rpm
v - < >

=1 . . d
- o - i )
S 2 ' ol —a - 1700 rpm

2

0 i

0.24 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 041 042

Equivalence Ratio

N 6-22 nemlanNdnRugszndnussdanwsnuilaiudnsdeuanyananinzasio

dl o ! o dl o
NITCHQAN NAATIATUNITBATDILATAIEI VP 10.3:1

= A @ u A4 a X A quo
AMNNTINN 6-22 WL Vlﬂ')’\ﬂJLﬁ"Jﬁ‘ﬂ‘]Jﬁ\Wﬂﬂj LM@LWNL‘T]@LW@QIM@B‘]?']@'DH@MH@
o dl

QI dg{ dl & 1 a d? dl a2 dl ! dl
WWNTY iATaseUsias lALSSTALLIN LLm%@x‘mu LAZLHANANTEUNNDATIRIUANYAANIN 1@"] N

ANNNIEFITEL 1500, 1600 WAZ 1700 rpm  LHaANIEITaLanaY azdana A wsadn  wen

uiliaay douiaeididasan 1200, 1300 uay 1400 rpm Wud SR dauaNya Tutag

¥ 1
=S

0.26-0.34 iflapnnaniasatanat azdanaliAiusda wan wilget anusNdnsndon anya
luging 0.34-0.4 11 wudnAriseLasuAsssauiazlidnalsiAusedn wan wiila
Wanuulawuansnefunnin nanae isestusazlrusela wsn wilugegmiilu 21.8
N.m finanaiSasen 1300 rpm Ridnadauasya 0.415 uazlfiussdnwenuilasandu 5
N.m fiAanai§asan 1500 rpm ﬁﬁmwmmmﬂ@ 0.25

anNAAey fianiazees Neegeqn  ANANRUEIEnInsusadiawsnuilariy

AMIEITRL TUNINd 6-21 uazaNduAusszndnussinusnuilanudnsdouanya u

A 6-22 TenanalFaua 13 lunn19n 6-11
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1997 6-11 WiaLWeUNa2eIws AN lINaN19E AR N13TgagANANNEITaL
51197 wazkatedundasnudlaiudnsdiuanyanan1nzamonisygaga

FNINRIUNNIFAUDILATAILIUE 10.3: 1

Speed (rpm)

Needle 1200 1300 1400 1500 1600 1700

CR Valve |Corrected Corrected Corrected Corrected Corrected Corrected

(%) | Torque ® | Torque | @ | Torque O | Torque | @ | Torque | @ | Torque | @

(Nm) (Nm) (Nm) (Nm) (Nm) (Nm)
70 A A | 2183 [0415| 2043 |0.394| 1866 |0373| 17.96 |0.368| 1584 |0.366
60 20.48 |0.395| 19.77 |0.373| 18.71 |0.344 | 16.95 |0.340| 14.84 [0.325| 14.15 [0.327
109 50 19.08 [0.352| 17.67 [0.333| 1551 |0.313| 13.04 |0295| 811 |0.283| 564 |0.281
40 1555 [0.292| 12.73 |0.276| 7.77 |0.259| 4.95 [0.250 # # # #

dl o Y o o e
Wanuua lidryanen

A dl dl & a iy
A fa qanpaauditaTessudiianisian (Knock Condition)

o dl dl & o @ M v
# Fo qanaaavfirsesausin A Ease il la

A1nesei 6-11 agullddn Nasiiaseuaiilee Welfulsunninisenaimenas

WL weesswiariAtusadawsnuilagean nausedaenudlatazudlsfiunudndou

'
A o ]

v a =3 [ QI dg( ' A (3 IS A
Farnzniailn Needle Valve winlfdniladnadiuanyaiingy wudnipseseausasiien
wsadimusnuilugean uaziiaNansaniessznisila  Needle Valve Asiila7) wudniile
B O A R e st S s -
AYNITITRLIANTY wiFastufasiiATusadinwsnuflanigs ynfeuazniades Needle
Valve Tngiileia1snungouniini?qnannledaddainds DME wudn avesilugaanieann
Tudignuugi 235 C ¥ve 502 K avmndsaznisansuidaeainay Indsiumisqneus
d? ! Y a [ 2 o o o dl o o 4 dl o A
FIELUNINTY Az@INa iAW I@iNdszindsrearseseus  inlesaseus ded
a dgl 1 =3 v g a a 49{ < a 1] Y a
wsadimusnudlageay adnelsfinaudn Sonznisaessdaeaiatudaiull azdaalifa
L3aAUAUN8R i lATeseuRRAT U daLInWA lIRA189 wasnuduINAn dRsndauanya
¥

290 T0WAY DME Lannifinll azdanalil dnznisanssdafisnauand 1inld audou

lujiAnlusamzaanasia M leresausiaussdausnud lamasduieaii
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6.3.2 ANMNAULINALRARALLSN (Brake Mean Effective Pressure, bmep)

NATBd AN ALEANALAALILUTN (Brake Mean Effective Pressure) UDILATDIEILGT

HCCl 4 DME Wwimainas Naninzasdanniszgegn waitlaauliniiaandega (WOT) 7

@ a = X a o o, vo A - o
AINHNLTITALAINATF N GINﬂ')‘i_l@N“LE‘N’]E‘IALT@LW@QﬂﬂsﬁVI’QqﬁliﬁﬂULﬂi‘ﬂﬂﬂum ClalalalFiEsT,
a & @ a o a dl dll ¥
n1stannaddnTinliuazias A 40%, 50%, 60% waz 70 % Needle Valve el

FRTAIUNITAURILATAIEINEN 10.3 AILAAI I IUNINT 6-23 LAy 6-24

DME-HCCI : Brake Mean Effective Pressure
Test Condition : 100% Throttle @ CR=10.3

450
400 & = 70% Needle Valve
350
300
50
00
150
100 3 “
50 I
0 i i i
1100 1200 1300 1400 1500 1600 1700 1800

= k= 60% Needle Valve

2
2 =4 + 50% Needle Valve

+ool++ 40% Needle Valve

Brake Mean Effective Pressure
(kPa)

Engine Speed (rpm)

NN 6-23 NI AN HANRUS TN AN UFUTIRA LR AL INTLAIN T

NAN1ITAIFINII 494N NERI1AIUNIIEATR9LATRILUE 10.3: 1

1
a

AINANT 6-23 WU NANITLIFUAULLS Needle Valve Adfila] iWana1Niisey

QI dg{ dl " E 2 o %3 dl c: dl @ a [ % dl o
WNTY LATageUAAz lHANANNAUSINALRALIILINANAY  LAZRANITIaLIRa AN a5
UFHNnN9ane@aInasi 70% Needle Valve LATaEUFaziANANNNALIILALRALILLITNGIAN
IpeIAANALEINALRAtLITN AT un "Ndndoudasaznisiila  Needle Valve Iaaid
70% Needle ValveazilAn AnuAUSINALRALLLIIN §INI7 60%, 50% UaAT 40% Needle
o % | A dl 'S EZ o o dl [~ all [~3
FINAIAL NaNAe hsasausazliAiANuianaefnsngegaiiu 387 kPa NAvaiEn
591 1300 rpm (1 70% Needle Valve) uazliA1auauiaualaaeilmaNgn 87.7 kPa

AYNNLFATAL 1500 rpm (7 40% Needle Valve)
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DME-HCCI : Brake Mean Effective Pressure vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=10.3

-_

a

g 1200
—— rpm

0 400 i P

§ 350 =o" — -+ 1300 rpm

[ e s

& 300 V/;;ﬁ = j oo 1400 rpm
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(%) (O] 0] 0] 0] O] 0]
(kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
70 A A | 386.96 [0.415| 362.16 | 0.394 | 330.81 | 0.373 | 318.35 |0.368 | 280.75 |0.366
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6.3.3 ARTINNTAULLADUTALNRIANLNIZLLSN (Brake Specific Fuel Consumption,bsfc)

NATR9EMINN13AUL AR ITRINAIRINNZILSN (Brake Specific Fuel Consumption)
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DME-HCCI : Brake Specific Fuel Consumption
Test Condition : 100% Throttle @ CR=10.3
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DME-HCCI : Brake Specific Fuel Consumption vs Equivalence Ratio
Test Condition : 100% Throttle @ CR=10.3
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Speed (rpm)
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(%) o 0] 0] 0] 0] 0]
(g/kW.h) (g/kW.h) (g/kW.h) (g/kW.h) (g/kW.h) (g/kW.h)
70 A A 404.92 [0.415| 405.08 | 0.394 | 419.42 |0.373| 416.12 |0.368 | 451.38 [0.366

60 429.31 [0.395| 411.51 |0.373| 394.97 | 0.344 | 423.77 |0.340 | 447.33 |0.325| 448.99 [0.327
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6.3.4 ANTINTAULLABINAINUTINANNE (Specific Total Energy Consumption

Efficiency, stec)
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DME-HCCI : Specific Total Energy Consumption
Test condition : 100% Throttle @ CR=10.3
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DME-HCCI : Specific Total Energy Consumption vs Equivalence Ratio

. Test Condition : 100% Throttle @ CR=10.3
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LATRNEIUE 10.3: 1

Speed (rpm)
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(%) 0] o o o 0] 0]
(MJ/KW.h) (MJ/KW.h) (MJ/KW.h) (MJ/KW.h) (MJ/KW.h) (MJ/KW.h)
70 A A 1151 |0.415| 1152 | 0.394 | 11.92 | 0373 | 11.83 |0.368| 12.83 |0.366
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10.3
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6.3.5 UszANBNINNI9AMNSAU (Thermal Efficiency, 1,,)
Nare9LlsEANENInnIaAaNFan (Thermal Efficiency) 18dtAzaseus HCCl 7l

DME {luideimas Naninzaeiannissgegn wedaautiniidendega  (WOT) aauiin

i
a

dl 1 1 dJ d’l a (2 Y o dl 6 o/ a
20UAINANFNT TAUANLEN DuEmaNASTgN A el uATaseus ann1ely uniadla
nadNTReUSUAZIRAT 40%, 50%, 60% WLAT 70 % Needle Valve Lilaldamnsaiunisdn

YRILATAIEINAN 10.3 AaLana 11N WA 6-29 way 6-30
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N1MTFIU I1SO 3046 ANLIUDINLNITNARALILATDILUE [38]

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

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

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

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

Overspeed protection

n.4 Units and terms
Nn.4.1 The units used are those of the International System of Units (SI Unit)
described in ISO 1000.

Nn.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 :
O, = 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.

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

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

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

Nn.6.1 Introduction

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

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

Nn.6.3 independent auxiliary : Iltem of equipment which uses power supplied from
a source other than the engine.

Nn.6.4 essential auxiliary : Iltem of equipment which is essential for the continued
or repeated operation of the engine.

Nn.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
Nn.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 :



127

a) the kind of statement of power (see 7.4) and of necessary, the ambient
and operating condition (see 7.4.2).

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

c) the kind of power (see 7.3).

d) the corresponding engine speed.

NOTE

1. The term used in a) to ¢) 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 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.

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.

Nn.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.
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n.7.1.5 Engine with integral gearing

When stating the power of an engine fined with an integral (built-in)
speed increasing or reducing device, the speed of the driving shaft extremist shall also
be given at the declared engine speed.

n.7.2 Kinds of power

n.7.2.1 Indicated power

The total power 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.

Nn.7.2.3 Net brake power
The brake power measured when the engine is using only the auxiliaries
listed in 7.2.2.1a).

n.7.3 Kinds of power output

Nn.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.
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n.7.3.1 Overload power

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

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

Unless otherwise stated an overload power of 110% of the continuous
power at a speed 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 so that the fuel stop power cannot exceeded.

n.7.4 Kinds of statements of power
n.7.4.1 ISO powers
n.7.4.1.1 1ISO 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 :
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a) at a stated speed under the operating conditions of the engine
manufacturer’s test bed;

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

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

Nn.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;

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).

Nn.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.
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n.8.1.3 ISO specific fuel consumption
The name given in the specific fuel consumption at the 1ISO 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 kd/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.

Nn.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.

Nn.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) :

P, =OP, (n-1)
Tl

k= (Peagpu | (T ) (T | (n-3)
pr _a¢rpsr Tx TCX

n.10.2 In the case of turbocharged engines in which the limits of turbocharger

o =k- O.7(1—k)(1 _1J (see note 2) (n-2)

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)
m n q
k = Py L Tcr (ﬂ_4)
pl’ T)( TCX

P, = Prx( % j (n-5)
/s

max

Where :

P.is the brake power;

p, is the standard reference total barometric pressure;

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

(1)r 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;

TC. is the boost pressure ratio at declared power under standard reference

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

max

manufacturer;

QL is the power adjustment factor;

k is the ratio of indicated power;

N..is the mechanical efficiency (see note 4);

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

P, is the total barometric pressure condition being considered,;

p., is the saturation vapour pressure under pressure the conditions being

considered;

d)x is the relative humidity condition being considered;

T, is the absolute air temperature being considered;

T, 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 n-
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 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 n-1.

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

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

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

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

b, = Bb, (n-6)

where B = k/OL (n-7)
where :

b is the specific fuel consumption

B is the fuel consumption adjustment factor

O 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
reference a m n q
Power limited by A 1 1 0.75 0
Non - air excess
Compression turbocharged Power limited by B 0 1 1 0
ignition oil thermal reason
engine and Turbocharged
dual-fuel without charge Low and C 0 0.7 2 0
engines air cooling medium speed
Turbocharged four-stroke
with charge engine D 0 0.7 1.2 1
air cooling
Spark ignition Non - E 1 0.86 | 0.56 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 1 0.5 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 g could be zero. At
present, they apply only to the type of engines specified but table n-1 will be extended

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

The customer shall supply the following information concerning the required
power :
a) The application and the power required from the engine and details arising
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.

c) 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.

j) The type of governing, with speed droop of required (see ISO 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 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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N159IADASINIS LARURIDINIARILAE Air Box Method [14]

n3ipdnsnislnatesanIAfands Air Box Method ilunisdnlaelduciueesvis
dsznaufudsinenia TsdawneniAazdosann1ange AN T9I81 NIANNARAITNAINIY
o di ¢ o % A 1 an A o A o o
nsnineuzedezesens inlianian acueesiaidnsnsluanasinane  aaunsadn
o ! % ¥ g
pNAURNATaN lgNseININTY

aduiuAuInastewineeINg inedszunn NansNs luasi1e]) LanAs

d‘
R38N 2-1

[

A13719% U-1 m‘mmLiuﬂqu@uﬁnmwm@@?%‘imﬂﬂi:mm%mﬁmﬂmf;ifmj [14]

Orifice Diameter (mm.) | Air Flow Rate (m3/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
Vena
contracta Measuring
é orifice
N\
\&: —\‘ ] Airbox
f—:
a
,_1'_ =, To
= hﬂan:ometer engine

AN 2-1 ANNNIRERIINTT IMATR9aNATALAT Air Box Method [25]
 ANENEILAAINNTINATBIRINAENLILEY Orifice Plate

- NINANLAANNIN Orifice Flow Meter

Ysunmsresdanianiganazinlildinanisnsziianaaseniai ia ldgnimenzi

a8l Kastner [14] A9@NNT (2-1)
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A

AR Lﬁuﬂﬂu@uﬁﬂ@ﬁqmﬂq Orifice Plate (m)
A9 AMUIUNITLIANGLUDILATRIEIUG
A 13N1RsTadngngy (m?)

!
=

& = A P
AR V’]’)'\NL?Q?@UL@?@\THHWV]H@HWQ@ (rom)

anup e AN luacnu  Orifice  Plate  lwaesluagasaldld  (Incompressible

Flow) 4aza17un A INMIIMLLLeIa 1N ARST Aanannisiuasyad axladn
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2
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SEBERAR) RN A (2-2)

A8 ANAL (kPa)

)y

<

AR AANHLTIBNTA (M/sS)

v
o o o

AR UinAmWIzaeseInad (kg/m’-s) = P,.g

)y

AR ANNVWILULTRIRINA (kg/m®) Winfu 1.165 kg/m’ 1 30°C
AR 9ZALAINNEGS (M)

A ANANLRHasannusaTENaraalan (m/s?) winfu 9.807 m/s®

UNNEIUER Fatiae 1 UAY 2 AOAMUWLNAN1NE 1 uay 2 lugdl 2-1 991 muansy

Hasananiae 1 uenalls uasisaesaniazalussAuaanugaipaaiy A

Al FAMHNIFIURIBNNIA ANNANNTT (T-3)

2A
v, = =P (2-3)

2
pair

nslnaein Orifice axifin Vena Contracta @4aszyinlinsluaasatiaandmam])

IAND A9t aRANT IWALLLAYE) azldanI N7 ualna N9 NIA Aa
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ma = CooPair VAo (2-4)
Tmﬁi Coo A Discharge Coefficient 184 orifice plate
A, ABAUIAUD4 Orifice (M)
nsfANasnsANUANAsEN Orifice Plate axinlaeldunuefines deaslian
Head Tumiae mmH,0 GeanunTnti sAWIMHARIANGuANATes Orifice Plate 1#
AMNANNIT
Ap=py 09 Ah (2-5)
Toefi Ah  #e wasing Head gnuldanunuefivnes (mmH,0)
Pio A8 AU R (kg/m’) Winfu 997 kg/m®
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(F/A)
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4.2 N1FATUIUMUUA Mixer

P o a %
NANN 3-6 LULRNQBNNNLTERT

Specification: Engine model Kubota RT140

Engine size 709
Maximum power 14
Fuel consumption SES
Inlet diameter 44
Volumetric efficiency 70
Condition: Air inlet temperature 27
Ambient pressure 1

Properties of fluid:
Air: Density
Specific heat at constant pressure, ¢
Specific heat ratio, k
DME: Density (At 288K and 1 atm
Lower heating value
Diesel: Density

Lower heating value

cc
Ps (10.29 kW)
litre/hr
mm
%
(0]
C (300K)
bar (101 kPa)

1.14 kg/m’
1.004 kJ/(kgK)
1.4

2.057 kg/m’
28.43 MJ/kg
0.825 kg/litre
425 MJ/kg
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FIN979% A-1 FRYANANINARDLANTINULIBILATANEUH DME-HCCINAN1ITAIFINIIT494A1098R9Nd9un138n 18

Condition Temperature
Torque | Corrected T | BMEP Power m; BSFC STEC N AmbP | GasP m,
CR Speed | Needle Exhuast | Lube oil [Cooling water | Air box DT WT F/A 0}
(rpm) (%) (N.m) (N.m) (kPa) (kw) (9fs) | (g/Kw.h) [(MI/KW.h)| (%) (°C) (°C) (0 (°C) (°C) (°C) | (mmHg) [ (bar) (gfs)
1200 70 7.26 7.44 131.80 0.93 0.308 | 1186.47 | 33.73 10.67 232.4 571 73.5 34.3 31.6 30 753.35 | 0.0043 | 6.809 0.045 0.407
1400 70 7.61 7.75 137.39 1.14 0.313 992.94 28.23 12.75 228.5 36.4 55.2 33 31 29.8 753.35 | 0.0050 7.769 0.040 0.363
1200 60 7.61 7.71 136.60 0.97 0.294 | 1094.63 | 31.12 11.57 284.2 80 73 32 30.8 29.8 754.55 | 0.0038 | 6.712 0.044 0.395
" 1400 60 8.13 8.23 145.93 1.21 0.305 910.57 25.89 13.91 246.8 75 70 32 30.8 29.8 754.5 0.0051 7.732 0.039 0.356
1200 50 7.95 8.12 143.97 1.02 0.278 979.66 27.85 12.93 216.6 44.4 62.2 34 29.8 29.2 754.3 0.0029 | 6.689 0.042 0.374
1400 50 8.30 8.41 149.01 1.23 0.300 875.61 24.89 14.46 240.8 88 72 32 30.8 29.8 754.6 0.0045 7.676 0.039 0.352

651




FIN979% A-2 FRYANANINARDLANIINUZUBILATEIUH DME-HCCINAN1IEAIFINIIZEIgATa8nsndaunisdn 13.7

Condition Temperature
Torque | Corrected T | BMEP Power me BSFC STEC N Amb P | GasP m,

CR Speed | Needle Exhuast | Lube oil |Cooling water | Air box DT WT F/A 0}
(rpm) (%) (N.m) (N.m) (kPa) (kW) (g/s) | (g/Kw.h) [(MIKW.h) (%) (°C) (°C) (°C) (°C) (°C) (°C) | (mmHg) | (bar) (g/s)
1400 70 12.45 12.72 225.42 1.86 0.327 631.56 17.96 20.05 274.6 45.6 70.5 33.8 30.6 29.7 753.6 | 0.0052 7.705 0.042 0.382
1500 70 11.76 12.02 212.98 1.89 0.330 629.45 17.90 20.12 263.5 44.7 66.5 33.9 30.4 29.6 753.6 | 0.0063 | 8.085 0.041 0.368
1600 70 11.07 11.31 200.51 1.90 0.332 629.85 17.91 20.10 240.8 40.4 59.4 34 30.3 29.6 753.65 | 0.0072 | 8.397 0.039 0.356
1700 70 10.37 10.59 187.75 1.89 0.337 | 642.40 18.26 19.71 259.3 48.4 73.6 33.7 30.9 29.8 753.7 | 0.0076 | 8.503 0.040 0.357
1200 60 12.45 12.71 225.19 1.60 0.310 698.35 19.85 18.13 266.3 54.9 75.3 33.7 31.4 30.2 754 0.0043 | 6.882 0.045 0.405
1300 60 12.45 12.70 225.11 1.73 0.304 632.86 17.99 20.01 257.6 54.8 73.4 33.6 31.4 30.1 754 0.0052 7.249 0.042 0.378
1400 60 11.76 12.00 212.60 1.76 0.311 635.82 18.08 19.92 246.8 54.2 71.9 33.6 31.3 30.1 754 0.0057 | 7.709 0.040 0.363
1500 60 10.72 10.94 193.90 1.72 0.312 | 652.75 18.56 19.40 236.1 53.9 70.2 33.6 31.3 30 753.8 | 0.0070 | 8.143 0.038 0.345
1600 60 9.68 9.89 175.27 1.66 0.314 | 681.39 19.37 18.58 223.8 54.2 69.1 33.8 31.2 30 753.8 | 0.0075 [ 8.451 0.037 0.334
1700 60 8.30 8.48 150.30 1.51 0.315 751.85 21.38 16.84 212.8 53.8 67.6 33.9 31.2 30 753.75 [ 0.0078 | 8.551 0.037 0.332

13.7 1200 50 12.79 12.90 228.61 1.62 0.270 600.17 17.06 21.10 237.8 56.2 66.9 30.1 29 28.2 753 0.0051 7.012 0.039 0.347
1300 50 12.45 12.54 222.35 1.71 0.270 568.59 16.17 22.27 231.5 56 65.4 30 29 28.2 753 0.0056 | 7.346 0.037 0.331
1400 50 11.76 11.84 209.91 1.74 0.275 570.49 16.22 22.20 223 54.5 66 29.9 29 28 753 0.0063 | 7.695 0.036 0.322
1500 50 10.72 10.80 191.48 1.70 0.276 585.91 16.66 21.61 220.8 53.2 64.1 29.92 28.8 27.8 752.75 | 0.0074 | 8.133 0.034 0.306
1600 50 9.34 9.41 166.76 1.58 0.275 627.25 17.83 20.19 213 51.9 62.8 29.9 28.8 27.8 752.75 | 0.0082 8.525 0.032 0.290
1700 50 7.26 7.31 129.55 1.30 0.271 750.84 | 21.35 16.86 195.5 45.1 58.3 29.6 28.4 24.6 752.75 | 0.0091 | 8.656 0.031 0.282
1200 40 12.45 12.57 222.87 1.68 0.234 532.85 16.15 23.76 228.4 59.4 67.6 30.4 294 28.4 7525 | 0.0056 | 7.037 0.033 0.299
1300 40 11.76 11.87 210.40 1.62 0.234 522.10 14.84 24.25 218.9 59.5 66.6 30.3 29.4 28.4 752.5 | 0.0061 7.340 0.032 0.288
1400 40 10.37 10.48 185.74 1.54 0.236 562.77 15.72 2291 208.9 59.6 65.9 30.3 29.4 28.4 752.2 0.0070 7.742 0.030 0.275
1500 40 8.99 9.08 160.91 1.43 0.234 | 591.06 16.80 21.42 198 59.4 65.6 30.2 29.2 28.4 752.2 | 0.0079 | 8.180 0.029 0.258
1600 40 5.88 5.94 105.21 0.99 0.233 | 844.45 | 24.01 15.00 183.5 59 66.9 30.2 29.2 28.2 752.2 | 0.0087 | 8.543 0.027 0.246

091




FI1979% A-3 TRYANANINARDLANTINUZUBILATEIUH DME-HCCINAN1IEAIFINIIYEI4A1038R9NdaunIsdn 10.3

Condition Temperature
Torque | Corrected T | BMEP Power m; BSFC STEC N Amb P Gas P m,

CR Speed | Needle Exhuast | Lube oil [Cooling water | Air box DT WT F/A 0}
(rpm) (%) (N.m) (N.m) (kPa) (kW) (9/s) | (g/Kw.h) [(MIKW.h) (%) (°C) (°C) (0 (°C) (°C) (°C) | (mmHg) | (bar) (9/s)
1300 70 21.44 21.83 386.96 2.97 0.334 404.92 11.51 31.27 280.2 50.2 85.2 33.8 31.9 30 755.7 0.0043 7.254 0.046 0.415
1400 70 20.06 20.43 362.16 3.00 0.337 | 405.08 11.52 31.26 253.1 49 83.9 33.9 31.8 30 755.65 [ 0.0052 | 7.714 0.044 0.394
1500 70 18.33 18.66 330.81 2.93 0.342 419.42 11.92 30.19 240.3 48.9 78.8 33.8 31.6 30 755.65 | 0.0063 | 8.255 0.041 0.373
1600 70 17.64 17.96 318.35 3.01 0.348 416.12 11.83 30.43 230.7 46.9 75.6 33.7 31.4 29.8 755.35 | 0.0073 | 8.512 0.041 0.368
1700 70 15.56 15.84 280.75 2.82 0.354 451.38 12.83 28.05 216.6 45.6 71.6 33.5 31.2 29.8 755.2 0.0078 | 8.714 0.041 0.366
1200 60 20.06 20.48 362.95 2.57 0.307 | 429.31 12.21 29.50 248.2 47.8 815 34.1 32 30.2 754.75 | 0.0044 | 7.005 0.044 0.395
1300 60 19.36 19.77 350.38 2.69 0.308 411.51 11.70 30.77 286.3 47.3 78.9 34 32 30.1 754.6 0.0050 7.423 0.041 0.373
1400 60 18.33 18.71 331.63 2.74 0.301 394.97 11.23 32.06 274.4 46.6 76.8 34 31.8 30 754.55 | 0.0058 7.873 0.038 0.344
1500 60 16.60 16.95 300.49 2.66 0.313 423.77 12.05 29.88 226.1 46.4 76 34.1 31.7 30 754.5 0.0073 | 8.297 0.038 0.340
1600 60 14.52 14.84 262.97 2.49 0.309 | 447.33 12.72 28.31 214.9 46 72.9 34.1 31.6 30 754.4 | 0.0080 | 8.552 0.036 0.325

10.3 1700 60 13.83 14.15 250.79 2.52 0.314 448.99 12.76 28.20 200.2 45.4 70.8 34.4 31.5 29.7 754.25 | 0.0080 8.647 0.036 0.327
1200 50 18.67 19.08 338.20 2.40 0.276 414.21 11.78 30.57 254 48.8 721 34.5 31.2 30.2 755.2 0.0050 7.063 0.039 0.352
1300 50 17.29 17.67 313.26 2.41 0.274 410.25 11.66 30.87 258.4 50.2 76.7 34.6 31.4 30.3 755.2 0.0055 7.418 0.037 0.333
1400 50 15.22 15.51 274.91 2.27 0.276 | 436.60 12.41 29.00 235 48.3 "7 33.8 31.8 30.4 755 0.0066 | 7.932 0.035 0.313
1500 50 12.79 13.04 231.14 2.05 0.274 | 480.68 13.67 26.34 2154 47.6 70.4 33.7 31.8 30.4 754.85 [ 0.0076 | 8.356 0.033 0.295
1600 50 7.95 8.1 143.69 1.36 0.270 716.27 20.36 17.68 178 48 69.3 33.7 31.8 30.4 754.8 0.0086 | 8.610 0.031 0.283
1700 50 5.53 5.64 99.97 1.00 0.273 978.87 27.83 12.94 164.6 48.6 69.3 33.7 31.6 30.2 754.75 | 0.0089 | 8.758 0.031 0.281
1200 40 156.22 15.55 275.65 1.95 0.229 421.07 11.97 30.07 225.8 50.5 7.2 34.8 31.4 30.3 755.75 | 0.0056 7.062 0.032 0.292
1300 40 12.45 12.73 225.55 1.73 0.228 472.93 13.45 26.77 200.5 50.4 68.8 34.8 31.4 30.2 755.7 0.0062 7.418 0.031 0.276
1400 40 7.61 7.77 137.78 1.14 0.228 720.25 20.48 17.58 160.2 49.7 68 34.7 31.4 30.2 755.7 0.0070 7.924 0.029 0.259
1500 40 4.84 4.95 87.73 0.78 0.232 | 1072.51 30.49 11.81 149.3 48.7 67.8 34.8 31.3 30.2 755.6 0.0081 8.345 0.028 0.250
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