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# # 5070515821 : MAJOR MECHANICAL ENGINEERING

KEY WORDS: DME / COMBUSTION / PERFORMANCE / VISUALIZATION
AKKAPONG SATHAVARINTHU : ANALYSIS OF COMBUSTION AND
VISUALIZED COMBUSTION PHENOMENA OF A CI IDI DIESEL ENGINE
FUELED WITH DME.  THESIS 'ADVISOR : ASSOC. PROF. KANIT
WATTANAVICHIEN, Ph.D., 327 pp.

The objectives of this work are aimed to study DME combustion characteristics, using heat
release analysis and visualization technigue, injan IDI Cl engine. The work was divided into three parts.
First, engine parformar_'lc; study with DME fuelled. Second, engine combustion characteristic studies
using heat release ﬁhalysis:_,.mird,_gnﬁn,a gombustion images studies by means of engine visualization.

Results from@ full load engine performance test shows that engine's maximum brake torque
and energy cunvﬂr:..alon efficiency will ba increased when engine compression ratio has been reduced
from OEM's standa_r_q.{'m :1)40 161:1. The maximum engine's brake torque at engine speed of 1000 rpm
is 12.04 Nm with fuel injetion timing of 24 degree BTDC and at engine speed 1200 rpm and 1400 rpm is
11.56 Nm with fuel injection fiming of 26 degree BTDC. However, engine's energy conversion efficiency
will be maximized with fuel injection timing of 28 degree BTDC at all engine speeds. The results from
part load engine performance test also.show that engine's energy conversion efficiency will be
maximized with fuel injection timing of 28 degree BTDC at all test point. Exhaust black smoke was not
found at all engine test conditions. Results of engine combustion characteristic studies reveal that the
more the advance of engine fuel injection timing, the higher the maximum in-cylinder pressure. The
highest mass fraction burmed will be occurred with fuel injection timing of 28 degree BTDC. The engine's
combustion visualization with flash on shows that injected fuel from nozzle h;a;l_a'c)uuld be observed at 15-
20 CA after the SOI, The fuel’s spray penetration is short due to the sudden vaporized of DME, then mix
with air and sudd&ﬁw burn. The demand of latent heat of DME vapuriz.ﬁlion during its phase change
results in lower engine combustion chamber's temperature thus spray liquid core can be observed.
Combustion images without flash on show that the flame can be observed since the 50I. DME
combustion has blue flame due to its low amount of sool in flame. Therefore, diesel like luminous flame
cannot be seen.

Finally, this research can be concluded that DME fuel is a clean alternalive fuel for pollution
reduction. For the best use of engine's madel that is employed in this work, the optimum energy
‘conversion efficiency and mass fraction burned can be achieved when its compression ratio is reduced
to 16.1:1 and engine fuel injection timing is adiﬁistad to 28 degree BTDC.

r
Department -........Mechanical Engineering  Student's Signature /AL' s gl 1R bt f.'ff'”
Field of Study ......Mechanical Advisor's Signature ket nTlamanichuen
Academic Year :...2009...
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Methanol synthesis:

CD 4 2%, 1= CH.QH} AH? . =-90.3kJmol

xn

Methanol dehydration:
2CH,0OH = CH,OCH,+H,0,  AH}, =23.4kJmol™*

xn

Water-gas shift:
GO HY = H,WCW.} AH’® =409 kJmol™*

Net reaction:

3CO+3H, = CH,OCH, +CO,, AH? =258.6kJmol™

rxn
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Property DME
Chemical formula CH,OCH,
Mole weight [g/mol] 46.07
C ratio [Yowt] 52.2
H ratio [Yowt] 13
O ratio [Yewt] 34.8
S ratio [%owt] 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/m’] 668
Lower Heating Value [kd/kg] 28430
Latent heat of evaporation [kJ/kg] 460
Vapor pressure @ 20°C [MPa] 0.51
Cetane Number 55-60
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et ppm Tnefsuams | waaluiana wrdaulug | angndoulnelua
O, 209,500 31.998 0.2095 1
N, 780,900 28.012 0.7905 3.773
Ar 9,300 38.948

CO, 300 44.009

Air 1,000,000 28.962 1.0000 4.773
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Capacity
Province Feed -stock h Start-up
(WuRusail)
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 Q7
1M Henan Methanol 100 July 07
12 Jiangsu Methanol 50 August 07
13 Guangdong Methanol 300 September 07
14 Niingxia Coal 210 May 07
1093
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Province Feed —stock Capacity(Wufusall)

1 Jiangsu Methanal 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 Chongaing Coal 80
10 InnerMongolia Coal 3000
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2009 -3GulAsentsduy

2010-2012 - HUHUALNARAIRAALITN 3000 Fusadu
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U7 3-2 e lvdiaadiaTesans Cl wiy ID)aA Swirl Chamber [5]
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ARNAT Anaquat]luTe Flammability Limit S ananiulusyndnagng Ignition Delay ag
Aansun nsiustinssandalugas 2-3 asrnmandewies Tnadmianfisndaanlvsded
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Lﬂum@Iﬁﬁmwmiﬂ@ifaﬂmw%‘@uﬁluﬂmﬁﬁm@a
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Ignition Premixed combustion phase

Mixing—conirolled combustion phase

Rate of heat release
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y 5 (TDC)
Crank angle, deg
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317 4-10 HAIDIANNAUNNIRATINFD spray angle [10]
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917 4-11 NATDIANIETINIRATHFD spray angle Waz break-up length [10]
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4123 m'ﬂiwmmﬂié (Spray Penetration)
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Tugil 4-18 udnduAL9IANALNITRATINSE Spray tip penetration 1AM
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31I7 4-13 spray tip penetration 1ANAWNNTBAGNY [10]
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3117 4-14 uAB4 valve opening pressure ANAa spray tip penetration [10]

1ugﬂﬁ 4-14 LAPNNAURN valve opening pressure s spray tip
penetration T9aziRlA31 spray penetration LilsEunsaMINAT valve opening pressure ad
AMN30Na11lA9N spray tip penetration azgnAALIAN AL injection momentum N4 ExF1

=
ABINTTRA

%

Tugiil 4-15 wanINaTasIIAgAIRANNSIE spray tip penetration &aina s

Jileanaunngin@nazin i spray tip penetration AuasAIAALAM
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a .4 .8 1.2 1.6 2
TIME t ms

%

gﬂﬁ 4-15 NA1DITUNA] NanNise spray tip penetration [10]



42

nN79ziveea4Llssl  Yasuhide TANI, Akinori SAITO Ly Masatoshi

2 o

YAMADA [10] loAnmnnssvweaddilseimamacluiamn meidinanmen waziian

u
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289N NTIdT
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A

wasuuilaslu density gradients AzgnAgine lWAN =G 183NN

- Back-illuminated film : a¥&4NARNNTA21a992119¢7 Tl Ua AN

experimental comdition:
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injectlen rate 1j¥m3l."5-,
injeciion timéng =BT ATOC
nobaTing SpeRE L00rpn
T1ln Epeed ARRIC S 5

Back-111uninated
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alter injeciicn (os=)

7171 4-16 nanfFauauAnEUzNs s maaasalstuasian 3 9lln (haagima) [11]
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<
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91N 4-17 nanadn kA AN IR IBdELL A WA LWIR e P,=1.53 MPa [12]
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$2UINTINIAINNTAA (0.25 ms — 2 ms) 1ATNEE branch-like Hazl
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31I7 4-18 N19WAMUITDY spray tip penetration Aa4ALL9ETANNIIAN [12]

4124 m%‘n%‘m'lml'awu'm%ﬂﬂL%mwad (Droplet size distribution)
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AR Kubota

o RT120

%l Single cylinder (gnguindauiilu
LU

seULRINA bl Swirl chamber (IDI)

¢ nszuengy (bore) 94 mm.

9940 (stroke) 90 mm.

Usnnnsnseuangu 624 cc.

TERFRLNT 12 hp /2400 rpm

wsaUAg9gA 4.0 kg-m / 1600 rpm

ARINFIUNAIE A 21

Wan szian: Wy uilang
AANAY: 140 kglem®

Janinduidaimas szinn: 84z visagnau
AATNAL: 600 kg/cm’

ILLLVARAL andalnaTuuu rotary

SAE 40 API CC A4 2.8 AR3

90

STULTLUNEANNNTAU | NHAUILLNTAUNTIEN 2212 ANNNEaY

WL Natural Convection A3NH] 2.2 ART

9 =
NHBANTAIRINA wuuen
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6.1.2 aUnsninANUAMNAURS (High Pressure Set)

HasanszuuAninimaaadaniiudaslduialulnsaudusuimainag DME el

DME  fantaziilugeauasnaannssuiunismagaunie luviedadeinas aeniliveds
\TRINANTBITELL (Fuel Line) [N nd1 3 MPa n3ldqinsalumgau 1iu vie
274 @”ﬁﬂﬁ”l,simmmwu' sungUnsaldademds iuvieny
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1397 62 TeazidangilnnitAnuANALgaEiTe Swagelok

NHELR

gunsal

1

Flexible Teflon Hose Tube Adapter (24”)

2

Male Connector

Ball Valve

Sample Cylinder

Tube Adapter

Union Tee Tube

Flexible Teflon Hose Tube Adapter (120”)

Reducer

O | O | ~W O}

Male Connector Parallel Threads

=
(@)

Regulator

Tube Seamless

2

Cap Tube

18

3-Way Ball Valve

14

Male Connector Parallel

ANNLANUEYa DME azasdntlunazenulildeingan lagdviatin DME daundy s

Tuaness Inavianldiiduiedemainag Aediiluianainisanuaausulsuinngn 3 MPa @3

TannsnldgUnaninnmsg unfanaiuATaseusla

6.1.3 aUnsalinansRulaacindudaings

N398R 1A UL ADNUNTWIT AN AL T9UIL @ N AN UUANGT TanITa

ansniuiaminls 60 Alandu HAranaziasn 203N Aegne-3 uazlfurinaduaiiive

FuUatiutnEawalasuLLlas
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717 6-8 ginsniniedndngn At desinduTenag

Yo o

o~ Y = ——a R 4 X o
F1919% 6-3 ?IQNUZWI%?L‘V‘l’ﬂ‘hlﬂ‘j]@\‘iﬁ]’]‘ﬁ\?ﬂlﬁ')ﬂ@[ﬂﬁ"\@um@ﬂ\‘]m‘ﬂL‘WZN

Model . | JADEVER JWA - 60K

Capacity 60 kg.

Resol_hti&n 29
InternaI"Resqution 1/600000 -
Pan size™ 320 x 240 mm

Sensitivity Driftd = 20 ppm / °C (685 °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
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6.1.4 ailnsalinanuni

a

nsdngaungiarldinesiustitla oiin type K (Chromel-Alumel, CA) tngifainas

1

TuATadnAusa uANaa UANLAZ A LR N A

a

[ %

o a o dl o o = dgj

FautlsgnunnAN1sM RN IARARE

n. gauunilads Taaldmesiudthilaslin Type K (Chromel-Alumel, CA) n13n
goup laidelivinnisansimesiuAuilalinvisledavasmaneanainiesun ndidszunn

10 LHuRLNAS AIgLN 6-4

" 9117 6-4 AumbsmesTuAudlanviele e

2. AUDNUINUNERAN AzRnfmesinALilaTin Type K (Chromel-Alumel,

CA) mmméuﬁn@uﬂﬂmq 0.65 1. Mnelusansestindunaaay Tmﬂﬁqmmﬁf]ﬁuu@'ﬂﬁu

wieg/lugaihdunseaunasanatuAsaiumasiuAuila uannag 7 6-6

o “ube il filter

e

717 6-5 nsAnseAuiaeanafiuALTansansesiniunaeau
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1. quupiaamai lvadvialafnauirwasenlne sinnnafadsmeTudl dla

1EnneTudainainie dagsendng Orifice Plate fiingasa1naA AgLli 6-7

[P ————

519 6-7 aanansamasiuALiTla ludwinaina

6.15 aunsalingnsanasluavasainia
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UFnundndainenia degi 6-8  TnadainannidazdasannisnszinaxaadaInia

Wac11  Orifice FULHANNNIRINAINILANTNINIULBILATASEUS WALIAAIAINNAWANATAN



96

1
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Orifice Plate tWatinlUauanumdnsinisiuaresainia Ineld Inclined Manometer st

6-9 TnasaaziRaanisATuIiLans 3 lunnAnuan

31/71 6-9 Inclined Manometer

6:1.6, 21nTAIINAUKNNLAAINAULSTIEINIA-(Ambient Conditions)
$U9ININAABLANTIDUE N NN T guuginssit e Tanuasquugiinssilng
uwiaeaussennia laeldimesiudimefuuunsyiulsdanuaznsznhzuiauuulsen dou

ARNAuLgaENNIA Talas ldunsadines Asuaasuglin 6-10 Lazgui 6-11
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A (Hydraulic Dynamometer)
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¢ﬂl ¥ a a -8
F1919% 6-4 ‘?.I’ﬂNu@‘VI’NLVIﬂuﬂWﬂﬂ1ﬂu’]TNNL[ﬂ’ﬂﬁ‘

szinnaaslauniuiines Hydraulic Dynamometer

émam Redman Heenan International Company,
England

U Froude Hydraulie Dynamometer(DPX2)

Resolution 0.1 "'kg

ANNENUIUANAA(LB) .~ | 0.3525 m

ffegegaiiaanAsnsulé ‘ 156/7500 CVirpm, (1 CV'=0.986 hp)

¥ 1
c o a =

Walatnasuyu uaneyludaeargndeaseananlswas tngnivienesnil
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# uoadnioimovestahiu Dlaadunl vy draike
51l 6-13 nwsiamneseliaeslaunlafime fiiuylalnsda

réda 1

\HaLpTedguAn NN Llgnaf e AR neg LMW AIas N LU TR Fau

(@afluBaszarmnan) vyuninldsaelaafiun i uianans naldsFeanundellluiia

Wi ufiAN Iy ula WAl a1d99n3aksddaNna et unsziilffaen1snyu

wosnndzlFuAumisdaEeulindusneluntazann s Ainaanaunaldainuye (Pointer)

Ao A ' ' a J cy o = o o A X, £ 1 '
N fJL?'auLL@wlLLVIuimuWIQJQJLm‘ﬂ?m@\‘lm‘ﬁﬂuWﬂﬂ ﬂﬂ?ﬂ?uzﬁu@@ﬂmmLﬁ“ﬂuu%ﬂmﬁ‘ﬁﬂﬁum
v

o L% A

dl = dl a o o A Y as o J
m‘wuﬂm@memﬂmmmmﬂmmu@uma (Balance Arm) m@qmm‘@uimu AMNNITUIAN

o¥

1
o a

u’muﬂmmuimmnumﬁmmimmim Llﬂ’ﬂﬁ‘ﬂ AANIEAIEATG Y Y mm@ﬂmm‘iuu waf azlaen

wsadad mmmwuuﬂjmmm SNL‘V]’Wﬂ‘LILL‘J‘\‘I‘LIﬂVﬂﬁ?U@’]ﬂLW@W‘II’ﬂL“W’Jf.l\‘i"llﬂ\‘i Lm@\mumumm

[ (-3 J
6.1.7.2 m%’mm’mt%"n@um?mﬂuﬁ

7171 6-14 Proximity 7171 6-15 Pulse Meter
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qﬂﬂ?ﬂiﬁiﬁmmmL?‘fm@ﬂum?m@mﬁ A8 Proximity @15 Inductive 39
AR LR LAIDIEILE war linadumes (Pulse Meter) LAASANNIETELIYDILAT DAL
TnaiEinsa Proximity ﬁﬁgmm@ﬂmmimﬁmﬁ WAIAAYNIFITALAINN U IRt LAY
(Flange) wianlaunTufinesdonsgdiaiue ades ﬁqgﬂﬁ' 6-14 Lngﬂ‘ﬁ' 6-15 uazdays
NNWMATATBY Proximity Adln9RAN Y Fasaulduan 5 lunnaned 6-5

dviumdnniminiueesngunsafiaasnasaurse s eduneldn
Proximity tudumefauiudamanuiiiseuuuulidnda Tng Proximity WUy Inductive £
aAag U wsian WA (Electromagnetic Field) ’LummmmvmvmqLﬂmma*ﬁlﬂuiwz

(Metal Target)-#Melnudasnluszaz@ndna (Sensing Distance) aasdunuusiinan g

v 1
o ar

UaataananndaProximity 39T s8N TadUdRg iy GenialusaEauaes
Proximity 132nayusfag 1AaANKIALLNLLILAAN (Coil), peaTatainas (Oscillator), 2943

n39991(Trigger Circuit) LL@;"N@?L@WMV} (Output Circuit) ﬁ\igﬂﬁ 6-16

FN397 6-5 Ay amATATas Proximity AldinaAam 50 UIATaSEIUE

f4fa, $u OMRON, E2E-X2D1-N
PUIALEUENUAUENANN 8 mm (M8)

Type Shielded

Sensing Distance 2 mm £10%
Operating Voltage 12 to 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°Cto 70°C

Vibration -Resistance

10.to 55 Hz

Weight

Approx. 45 g
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o Electromagnetic . —
11 Field

Electrical Coil i1t

Oscillator J 4%
Voltage Regulator . |- L

s 1 \
=

| Trigger

.

Output

To Load

717 6:16 dautlsgnaunialusinFaneas Proximity iy Inductive

Tnueeadalainasly — Proximity a1A ks tARaL INHNIA NLUAINA9INY

% 1 =3 1 a £ < g 1
ﬂ'ﬁﬂu‘ﬂﬂm’]@?’k‘muqﬂuﬂLﬂﬂﬂh’\lﬁ’]LL@ﬁLLNfi’J‘ﬂﬂ‘V]’NN"J‘V]u”l‘ll'ﬂQLsﬁuLsﬁ‘ﬂﬁ‘ (Sensor Face) H1U

' '
o A @

A dl dl ' ¥ a A 1 <3 o
ORI LNBHNINEN ﬂui@'ﬂﬁm@‘ﬂuﬂ/]N’]‘HL"II'WN”ISLH?ZF;I$'ﬂVlﬁW@°ﬂ@\1ﬂu’13JLLNL‘VI@ﬂVLV\I‘INW AN

9

D

4

dulanzianainazgadundssauaanaunudivan mdavizaiianismtianiin (Inductive) 14

1
o =

nazua i lnaau (Eddy Currents) nnelusnaasingnidulancasnans vinldauanilaqe

q

[

Pa3auNusman Wi anay Bvdngnidulanzasnaindnlnduntazmiiaatnliian

al

nezualifinluaquninau unI9gnRaNANNINL2I00ATALALADFNINTY LHBAITDY

Lan1/agnanasNeAINNULA 29ATATIAAULAZINRIDITNNALATIAALIA AN AqALAz s

z?agaammmﬂﬂ?{ﬂmmmmLL@uﬂafgmﬁfmmiLﬂmﬂ@ﬂm (On-or-Off) %@ﬁ%u@gﬁudﬂ
Wuigasiiuuuy Normal Close (NC) #3a4uy Normal Open (NO) Lﬁ'@f?mqﬁ'lﬂuiwz
wasufiineeniainfondduiges TUNATBILDNLUAIAUBIBATALALADTALNALN
e Q\i@?mm@ﬁ/‘l_lLL@ZN@?L@WﬁWW@%M?Q@ﬁ/M“ﬂuWWIJ‘NLL@NU@@@%LWN%M wAarASAnyn0
sngin3dlavideils (On or off) fN@iLﬁﬂﬂ'ﬂLLﬂuﬂaﬁmﬂﬁumﬁquﬂﬂﬁ Tngnsasianvinnay
ﬁﬂﬂﬂ?dqﬁﬂ;mﬁmﬁaﬁﬁLﬁm%unﬂﬂ%ﬂﬂﬁqﬁm’ﬁm@?%w‘iwi’hmumiﬁuﬁﬂmuﬁazﬁ'
ety 1 3uniuazuanseanuifluainuissenluiasseuseund Inesunisfans

AYANNTT 4-1

~ (pulse/sec) x 60sec

rpm
(tooth no./rev.)
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¢=|I ¥ a o a o‘tﬂl < dll &
£1919% 6-6 m@s&@m\imﬁummwaﬁmmeﬂ%‘lummm PANHNRAAINTHETITRULATANE LA

fivfe, fu DIGICON, PM-05

Power Supply 100-240 VAC 50/60 Hz
Power for External Sensor 12 VDC£10%, 80 mA
Measuring Accuraey. (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

6.1.7.3 Piezoelectric Pressure Transducer

Asun129aLasALAIAINARUER AN LA AU A LT A LN R9NN 9N

$inanld Piezoelectric Pressure Transducer @slasvinliuaninseairsazilsznavdasuan

- = , — o = A P

poand deazanailszqineanuadiedusssnnagiauunan  Inglszqnangeanunayian
dl o
LUIRNHNLINNNTZNN

Tunasdamannauluieswnludazld Pressure Trapsducer &itia AVL §u

GU12P /a3 6-17 AAFNALUANALTIDILATALIUE ASLARN g 6-19 TeilsnaaziBansi

AN9197 6-7



F1979% 6-7  deyan1amATiages Pressure Transducer &% AVL 1 GU12P

faansinsaus 0-20 MPa
Overload 25 MPa
Sensitivity 150 pC/MPa
Linearity <+0.3% FSO

Acceleration Sensitivity

< 0.001 bar/g

Shock Resistance > 2000¢g
dosgaung il 400°C
Insulation Resistance ‘171| 208 C ~>1013 Q)
AN Capacitance 7 pF
Thermal Sensitivity Shift

194 20-400°C < $2%
194 200-300°C <£0.5%

o o dl ' | nil a £
Tun199ARINAUNTIBRLLTDLNGNA L 1
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Pressure Transducer giia

KISTLER §u607C1 54311 6-18 Tneiinsia Pressure Transducer Luyiaan e siuimaLngs

dosszndntininiumam@eiuionn Auandlugi 6-19 39isnaaziBan 1399 6-8

4

F19797 6-8 | deyanIumMAAL8Y Pressure Transducer &% Kistler §13 607C2

1 9
Fan19 1IN

0-482,633 kPa

P
ANNAUNGR |Agegn

698,476 kPa

A" Sensitivity

-0.0174 pC/kPa

gaunni Lt/ lugag ~196 - 260°C
muqmugﬁ Intermittent Gas Temperature 1650°C
A1 Temperature Coefficient of Sensitivity 0.02%/°C
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Y *

gﬂﬁ 6-18 Pressure Transducer

31I7 6-17 Pressure Transducer AMFLAAARNINAY

i agiein st ANTUTAAINNALS

dgl a dl Y o A
IR LNANINNINELITUNIRA

ﬂQ’]NﬂNL‘H@LWﬂ\?WW’]\?LﬂI’]MQ'ﬂﬂ

6.1.7.4 ML UTayaANNAL

389 DEWETRON Lﬂuﬂﬂmmﬂ%lumimm@mmqmulmmLmeJ
LagATEL EamAima s Ine s ssiteyasiag Tsunssl Combustion” Analyzer
Version 6 #inli@annsativdesansanfunl Real-time lainagA{eifldirdes DEWETRON

314 5000-CA-SE #iagii#l 6-20 uazidaganianaiindanisneh 6-9



911# 6-20 P78 DEWETRON $%5000-CA-SE [49]

F19797 6-9  TRyaNINIMALATEILASEY DEWETRON U 5000-CA-SE [49]

General Specification

Resolution

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

rom

Result display

Online mathematics and statistics
Fast online displays (pressure diagram,P/V

diagram,...)

Function

Powerful knocking recognition capability

Fast stream to disk mode

Z1 MS/s)

Input specification

Max. channels

32

Internal amplifier slot

16

Sampling rate

Up to 1 MS/s total

+50 V (isolated)

Charge

Resolution 12 bit
Input
+10V Standard

DAQP-V modules
DAQP-CHARGE-X modules

Crank or CA input

Isolated

105



FN99% 6-9  (sia) fayaniamaTinaesiATes DEWETRON u 5000-CA-SE [49]

Computer system

Display

177 TET / resolution 1280 X1024 pixels

Processor

Intel 2.8 GHz

Memory / Hard disk

1 GB / 250 GB high speed

DVD drive

DVD -/+ RW

Interface

USB, RS232, LPT, Ethernet

Operating system

Windows XP Professional

System specification

Dimension 460 X351 X 200 mm
Weight Approximate 17 kg
Operating temperature 21010 50.°C

Storage temperature WG IDLE

Humidity 10 to 80 % non cond., 5 to 95 % relative humidity
Vibration MIL-STD 810F 514.5, procedure
Shock MIL-STD 810F 516.5, procedure

Power supply

90 to 260 VAC

106

6.1.7.5 Charge Amplifier

v‘imﬁq‘ﬁ'LLﬂmﬁryn;ﬁmﬂi:ﬂWﬁﬁﬁﬁhﬂmﬂm’W]ﬂ Piezoelectric Pressure
Transducer W&ty cunnuuasaulniln (Analog) Lﬁ'@ﬁﬂﬂmemw?@ﬂizmamiﬁﬂgﬁlu
qiluuuigesnssiell Teld Amplifier $u DAQP-CHARGE-A 2 i Liteutasdmyayniann

FuelLine kag Main Chamber fauanslugii 6-21 Tnafidinganiematianiensnen 6-10

717 6-21 Amplifier {4 SAQP-CHARGE-A



F11979% 6-10 doyantamaiinas Amplifier $1 DAQP-CHARGE-A

Supported Sensors

ICP2 and Charge sensors

Sensor type selection

Push button or software

Input Ranges
ICP2 input

Charge input

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

Gain Accuracy

1%F.S.

Input range finetuning

Programmable

Range selection

Push button (fixed) or software (all)

Integration

Single (velocity), double (displacement)

LED indicators
Range and filter
ICP LED

OVL LED

A, Vand D LED

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

Indicator for acceleration velocity and displacement output

Constant current source

3.810 5.6 mA, >26 V

Filters (highpass)

0.1 Hz, 1 Hz, 10 Hz (+ 2dB @ f0

Filters (lowpass)

100 Hz, 1, 3, 10, 50 kHz (+2dB @ f0

Filter selection

Push button or software

Filter characteristics

Butterworth 80dB / decade (24dB/octave)

Bandwidth, -3dB

0.1 Hz to 50 kHz (+2dB@ f0

Typ. SNR @ max bandwidth
Gain 0.1 and. 1

Gain 10

Gain 100

Gain 1000

Gain 1000

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

Output voltage

+5V (+ V peak voltage )

Qutput noise

<.8 mV (all ranges with 50 kHz filter)

RS-485 interface

Yes

Power supply voltage

+9'VDC (+10 %)

Power consumption

0.6 W.to 1.2 W (depending on sensor)

6.1.7.6 Crank Angle Encoder

1 |
¥ = G
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Crank Angle Encoder \uginsniduiudnyudeivieaadirsesaus e

3

A998V DEWE-Book NI1UTNY NI LA0ENTB9LATANUALATAINITITOLLATASLUA LAt
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Crank Angle Encoder 7114 1iluivia Kistler 314 2613B HanmirAg 4-22 Tnauang

F8AZIREA I AIANT199 6-11

7171 6-22 Crank Angle Encoder %@ Kistler 31 2613B

%

;113199 6-11 dayan19mAtiavad Crank Angle Encoder £t Kistler $14 2613B

NANNIININY WUl Infrared Transmissive Lightgate

Crank Angle Encoder Disc WULUH 360 Angle Marks, WEanui 1 Trigger Mark
Dynamic Angle Shift < +0.02 mm%’@mﬁ'm ﬁ 10.0.rpm

FIIAINNLTT 1-20000 rpm

AnnAuaziNaunaniuligegn | 150 g

grunHuIndaNgeN s -30°C 119 +60°C

PITHIAER VN UTIA LAY < 4 Watt 711000 rpm

6.1.8 aunsaldusuldlumsyin Visualization
I d‘ ¥ a o 1 d. % 6
??/Uﬂﬂq?ﬂ']ﬂﬂqwmlﬂjLﬂum’ﬂ\?ll?'iﬂ'w AVL-List GmbH Gﬁﬂﬂ?:’,ﬂﬂumﬂfqﬂﬂimm\?"]
161 ndad CCD WiaxN lens25 mm waz 50 mm WAz quick connector @50 lens 50 mm

wazsaEiAnaada (camera holder), endoscope @1u5UNaEN UL, window &1UFUHLEN
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11/1331’, strobe gun, light unit, crank angle encoder, 72ULUNIAIAINTA, PC Lar AVL

VisioScope software

6.1.8.1 Cooling Water Tank

dudedmiuinuasssuigaandanaaqtinuaafiuaeqiAsadeus AuAN

¥
o

grunnlag thermostat MFNANGAUNIN1N1UN 85 °C palanslugih 6-24

31/7 6-24 Cooling Water Tank
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6.1.8.2 launlndimas

TaunTuiime il dustianszuauyuan (Eddy Current) ilsimesuiiuniy
dl 4 1 o dl dl o o a o & a = o
g9a AVL §1 Alpha 40 Aeiuanaluglin 6-25 Aaegagn 40 Nladms uselingegm 75 -
wrs A uuduglunfsdauselin £0.2% e ANang §n3L39g94a 17,000 0164

a 1 o o o [~ aa = 1 = 1 o
wn - Auudug lunsdndRsdlLLRIRaaAe 1 Tausaun e 1 Aalat

717 6-25 ipzaseusuLuiAaausianUlaun ludine s

WANN13R B la L INHPeFILLNI LAY BIUNAS NITLARNIIGINATN
azaiaududwantulufiuaInbe INalsnasigg AN INIBILLLLaIAUNNLHIANAL
o/ dl o ‘ij a 1 a‘d‘ % -8
wlsduuaznszianyuauazgniniiaatin I uRoreaiasaiainesnaeusaulsines 14
AUNNLNINANIBINITIAVHIUAZ AT TINALAUINNTEFULnA9Y uarHKaNITuaglsRas

HANTIMUneHazilslunsaiun s uAnIYE
nnadntaNtnazdnlagld strain gatge load cell AadnAANLITALLILIAARAA

gnidinadnannaiialunasugy NAsteuATeaiMAAaLAZgN AT MoMANN AT LAY

al

AMLssay TnanndsanniasasausmaaauazgnilasuliiflundsanuasiuFeunazgn

o %’ 1 < A 1 1 -8
m@@ﬂiﬂimmmmﬂmﬂm NIUUNWALRLADT
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ﬂ_jﬁ 6- 26 ”me‘iuummmlﬂumiwm@@u

6.1.8. 3 .l;h?mmumu'lﬂm‘l?m‘im'a%

¥
=

memumﬂmmiummm (Dynamometer Controlled  Unit) #%@ad1
Bremsen-Monitoring-Einheit (BME) anm‘lmﬂmu BME 300 uanlag 1399 AVL-List GmbH

[50] gﬂ‘m 6-27 lunannnguans BME wgm_ls'yﬂ@u"l,u case 19" (rack-mount)

7171 6-27 wrzaspauAn A uines
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LC-DisPLaY

AVULULAAY 4
v

YAAINN

|

L] ﬂvﬂlm:

Knobs 4 inéremental transc F WaALANLNYANIERRE R UGY

LLﬂ?LL@J&’]M?UﬁNﬂTV][FI@Qﬂ gﬁ " q,‘,.r

L S
A ]

irijm CCD# ) OLOR %x‘i?l“iensor Wunuu@aun

V5 AANATIBER (resolution) 640X480 AN g fgeqalFlaiiu 50 °C g1t 6-20

AUY TWE]‘VT?W g1nNq
awwmmmumqmmaﬂ
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g'ﬂﬁ 6-29 CCD camera waztaud [50]

6.1.8.5 Endoscope Ltaz Combustion chamber window
Endoscope AMALFauma s dusianldanidvaaifiu  dalun1magey
1lAa Endoscope 1118 M10 IRELNIWAREINaI 4 mm, yuidlavlans 80 uazyuues 30°

doyan1amatinras M10 Endoscope wandlidlunisen 6-12

F11379% 6-12 dayantemalin1ed Endoscope a1n M10/[50]

Three different viewing angle: 0° straight ahead

30° forward view

(¢}

70~ angled view

Visual field: 80° (wide-angle)

Length of shaft (working length): 330 mm

Tube diameter: 4 mm

Cooling medium: clean compressed air (~6.bar)

Qperating temperature uncooled: | 150 °C max.

Combustion Chamber Window _#inaanufiaAqasadnnuguuniuazaniy
P 1s2ne1fae Sleeve WANIWFAEAKIBITU Window LAZVADALAIANA AT A8

A = N ' ] A gy v o P
NIaNNAaN  d Windows gﬂ?’]\im\ij LW@SL‘WLTWﬂUHNN@QVIM@qﬂM@qﬂmﬂQ Endoscopes

Tunnsnagauilaz1d Combustion Chamber Window Mdynuas 30° aliaanadasiy
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4UNBIM93 Endoscope 4 9117 6-30 @AY endoscope A M10 wazgAn93 Combustion

Chambers Window 7l lin1snmgaad

Cold light source

Halogen lamp 150W/15V
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Lighting Set Usznaumng light guide Faiflu Obtical fibre uAz lighting
head Bavinannuiamlasdsiadniu fiore optic cable  wazgndusiae lock nut

1
=

installation sleeve 71eguludgiAeniU combustion chamber window Tt lighting head 7

wanldlunimaseuiiiyuuas 02 auilugunwiunmanlsedladnian

i v
717 6-32 ANuntNNITRARGY Sleeve AnFudnaninnsn g

6.1.8.7 Strobe Flash Gun
Strobe Flash Gun azgnsiaidiniy STROBE-GUN (X1) socket 284 Light

2

Unit (Maznanadinll) 1Hmenyungnsiasaasdayainn Trigger 4 TDC Taaldsaniu “TDC

a

shift”

6.1.8.8 Crank Angle Encoder
Crank Angle Encoder 7l iilugtlnsnlingndunldlunsmaseudnmanusu

Tusiagin gl

6.1.8.9 tATasanannNA (Air Compressor) WazdsULINgGaAsa A (Filter
Unit)
d e v i Yo N 4 e
LATANEABINIALARIAIIUN 6-33 TdaAanIAd I uTUAER N AL NAD LY

wh1 Endoscope Tnaiisnaasidensamnisned 6-14



9171 6-33 wAgRIaABNNIA

P3N 6-14 TAYANINATATBILATAISARNIA

ke H'A'FELE Hi-COM 50

TU: Supertiger 245

AAY:; 2.00 HP (1.50 kW)

m’mﬁlz 50 Hz

Tas/a: 230/1

uanil: 9.00

a1n1A luada: 245.00 litre/min (8.65 CFM)
anAAlaRan: 135.00 litre/min (4.77 CFM)
AN 8.0 U1$ (116 PSI)
UTum9EN: 50 litre

ANNLTITL: 2850 rev/min

JEALILAEN: 79 dB-A

116

Endoscope a4 liszuiingasainiAmsnzuuaziinduluainiAdngiuiem

¥in Wi annga canaevdaantl snav sando Mandd1uniia 0 e Lads ser unanaes
stlnn uazenan ligagLngnd Endoscope  Fuuaslailiagna@mias 31n 6-34 uangsruy

nsasana Tnaldaniailawdnndsaaininduuazduidng Endoscope taviaalfiu
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e Y. F == -

To Endostope

Compressed air
at

& bar absolulbe

317 6-34 sz1uNIRIAINA [50]

[ [ dl % ] 7 al [ o |tzll '
mwmummﬁ@mmﬂ@unmjﬁ‘wmmmmmummmu@gmﬂ@zmm 6 U7

o c

Auysnl uazgrunglaesaimadaseslsinn 20 °C taadnminainiAdagnilaunanuau

au

1 =l ad‘ 1 tilJ ] % o % a dl ] v a
AINdvTeguugingIngnazsin ligaginenl Endoscope Fauiinlil Feanainldinnaay

a

o-

¥
o &

Aarsunginnd wanaINUENENA215UALIANAR NG TILAAIAIAIINAUALELNATA

. adr.. ! I L L\ 4
AINAUNTINeL N Filter Unit Witedaelunsdiusspinu amunileuidngsyuy

6.1.8.10 Personal Computer lbag VisioScope Software

=

U a «zll Y o n;lj = o
1Y ANNNAWALBY Personal  Computer nldiusruuiiseaziaansa

waAal1um13719% 6-15

A13197 6-15 %’@H@W}\‘imﬂﬁmm Personal Computer

CPU: Intel Pentium Il Processor
Operating system: Microsoft Windows NT 4.0 / 2000
Hard disk: IDE hard disk

Power'supply: 115V /230 V switchable

AVL VisioScope software  tulilsunsunwmunaulaaudsn AVL-List
GmbH  lddauiuifsdn BusuaeIn1staen N, AILANNAITUANNISHILA WIANITLARS
=< ! dl 1 ¥ 1
A saNennstssitanantwanefdalnenaes CCD ot ugluuusnge
AVL VisioScope software 7lilu Version 1.1 TV uazldsaniullsunsy

Thermovision Bl lun stseuaananindiaaanun luglaasgunginlad lwsima (diesel
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flame temperature) UWAYAIMNNUILUUAAILALT (SO0t concentration) AOEWANNITYDS two-

color method

[ — ¥ _F = I AL UE WE WS W |

717 6-35 Tisunsu VisioScope Software [50]
6.1.9 unuRIlagsInraainsalsing ) luvawaday

6.1.9.1 WHWHINITARTLULNITANLNIN

S —==1af
| CCD Camera

P& - Light Unit connecting cable

(Trigger interface cable)
Monitor cabls
| B0 W
|| 1
1L
LERINE, 1
q_‘l| | | camera cable
- Bl |
|
0L ML
= ] e E
- (=l
A S
Angle Encoder

9117 6-36 WHUEINT9FIRsELUNTTNENIW [50]
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6.1.9.2 uNURINITaRINaLnsal

BLOWER EXHAUST OUT

EXHAUST PRESSURE ’z‘

I‘. | | .
EXHAUST TEMP. (o) \\\
-“'..‘ . . , Y \

A

EDDY CURRENT Cﬁ%gf
DYNAMOMETER Tahii
i
I LIGHT
UNIT @
| A
| WATER
| TEMP.
I
I
I
Y
DYNAMOMETER SHARP
CONTROLLED AIR TANK EDGE
UNIT ORIFICE
MANOMETER

AUt IneningIng
ARIAN TN INYAE
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6.2 A8ANUUNSIAY
621 MIABNANNAUENINTIAANIANNZAN
4 ~ = e a oY ey s o
833N DME HpniantiAaesnisdnsiagendnaiga ssluieldiaauinsgiuiun
ANUTENENARazTumamasliaiunsaaisansueTuzANAuandNiaan e g

= o a

¥ dl o (3 o A o

FiasinisanutasiaanaadAuanlniaanas Tagnisantunalausasalsanne luinan
= o = o a0 oy o & o a o
mmnmaﬂ?‘uLﬂ@ﬂummmLmemmﬂ?amﬂumammﬂﬂmmm’mmuﬂﬂmemm

uana11m1379% 6-16

AN91997 6-16 2WIRNURILMALIANEL TN e luiRaiuA AINA LN LTI AA

ANV LUl Tan1e s (mm.) AYANANENTNITIAA (bar)
1.3 (OEM) 140
0.4 70
0.6 90
0.7 100
0.8 110
0.9 120

ANTUIINIINARBLINENIAIERIINITUE INATBWAIILA: LN H a1 daTasAINIg
1 = Ao e A 2 o = A D
AnTeNaIN TN lNIANAGELIAEAI LN WAA iiefa1TuIaRNTnanNa N0 1inNg
) v o %:/ o A A o a é’ = ol dl dl 1 1 o [~1
rnulndipssAninduRmawaziengINIUE lNAIANAIFIN N4ATINLAN AAYINALINLTY
#an 100 bar FANHUIMNNZANTNGA UAIRINUUATTIINTNILINTAZNEANLATOIRIUFAINNID

) 1 = -ﬂzj a dll o dl 1
VI’]VLmuLLGl@Z‘ﬂ\iﬂ’m’]ﬁ"ﬂﬂm@LW@\iLW@ﬂﬁ‘?&ﬂ@Uﬂﬁﬁ‘ﬂﬁuQm%’]fﬂﬂ‘V]@@‘ﬂ‘U‘V]L‘VIN’]ZZ’&N I@EI"]J@N‘M@

N1ANAFBUTNAYINALENTNTRABURTLARILUN IPH AN

6.22 n15USUAIRIAINITRALTDLNGS

ToenlnFgdaninn 19launes AN NN AR TR N AR NAMUZHNG AL T ENAAAn 72910
Tnen1sinuToandusndauilaimawas Aelanslugiin 6-38 T9sauinaasiinuidu
¥ oaa X e o do . ¥ “a o o
damaailugnnasiniusinsugnguaaidunielusaGauily (Plunger) Tnagnnasaziilu
qadudanuinagniiias (Camshaft) T9A¥AILANAINIZUTABIAINITRAUITULTALNAS

IEGEN (chumimmmm@m'ﬁfauﬁmmﬂmimummmeﬁfamﬁm) satiumnnn s 3au
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o

o 20, o rill a s [ tg ° A -dl A o % o
ﬂuu’mummwmaq‘mﬂu Camshaft u1n1u (mvl,éﬂlmﬂ@mmmmmmummL?@uﬁuu’mu

dal a [~3 o % [ o a” b7~ 4” ul/ A ] £ % al % o d’j a
LI LNAN) fiaznlif Camshaft mumz@gnnmimmmu HuAa 711 1He9AIN192AUNNULTA NG

) o X a4 o \ A a a X A Iy A ' ° |
AWNWAUININAUUNTDANLNAUINITRALTR LN AN AU UNBDIANNANYRLUALINDAUALLUUS TDC 1N
di( . o Y o A o %’ o “1/ a ! o v
U (Advancmg) LL@xﬁf]ﬂmf]‘IﬁmqL?@uﬁNuWNuL‘ﬁ'ﬂLW@\?ﬂﬂﬂﬁf]\T@@ﬂ@qﬂ Camshaft (‘1/1’11@

3 L% 1

1 1 2 v U
Tnaina uo UL T NN sagEautla Nl wmatwas) acvinliszaziingsendnagnnasaes

4
] = L

Tududewasiu Camshaft unau dsnalignitendudagnnasilundumeimnaedias
ul/ A ) % = %)I o n;ll a 1 v A o ] a a d? dl v ai
HuAa N 1HeIAIN1TRATNTUITAWAIA 1T 11 TAR L UINNTRAAATUNAIANAN TR LTI
Inaruswmds TDC 1nnau(Retarding)

o ZJ/ tdl 1 a dy a by £ = e W9y 1 o 1 ad‘ i’/

AN AL UAID AN TR I TRLNAS LT AN MIENMFa AN A LT LN AN SN
AaNgNan (Original Engine Manufacturing, OEM. Setting) avaanvinlélaanisanvisa i
. -l A X A W O . -
AUIULAUT NN 7097 UTI NN @ INAY RINAIAL TSN MUILN LA NNT0 U5 UR9AINNT2A

YT nas lddseunns 1.2 agA1wandamwne

Dissel Fusl
b Adjust Taver

To Injector

717 6-38 evAdszneueailutiiumenauazAILAnA TN sasTauTuringy

\TALNAS [48]

dj dl al dy a dl a v Y oAa ) 90,/ ) £% >

TIN19LLALUDIAINIIRALTNAIANNNLTEN AR LU TIUAZYIN Ia e gAnn91Tx
dal a dl o 9;/ a o agll ] o dl =l dgj a o 1
dewandasull ssiuluaifddatiazinnislsunlasuesdinnsdsidenainea n1 U Fulsg
ndl d’l dl o dl o d” o o o 1 b2 o 7
mnwangnidien TInsgnnlasnasntinnangniisadassa NS ANNIRRwINAa sz neunau L
Tl FeGiannagnideafalanaz i TBLATadN AL NINIINAdLaAauTRdg NI T RN
wininagnnasiiumamaseantly (nasaindau 1 lddedau 2)  Teanasliddueinu

I v v !
Auenaewiniudou A e limdewsiineaununans ndsanniumangnidenfnasdazi
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o 1 d’, dl o £ dl : d”w é’ a o v Y 1
nsfinteanzdougnilienivinuinninagnnanilumenas uazianisan g laaidunny
Augnaainiudau A udaastinaasdoutlunisznauiu Tnaviinisialildasainisan
‘i/ a ¥ o dl o 2/%’/ a’l R a o o A:ll
\TRLNAIANFBINTUAZTINNTaNe SN auliiIaesTuuEnfniu Aeuanslugiln 6-39

L ’ﬂf A ﬁﬁiﬁlﬁ‘ﬂﬂ’ﬁ‘ﬂﬁ\lm’ﬂLWZ\]\‘IENN@’]LVHL@N G]N
| N’]ﬂﬂ'J’] Iﬁﬁﬂ’]?Lﬂ@ﬁlu’ﬂﬂﬂ'\ﬂﬂﬁ‘ﬂﬁ

o i’/ o v dl
AetidazN RNl asuasAINS

unisasuasAInizRnL

2 ’ﬂ\?ﬁ’]L‘W ’ﬂ\‘iﬂ’m’]ﬁ"ﬂﬂL“ﬁ’ﬂLW@\WWlﬂﬂ@‘Ll

o o o ._-“‘:_7‘:'
L%@Lwaqﬁu%mmﬂ@m
9 .
uaznsUFuIRNe AN TR NAIANUN IEE ﬂfmi :mrummgnLumuu%mmm
; .

[5]’1?’1\‘]‘1’]617 ‘ > . “‘

" dnawth a%9nin 8 @?'}me%’@ WiREl (-28 CA, 28BTDC) ADV8
I |
A
AN AU 2 BIANNAITBWAEN (-22 CA, 22BTDC) ADV2

NIMTFIU N1MIFIU(-20 CA, 20BTDC) STD
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=3

NN m@mmmummmmmmmmemmgm (STD) Tuns vunene nng

'
a % =

naaaLLATatuAlA I INANgNITEINAAFINIANENAR WATINUINqAETNAUNIIRA

q

v
Y a

v ] v 1
IRNANTIZIAINIIAAEIRINAININTFIUIEY DME  uanseainalanideminanszy i

al 9

iz AuanTRee T VAR NEINW Al dydnunl STD 7ld Asunnefeessn

'
a %

¥ ¥ 3 ! £
N13AATRINAINIATFIUIBITANEITLY TaludaduiazalinenaliqnuAunisan

TANAILANANAU
6.2.3 NISNARBUANITAUS

6.2.3.1 NITANHIANENAAIBIAINITAALTANWRIFDANTTOAUNANE
NFEgegn

T WA URAZNINITNARBUANITDLENANL N9 494ATBIBIAINTRA
dgj a nall v o 1 d” dl o =S a a = dgl a
EaInaan lFann sl iuusgnan gt e 11N AN IV ENALIBIAINIIRALTALNGY
DME A61197) tnefiansadnantlsz Aananannn s AEuwaAS W@ e Inas n1anagaunsziii
AN1TANEN NANITNI8EgIRA (Full Load) NARNHISITaL AW AR TnaEnanyFudus
TiazasauduyuwdanlagluinisglunawisnAuisatagn aniuEnldnisy iy

4 . . 4 p 4 4 aae

LATRIEUALANTUTL NG ALANAN FRUTBILATENBUFA ZAR A FD L AINNTEAN L
LATDIRIUE AUAINITITDLTDILATOIUURAAGINAN 1400 rpm 90 lAsastusag luaninzag

- = el = Y R A o Ry o
9 ‘V]r‘?‘muﬂ@@ﬂqqzéﬁféﬁﬂﬂ@\?Lﬂ?'ﬂ\?ﬂumWﬂrJqNL?Q 1400 rpm LL@"J@\?L?NUUV]ﬂT@Nﬂ@@’]ﬂﬂ"I?"J@

' 1
=

519 71 deyainaniadn liun AvINIEIIaLLRALATENEN, QMU HLNUA LY, §UN)H

Ndunaedy, gougilelds, gruundlen, anmgiednad,  ANAULIIEINIA, A6

©

v 2
o a

A1 AN TUED N ANTANNNTL AN LLATENEINAR LA ITI 7D UTDILATAILUFA AN
nall t% dl 8 1 o v K o K 1 o 1 a o ai
#1200 rpm 70 1IATRIEUARE IUANITEAIFILAVRITUNNAT  UWATNITATULALATUN
ADINKED 1000 _rpm’ = 9anyianng 3 annaaall Az lipa ndniusssudteugsdniueniy
ADNNFIIBLNANIITNNIZE94R (Full” Load) ) N1A2031593811 1000 rpm, 1200_rpm, 1400

rom
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6.2.3.2 NSANBINATDINITANDATIRIUNIRIDA

TunnsAneivaannisguidaiiiatunislunssuanguiuaniuazsiaein

a

N139LATIEsiNANg U H luNITLaNgLUAINNIT Motoring lutdaedanaznisdniieninisan

Q a

1
o a P2

dnsndaunidednndansliaiguingiluiesing udludosdanznisdngandnn Auto
ignition temperature 199DME WUAEBANI NGRS AINEIUSNEIAANN 21:1 auNT]
1611 guvgiinralunssuengulutoeiindznsen seaneiAnisGuduesAn1sin
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7.1.1.4 ansunilawe (Exhaust Temperature, °C)
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Full Load Curve Torque
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7.1.2.2 angn1sauLllansdainas’aniwiziusn (Brake Specific Fuel

Consumption, bsfc)
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Full Load Energy Conversion Efficiency

Energy Conversion Efficiency (%
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7.1.2.4 anunilawe (Exhaust Temperature, °C)
P PR A ol = ' A gy
‘ﬂqmwﬂmﬁ\liﬂL@ﬂ%@ﬂ’)%ﬂ%‘:@ﬂ’eﬁmmmmemﬂuﬁmﬁfs’mlﬁ'}?@umwj Lllﬂﬁlsﬂ
S I R I Y o
LW@’]QﬂLUHQWﬂ?ULLMQLW@LWN@M’]M@@@L%@memﬂﬁu’]ﬂ’]m\‘l"] ﬂQLL@m\TVLﬂugﬂW 7-8

Full Load Exhaust Temperature
300

270 A

240

210 +

Exhaust Temperature (°C)

180 T T
900 1000 1100 1200 1300 1400 1500
Engine Speed (rpm)

—-0-—STD Re=21 === ADV4 RC=21 —/— ADV6 Rc=21 —0— ADV8 Rc=21
— —A——STD Rc=16.1 —@— ADV4 Rc=16.1 —=s—ADV6 Rc=16.1 —e—ADV8 Rc=16.1

917 7-8 navlAuANRUSI YU WauUgR B LA NIER I UM AN ENNTEEI4ATRY

ANINAIUNNAIDR 21:1 WAL 16.1:1

a1ngU7 7-8 Wudn grungilaideiasinnsandnadauingsdnann 21:1 ag

dl a al da( = z a [~ dll k24
NN 16.1:1 @zﬁ\lﬁ’]LWNQ\T‘?J‘L&SLMVJH@QPVITH?’Q@LT@LW@QLL@ZsLuV!ﬂﬂQqNLﬁ")'s‘ﬂ‘]_l Ineilaldinan

'
I o

X A e oA e =l o a = o
@ﬂL‘LI?J"J‘V]L]JT]JLLMQLW@LWN’ﬂﬂﬂqﬂq?’ﬂﬂLT@LW@\?@Q\?VU'W ADV8 Nﬂqmqﬂ‘mluﬂﬂﬁquLj‘Q?@Uﬂ@

196.4 °C, 208.6 °C 1A% 224.9 °C NAIINEITAL 1000 rpm, 1200 rpm LAz 1400 rpm

2
=

° o 4 g X A e B B = = D =
AANANAL LazLHe lEINANgNILEaNLFULANNANNESAINITRA TALNAIAU TN ADV4 HAN
gengnluynAaandisanme 241.5°C, 272.3 °C uaz 291.9 °C.AAMNEIAL 1000 rom,
1200 rpm WAy 1400 rom-ATNANAL

4 TI.Y X «
a1n317 7-8 ne g Avnaa 9 g Rl AN N8N 19 2498RTIAINLTY

dl ] = dl k% dy dl o/ 1 dl AI = d’l a 1 £ dl
saUAINFNeT WTEtne e I nagniDe MU S Ius NI A NBS A N19RR TR IR AT

89ANAN7) dnngnagliflumnenei 7-8



145

F1979% 7-8 nfFauifieugungilleld@eNan1nynisegeaniannEasaTs1e 1998nndan

NNAIEA 21:1 LAY 16.1:1

grunyilaide (°C)

Speed | Torque
AR IIRIUNIRIER 21+ 1 ARINAIUNAIEA 16.1:1

rom N-m STD | ADV4 | ADV6 | ADV8 | STD | ADV4 | ADV6 | ADVS

1000 FL 202.5 |-197.6 | 197.1 | 188.2 | 227.7 | 241.5 | 215.8 | 196.4

1200 FL 222.8 |'217.5 | 213.0 | 206.3 | 266.4 | 272.3 | 230.8 | 208.6

1400 FL 243.17| 236.6 | 225.3 | 215.2 | 286.6 | 291.9 | 247.5 | 224.9

RANFAN9INT 7-8 Wud) amuu)ile@anan1ozniscqega Leinnisan

o ! ° o o i - X AR a < JRPY
’ﬂM?W@QUHW@\?@MWJN@’]LWNQQ“IIUIMVJﬂ@\?ﬁ']ﬂ’]?@ﬁL?]@L‘W'Z\NLL@ZIMY]ﬂﬁQ’]NL?’J?@U Taeid i

IS { a

Qa‘/ dl o 1 dl cal = d” a v QI d%/ ¥ al
L‘W@’@ﬂL‘]_Iﬂfwlﬂﬁ“i_lLLENL‘W‘ﬂL‘WN@\‘]ﬂ’m’]ﬁ‘fﬂﬂL‘]]’PJLW@\‘INV’]’W@QQ‘MH’]LWN“EMWZ1®@MMJWN1@L@EI

q a

anadlunnauizasall usinsldiwatgmidennUiunsaie INeIAIN19BALTAWRIAUTN

1
a A

ADV4 azilANuInnanedAInN1saamienaINInggaw e saannusdniusnggaideldinan

v ! 1 1 v 1
gnienNUiuusda e iNeIAINIIRn TEINAIANUSEN  ADV4 T LANAIEINI189AIN920

TRNAINIATFIU

713  WANSNAKAUNENIIZTNITZUNNEIU

ANTI0ULAIATAILUANANIIEN13ZUNE N 1T DME Nafn1aninaaadaden
al dgl a dll 1% d’l dl o 1 dl AI = d” a 1 £%
nnsaetdawaieldinangnideanlsuusane i nasAN138AITaLINASA9UEN ADVA,

ADV6 Lway ADV8 Imﬂ‘v‘hmimmauluﬁmﬂﬁﬁﬁm?%mq:mﬁqﬁm‘a‘m@zmwL%i@‘u

N %q&gmwmmum%ﬁmLLﬂ@qmmﬂngf?n”mm@wmmumummﬂm ESC Test+Cycle (g

1
o A

AANUIN A) FHINNA1INI LA WUNT 6 (e 6.2.3.3)  Ingazudndsnsnn1sduilang
dg/ a o a a d‘ o dg/ a a =l
LIRLNRAIRNLNIZLUTN ﬂﬁ‘ﬁ@i’]ﬁﬂ’}‘v\lﬂq?L‘]JZQEIMW@QQ’WHHJ@LW@\‘]LL@Z@M%QNi@L@E%@\?

LATRNYUAIE I NN INAABLNLARL AN AGDL AT



146

7.1.3.1 ansmeauanadanasdiwiziusn (Brake Specific Fuel

Consumption, bsfc)
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Brake Specific Fuel Consumption @ 1000 rpm
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Brake Specific Fuel Consumption @ 156.5 kPa
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7.1.3.2 szAnEmwnaasunasnudiainag (Energy Conversion
Efficiency, %)
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Energy Conversion Efficiency @ 1000 rpm
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Energy Conversion Efficiency @ 156.5 kPa
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Exhaust Temperature @ 1000 rpm
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