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ABSTRACT

The scope of the thesis was to evaluate revgine technologies to enable ultimate fuel flexi-
bility. It was writtenas partof aWartsila R&D project, whera systenthat enables the use of
Liquid Gases (LGSs) as fuel in the diesel principle enginelevelopedThese fuels are available
as side or waste products of other processes, for example as natural gases conderndates.
focus of this work was to maximise engine power output and aVv@erformance, when using
ultra-low viscosity fuelsvhich have poor quality characteristics as fuel for engines that are cur-
rently available on the market.

To reach thesebjectives three experimental areawere carried out

1. Testing differenfuels in the LG range in a Combustion Research Unit (CRU) to evaluate
their ignitability and combustion respondgesults provide a wide overview about ignit-
ability of different fuels in the low viscosity rangadthe requiredamount of pilot fuel
to enalde the combustion.

2. FRuel injection rig testing to identify the material and geometry validation of fuel injec-
tion components for the LG enginBased on &00-hours endurance test, one of the
three tested materials was selected as candidate materiahjector nozzles.

3. Engine testingwhichwas the major part of the projecthis stagealidated the previous
test stages the simulations done for the injection system and for engine performance.
The outcomeprovided one single set of parameters (hardware and software) for oper-
ation with all LG fuels, basedh desting withLPG, LFO anidjuid volatile organic com-
pound (VOCfuelsand two different injector nozzle setups

The outcome of the tests was an engine able to meet the initial project targets, which consisted
of defining a concept that can run freely with all LG faeldthe definedpower output of the
engine, withoutany changes in hardware (injector nozzle) or software settings (main fuel pres-
sure and pilot settingsdespite a varying chemical composition of the fuel

KEYWORDSEG, liquid gas, LPG, lgfied petroleum gas, low viscosity fuels, diesel engine
engine
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TIIVISTELMA:

Opinnaytetyon tarkoituksena oli arvioidaisia moottoritekniikoita jotka mahdollistavat laajan
polttoainejoustavuuden. Tyd kirjoitettin  osana Wartsilan tutkimug kehityshanketta.
Hankkeessa kehitettiin jarjestelm@, joka mahdollistaa nesteméisten kaasujen (LG) kayton
polttoaineena dieselmoottorsa Nama polttoaineet ovat muiden prosessien sivutai
jatetuotteita, ja niitd syntyy esimerkiksi maakaasujen kasittelyyn liittyvissa proseissa, kuten
uuttamisessa. Tyon paipisteena oliselvittddmoottorin teho ja-suorituskyky, kun kaytetddn
kaupallisesti saatavilla olaa erittdin pienenviskositeetin polttoain&a, jonka ominaisuudet

eivat ole ideaalisiaykymoottoreihin

Naiden tavoitteiden saavuttamiseksi toteutettiin kolme kokeellisthtavaa

1. Tutkittiin erilaisten nestemaisten kaasujen syttymista ja palamista tahekoitukseen
kehitetyssa analysaattorissa (combustion research unit, CRUlokset artivat
yleiskuvan erilaisterpienviskoositeettipolttoaineiden syttyvyydesta ja tarvittavasta
sytytygolttoaineen maarasta palamisen mahtistamiseksi.

2. Polttoaineen ruiskutuskomponenttien materiaaleja ja geometriaa tutkittiin erilisessa
LGmoottorin ruiskutuslaitteiston testipenkissa. Viidensadan tunnin kestavyyskokeen
perusteela yksi kolmesta utkitusta materiaalista valittin ehdokasmateriaaliksi
ruiskutussuuttimin.

3. Projektin paaosassa olivat moottorimittaukset, jotka validoivat edelliset vaiheet seka
ruiskutusjarjestelmaa ja moottorin suorituskykya varten tehdyt simulaatiot. Tuloksena
saatiin parametrijoukko, jota voidaan kayttdd kaikkien-goBtoaineiden kanssa.
Laboratoriomoottorilla ajetuissa mittauksissa kaytettiin nestekaasua seka D
LVOC(liquid volatile organic compoundjpolttoaineita. Lisaksi mittaukset tehtiin
kayttaen kahta eri ruiskutussuutinta.

Tutkimuksentuloksena moottori kykensaavuttamaan alkuperéiset tavoitteet.dssa tydssa
mainittujen mittauksien avulla maariteltiin uusi moottomtkaisy joka voi toimia vapaasti
kaikilla L&Golttoaineilla Moottorilla pystytddnsaavuttanaantavoiteltu teho ilman nuutoksia
moottoriparametreissa ja riippumatta polttoaineen kemiallisesta koostksesta.

AVAINSANAT nestemaiset kaasut, neste&au, LG, pienen viskositeetin polttoaine,
dieselmoottori
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BDC Bottom Dead Centre

BMEP Break Mean Effective Pressure
BTDC Before Top Dead Centre

BSFC BrakeSpecific Fuel Consumption
/ t Crank Angle Degree

CAPEX Capital Expenditure

CvCC Constant Volume Combustion Chamber
CHP Combined Heat and Power

Cl Compressiofignited (Engine)

CN Cetane Number

CNG Compressed Natural Gas

CO Carbon Monoxide

CQ Carbon Dioxide

CRU Combustion Research Unit

DF DuatFuel

DI Direct Injection

EGR Exhaust Gas Recirculation

FEM Finite Element Method

FSN Filter Smoke Number

GD GasDiesel (Engine)

GHG Greenhouse Gases

HC Hydrocarbon

HFO Heavy Fuel QOil

HGL Hydrocarbon Gas Liquids

ICE Internal Combustion Engine
IMO International Maritime Organization
LFO Light Fuel Oil



LG
LGs
LHV
LNG
LPG
LvOC
MEP
MFI
MGV
MN
NO
OPEX
PDSV
PFI
PID
PM
PV
ROHR
SCR
SFC
SG

Sl

SQ
TC
TDC
UNIC
US EPA

VIC

Liquid Gas (Engine)

Liquid Gaseg@~uels)

Lower Heating Value

Liquefied Natural Gas

Liquefied Petroleum Gas

Liguefied Volatile Organic Compound
Mean Effective Pressure

Main Fuel Injection

Main Gas Valve

Methane Number

Nitrogen Oxides

Operating Expenditure

Pressure bp andSafety Valve

Pilot Fuel Injection
ProportionatintegralDerivative (Controller)
Particulate Matter

Pressurevolume (Diagram)

Rateof Heat Release

Selective Catalytic Reduction

Specific Fuel Consumption

Sparkignited Gas (Engine)

Sparkignited (Engine)

Sulphur Oxides

Turbocharger

Top Dead Centre

Unified Control and Monitoring System (Wartsila Engines)
United States Environmental Protection Agency
Variable Inlet Valve Closing
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ltem | Description ltem | Description

1 |Pumphead @ | Gil drain plug

2 Suction chamber 10 Dip stick

3 Suction chamber drain 11 Cooling water in

4 | Plunger cocling 12 |Cooling water out

5 Fushing connection 13 il cooler/Filter combination

6 | Oilfiller cap 14 | Exhaust intermediate chamber

7 | Oil pressure regulator 15 | Terminal box

g Oil prassure sensor 16 E-motor (main drive)

17 | Earthing connection
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Pump head
The coaxial valve arrangement eliminates
alternating stress within the valve block.

Suction chamber

The process fluid enters the pump via the suction
chamber. This totally encloses the high pressure
components in a protective barrier.

Piston seal assembly

The plunger sealing is achieved with high and low
pressure seals. A choice of packing or labyrinth
sealing systems is available.

Power end

The power end is hermetically sealed off from its’
surroundings by a bellows system. The integral
gearbox and vertical construction result in a
compact footprint
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LG & Diesel main side

Calculations are based on Fuel Density: 507 kg/m®* @ 15 °C (Propane)
following LG properties compression | Lower heating value LHV: 42.0 MJ/kg (used
not as minimum, 46.3 MJ/kg for Propane)
considered Viscosity min: 0.1 ¢St @ 20 °C, 10 bar
SFOC in calculations _ 200 g/lkWh @ 100/120% load
Injection volume at nominal 8272 - 8313 |LG, 100% load, 720 RPM
load: 450 kW/cyl mm3/stroke - 0.5-1.0% pilot
Injection volume at nominal 8117 — 8158 | LG, 100% load, 750 RPM
load: 460 kW/cy! | mm3/stroke -0.5-1.0% pilot
450 kWicyl 9926 — 9976 | LG, 120% load, 720 RPM
mm3/stroke -0.5~-1.0% pilot
Calculations based on following |Fuel Density 890 kg/m* @ 15 °C
MDO properties: compression | Lower heating value: 42.7 MJ/kg
not taken into
account -
Injection volume at nominal 4682 MDO, 100% load, 720 RPM
load: 450 kWW/cyl mm3/stroke
Injection volume at nominal 4594 MDQ, 100% load, 750 RPM
load: 460 kW/cyl mm3/stroke -
LG & Diesel main side
Nozzle spray configuration - 10*0.58*160°
Nozzle g100 21700 mli/min
' Nozzle q100 value accuracy +2%
Nozzle flow coefficient 0.87
LG & diesel main side o-rings All LG & Diesel main side o-rings must be
resistant to LG, Diesel, lube oil and mix of
- i I these mediums.
Maximum injection duration 20° CA with LG (simulated at 100%)
16° CA with MDO (simulated at 100%)
LG & diesel main side volume | In injector LG & diesel main side volume should locate as
location close as possible to nozzle. Drillings specified
according to hydraulic simulation.
LG & diesel main side volume | 40-60*100% load injection (~332000 — 499000
size | mm?®) only as a target
Diesel pilot side
Nozzle spray configuration 4*0.27155° (with 2000 bar)
Nozzle g100 1028 ml/min
Nozzle g100 value accuracy +2%
Nozzle flow coefficient 0.87
Nominal injection duration Target ~8° Crank
Maximum injection duration 20° CA (simulated at 5%)
Diesel pilot volume location Before Diesel pilot volume should locate as close as
injector possible to injector. Drillings specified
according to hydraulic simulation.
Diesel pilot volume size 40-6075% load injection quantity (~14000 —
21000 mm?®) only as a target
Nozzle orientation Main nozzle: First spray hole at the opposite
side of the main quill pipe
Pilot nozzle: First spray hole at 45° of the
opposite side of the main quill pipe
Specified also in nozzle body drawing
DAAF081640
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7 FLUID LINES

I 1. MAIN HPINLET (LG) 2000 bar

[ 2. MAIN HP-PIPE ALARM (LG) 0 bar
(Liquid / gas after pipe failure to mix leak separator,
flow / pressure based alarm)

[ 3. MAIN CLEAN LEAKAGE (LG) ~5 bar

(Continuous liquid / gas refurn to LG separator, no alarm)
Il 4. PILOT HP-INLET (LFO) 2000 bar
5 PILOT CLEAN LEAKAGE & HP-PIPE ALARM (LFO) ~4 bar
(Continuous liquid return to LFO mixing tank, pressure based
alarm)
I 6 COOLING OIL 46 bar
(7. LFO+LG MIXED LEAKAGE 0 bar
| 7. LG+OIL MIXED LEAKAGE 0 bar } Continuous liquid / gas flow to mix leak separator, flow / pressure based alarm
| 7. LFO+OIL MIXED LEAKAGE 0 bar

-
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Main HP pipe &
Quill pipe leak

Mixed leak Obar
HP fuel inlet
(LG) 2000bar

Pilot HP fuel inlet
2000bar

Main clean leak
Pilot (LFO) clean leak (LG) Sbar Cooling oil 4-6bar

Pilot quill pipe leak 4bar
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Main clean leak
Main pipe leak

Mixed leak

=T =
3
Y | —

&

W

Pilot pipe leak

Pilot clean leak

Pilot pipe leak
Pilot clean leak
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Combustion Combustion .M'ain.fuel Main fuel in-| Pilot fuel in- | Pilot fuel injec-

chamber injection |. . I .
CRU setup chamber tem- . jection pres-|jection dura-| tion pressure

pressure perature [C] duration sure [bar] [tion [us] [bar]

[bar] [us]

. No injection
Eﬁt“iﬁeli' e 55 550 1500 10001/ 250 ps / 800
< 350 s

Setup 2: Noinjection
Engine low 70 590 1500 1000|/ 250 ps / 800
load 350 ps
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Fuel type CN Idle (1)or Only main fuel injec-| Main fuel ignition delay PEIduration 250 pis PElduration 350 pis Combustion speed Comments
low-load (2) tion
1 OK Good - - Fast
Reference fuel: LFO
2 OK Good - - Fast
26 1 OK Slightly longer than HFO Not needed Not needed Quite fast SllghtIval\:/((;rse thar|
N-pentane - - -
2 OK Slightly longer than HFO Not needed Not needed Quite fast SIlghtIyH\AF/grse thar]
46 1 OK Slightly longer than HFO Not needed Not needed Quite fast SIlghtIyH\AF/((;rse thar]
N-hexane - . .
2 OK Slightly longethan HFO Not needed Not needed Quite fast SllghtIval\:/grse thar|
61 1 OK Good, same as LFO Not needed Not needed Fast Similar to LFO
N-heptane
2 OK Good, same as LFO Not needed Not needed Fast Similar to LFO
1.6 1 No ignition Shorterthan LFO OK Not needed OK Longer injection
Methanol — needed
2 No ignition Shorter than LFO OK Not needed OK compa;egj to LFO
-5.1 1 No ignition Shorter than LFO Not sufficient OK OK 0FasrR 2y
Ethanol energy content.
2 No ignition Shorter than LFO Not sufficient OK OK This makes direct
1 No ignition Shorter than LFO Not sufficient OK OK comparison
Butanol more difficult.
2 No ignition Shorter than LFO Not sufficient OK OK Energy equivalenc
7.2 1 No ignition Shorter than LFO OK Not needed OK test can be done
Propanol FT2NJ I £ O2
2 No ignition Shorter than LFO OK Not needed OK

0dzii | y2f



dofr® {dzYYI NBE 2F GKS Fa@N &bt 2KS&t yRBEa@R iS5y Sy (2f dzbyi§> | SNRASY
CN Idle (1)or Only main fuel | Main fuel ignition delay . L . Pilot fuelinjection | Combustion | Comments
Fuel type low-load ) | injection Pilot fuel injection duration 250 us duration 350 s speed
Quite long(2.5ms longer | Not critical, but helped to reduce ig{ Helped to further | OK More stable combustion with-
1|/0K than HFO without pilot in-| nition delay, but led to multiple pres stabilisecombus- out pilot fuel.
Cyclohexane jection) sure peaks. tion.
2 oK Qw_te longwithout pilot in- Multiple pressure peaks. Multiple pressure | OK
jection peaks.
1| No ignition QK with longer pilot injec- Unstable combustion OK QK V\_nt_h Io_nger Good pan_dndatg with suf_ﬂuentl
tion pilot injection |long pilot injection duration.
Xylene - — -
2| No ignition QK with longer pilot injec- Slightly unstable combustion OK O.K V\.”t.h Io'nger
tion pilot injection
1| No ignition QK with longer pilot injec- Unstable combustion OK QK V\_nt_h Io_nger Good ganQIQatg with suffl(:lentl
tion pilot injection |long pilot injection duration.
Toluene - —— -
2 | No ignition QK with longer pilot injec- Slightly unstable combustion OK O.K V\.”t.h Io_nger
tion pilot injection
70-100 Quite long OK Good candidate with engine cg
1|0K Not needed Not needed ibration to manage long ignitiol
Kerosene delay.
2|0OK Quite long Not needed Not needed OK
10 1] ok Quite bng Multiple pressure peaks Multiple pressure | OK Similarbehaviour as cyclohex-
peaks. ane.
Isopentane - -
2l oK Quite long Multiple pressure peaks Multiple pressure | OK
peaks.
1| Late ignition Improved with pilot injec- Two pressure peaks ) OK I?llot injection decreased igni-
tion tion delay, but pressure peaks
. remained.
Naphtha Improved with pilot injec- OK Pilot injection decreased igni-
2 | Late ignition tion Multiple pressure peaks - tion delay, but pressure peaks
remained
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Exhaust
wastegate

Turbine

Compressor

Air by-pass
valve

Silencer

Main fuel common rail

cooler

1. Ambient air

2. Air before compressor

; . R Pilot fuel common rail
Charge air
& 10.
5. Exhaust gases after cylinders 9. Main fuel common rail
6. Exhaust gases before turbine 10. Pilot fuel pump
7. Exhaust gases after turbine 11. Pilot fuel common rail

3. Air after compressor

4, Air in receiver

8. Main fuel pump
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HPP Fuel leak Mixed leak High-pressure pipe
separator separator leak separator

ON ENGINE BASEFRAME

t

Leak fuel drain: liquid collected

Sludge unit from the bottom

Mixed leak: fuel HP pipe leak: main and
mixed with LO pilot fuel

Fuel discharge from CR

Clean leak scale

tank: return to Clean leak

main fuel tank

HPP air suction side vent

HPP plunger cooling

HPP intermediate chamber vent

.

High-pressure main common rail | | High-pressure pilot commeon rail

Double-wall pipe
Double-

wall pipe

Main fuel high-pressure pump:

Up to 2000 bar fuel pressure Pilot fuel high -pressure
pump: up to 2000 bar

Pilot fuel filter

Safety filter
Pilot fuel from
engine auxiliary
module

Main fuel from
engine auxiliary
module

Liquid fuel feeder booster unit with filter

Pilot fuel scale tank

Main fuel
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ON ENGINE BASEFRAME

|

1
Leak fuel drain LGs: gasl(ollected from the top |

HPP Fuel leak Mixed leak High-pressure pipe
separator separator leak separator
{0 bumer Mixed leak: fuel HP pipe leak: main and
mixed with LO pilot fuel

F'y

Fuel discharge from CR

Clean leak
]
M |

High-pressure main common rail | | High-pressure pilot commeon rail |

! Mot in use in LG'mode
Double-wall pipe

HPP intermediate chamber vent

Main fuel high-pressure pump: N )
Up to 2000 bar fuel pressure Pilot fuel high -pressure !
pump: up to 2000 bar

I HPP air suction side vent

HPP plunger cooling

\ Pilot fuel filter \

Safety filter Pilot fuel from

engine auxiliary

SAFE PLACE | odule
Cooling and ! it
T ! pressure lift pump | Liquid fuel feeder
| ! booster unit with
GAS VENT ! i filter
SAFETY VALVE '

Liquid fuel supply line |
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High-pressure skid with
fuel pumps

Pipes for collection of leaks during engine operation
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Engine MFI MFI Pilotinj  Pilotinj Pilotinj
. ) Load BMEP . . .
Test series Test point  Fuel speed timing pressure timing pressure duration
% kW kWicyl bar rpm °CA bar °CA bar > 3
Standard settings 1 9 1500 11 1000 1000
2 9 1300 11 1000 1000
MEI pressure swing 3 9 1400 11 1000 1000
4 9 1600 11 1000 1000
5 9 1700 11 1000 1000
6 LPG 100 2880 480 24.9 720 10 1500 10 1000 1000
MFI timing swing 7 8 1500 10 1000 1000
8 7 1500 10 1000 1000
PFI timing swing 9 9 1500 12 1000 1000
10 9 1500 10 1000 1000
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1900.0 +

1700.0 4

1500.0 +

1300.0 +

Fuel Oil Press Rail DE [bar]

LPG 720rpm 3rd gen. inj. 0.52mm...
1100.0 +

900.0 - - - : - -
80.0 85.0 90.0 95.0 100.0 105.0 110.0 1150 1200
Engine Power % [%]
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500.0 1
400.0 -

300.0 1

2000 - LPG 720rpm 3rd gen. inj. 0.52mm...

100.0 -

NOx At 15% W Corr To ISO 3046 [vol-ppm, dry]

0.0

80.0 85.0 90.0 95.0 100.0 105.0 110.0 115.0 1200
Engine Power % [%]
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I ~ 0.4% unit efficiency

T LPG 720rpm 3rd gen. inj. 0.52mm..

80.0 85.0 90.0 95.0 100.0 105.0 110.0 115.0 120.0
Engine Power % [%]
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Heat Release 5% Mean [*CA]

LPG 720rpm 3rd gen. inj. 0.52mm...
02+

0.0

80.0 85.0 90.0 95.0 1000 1050 1100 1150 1200
Engine Power % [%)
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Heat Release 90% Mean [*CA]

LPG 720rpm 3rd gen. inj. 0.52mm...

80.0 85.0 90.0 95.0 1000 1050 1100 1150 1200
Engine Power % [%]
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7.0 1

Fuel Oil Inj Timing [deg]

5.0 1

—«—LPG 720rpm 3rd gen. inj. 0.52mm.._
3.0

1.0 t t t t t ¢ t
80.0 85.0 90.0 95.0 100.0 105.0 110.0 115.0 120.0
Engine Power % [%]
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620.0

600.0 -

580.0 -

560.0 |

540.0 -

——LPG 720rpm 3rd gen. inj. 0.52mm...

520.0 {

NOx At 15% W Corr To ISO 3046 [vol-ppm, dry]

500.0 t t + t t t t
80.0 85.0 90.0 95.0 100.0 105.0 110.0 115.0 120.0
Engine Power % [%]
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800 B5.0 0.0 25.0 100.0 105.0 1100 1150 12000
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Heat Release 90% Mean [°CA]
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——LPG 720rpm 3rd gen. inj. 0.52mm...

80.0 85.0 90.0 95.0 100.0 105.0 110.0 115.0 120.0
Engine Power % [%]

CAInzaNBI S+ G NBESIas dvigh yRIINA Y3 (KS acClL

CNRBY GKS 3INY LKA 020Ss | tAYSIMRYAANMNB A0 M A
DA adk 0E25NJ S| OK ONI y 1 ¢}k I¥\At Sy DIREM BIONSPREA YOFKISNBe ¢
bl YR Iy AYLINROGSYSYy(d Ay Sy3arayS STFFAOASyOeo
O2yaraiasSyid ¢A0GK FRGFIYOSR acCL A YSHTFR GAYSR GaLlL
dzy A0 LISNJ MRS RGYYOSRK S | ANT LAKCHA YRS hag A WiR aph &
AAYAD WK POKAzHES 0 SFFdeD3 SYOe IFAY Aa Ay GKS O
F NBlF & ! ff 2 &HAMMRNDENG SYTSTHASOBESYy Oé AYONBI aSx> | a
DEZ0 FNBE NBAaLISOGAGSte SIENIASNI FYyR &K2 NI SN®

tAf20 AyeSOGAzy GAYAy3

tAf20A2y280YAYy3d RSTAYSEKARKS LESHENIDESHTIA Q2 Yi & R
G2 WRYBNFEOENBEI NBRMIOS] 2F YLATa FLUANR?2 (O 8 0f SH@i A 2
NBilFINRSR o022 Of2aS (2 GKS ¢5/ 03X O2WodzadAzy
¢5J7 SRABPENI GSa 26 STFAOASYyOe 0eofSad hy (K!
622 SIENIe O2YLINBR (2 ¢5/ 03 FdSt>ReEAYROG 7T
dzadzl t & fSFR&a G2 | LGS O2YodzaiAazy O0&dfSo
Ly GKA& GSadisSs GLuAgt AiA 20/A Yo yit Iy iaBE NOSke S S NS
¢C5LY GKAA GAYAY3I 4AYR2 aFdzSi K Sy AESYHENSNI AlydzNIBK S
OKLl Y6 SNJ AgaK SINBST 12 (if S5 2 PHEInddE 2 § KIFARYAY I AYSIEN
STFRWISYAaaAYRE ObNEOSF A& 6 BT A OYVERYIGHMS:FD A I dzNB



YAY 2N A Y IAINREICNSSS/ (Y S acdBNE8R L2 AY 6 & f

NI y3IS ol f

GKS YSIAdNBYSZHN G&ES HMyY @2 A ING af 5f dzNBAYY 20Nk SOK |

Sy3aiys

NEfAIFOAT AGRKBIRASTIS GhF

CA IumMBt A

CAIUaNBb hSYAAAA2YELRANNKF I

LISNF2NXIF yOS RSTAYS

AN AL

i KI G

SERSSNEY B /!

-
o
=

=
B
=

-
W
=

-
[
=

-
=y
=

100 ¢

Pilot Ol Inj Timing [deg)

9.0 1

50+ PFI timing Swing

7.0

LPG 720mm 3rd gen. inj. 0.52mm nozzle

Engine Power % [%)]
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80.0 85.0 90.0 95.0 100.0 105.0 110.0 115.0 120.0

576.0 4 PFI timing Swing

LPG 720mpm 3rd gen. inj. 0.52mm nozzle

Engine Power % [%)]
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Eingine Efficiency [%]

LPG T20pm 3rd gen. ing. 0.52mm nozde
PFI iming Swng

800 850 500 95.0 100.0 105.0 110.0 115.0 12000
Engires Power % [%]
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Heat Release 5% Mean [*CA]
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LPG 720mm 3rd gen. inj. 0.52mm nozzle
PF| timing Swing
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0.8 1
80.0 850 900 950 100.0 105.0 110.0 1150 1200
Engine Power % [%]
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