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Units Engine
Emission Status - Euro 6
Displacement cm? 390
Stroke mm 88.3
Bore diameter mm 75
Compression ratio - o
Valves per cylinder - 4
Maximum peak pressure bar 220
Maximum injection pressure bar 2000
Hydraulic Flow Rate (HFR) cm?/30s 310
Nozzle hole diameter pm 109
Number of spray holes - 8
Spray Cone Angle % 153
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Tvpe 4 cvlinders
Cwlinder capacity 1905 e
Hore x Siroke H2.7 x 93 man
Air charge Twin seroll turbo charger
Compression raliao 10.5: 1
VT intake — 407V amplitede
YWalves /eyl 4
Injection Lo pressure Mult Pomt Injection
helax. engine speed G500 rpan
Poliax . borcgue JONm { RONYSEY 350 Mm (ESS)
hdax. power 150 KW
I le speed TS0 rprim
Bl wongue enp. speed 20000 2500 s 3500 rpm (ESS/RON95)
Max. power eng. spocd 5500 m
ESEl S 1
Valve timing diagram : non scavenging valve
£ £
£l 3|
- 0
2l
CA (% - inlet TDC at 0%)

Walve timing diagram : scavenging valve
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Comparizen of various powertrains
with Diesel Gearbox to base (FART GT gearbox)
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Engine type

Scania DC 1102

Compression ratio 18:1
Number of cylinders 06

Firing sequence 1-5-3-6-2-4
Bore 127 mm
Stroke 140 mm
Displacement volume 1773 cm3

Maximum torque

1750 @ 1080-1500 rpm

Maximum power

280 kW @ 1800 rpm

Needle opening pressure

220 bar

[njection system

Unit injector

6-cylinder DI
diesel engine

Dilution

Particle filter

Pressure
]J transducer

SRR T
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HZ IR [
250 -
g | Air filter | FIDF
: 200 1  @DpDGM
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Method Fuels

Properties
DF B100 DB20 DGM
Kinematic viscosity EN 3104 2.56 3.70 277 N/A
@40°C [cSt]
Density @15°C [kg/m3] | EN 3675 842 879 850 045
Boiling point (BP) [°C] | ASTM D86 176-341 | 301-355 | 198-346 | 162 (Final BP)
Sulfur content [mg/kg] [ EN 20846 2.75 1.10 1.96 0.0
Cetane number [-] ASTM D613 493 S2.5 N/A 126
Calorific value [MJ/kg] [ ASTM D4529 42.1 373 41.0 245
CFPP [°C] EN 116 -28.0 -8.0 -22 N/A
Carbon [% w/w)] ASTM D3176 85.9 77.0 84.0 53.73
Hydrogen [% w/w] ASTM D3176 14.1 11.8 13.7 10.45
Oxygen [% wiw] ASTM D3176 0.0 11.3 2.26 35.82
o P4 HRVISE (T
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. Engine GEN. | GEM. 2
. | | :
— hir aspirating ogeraton ___,_---_'_'__: I DISplﬂCleﬂ‘II “I 0.5 0.66
B3 |~ = Mivtwe asirsting operaton _‘__,'_--""FT.-“'_’:H_- e Lol Bore/Siroke [mm] £29/79.5 29/105.8
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Fuel Consumption Improvements
from Engine QOil
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TR u#{ $fs ERIZEE - _;;ﬁfiwwpla@pJﬁrgﬁbai_;[gl[ﬂi [—HE F,
o H k4 cEiE U%ITF st T ISR PUERRRC IR (SRS FTY 4 R ATH T F EN’FI i
FE' e 'E@%ﬂiﬁﬁtﬁ?ﬁm}k’r oo BIR - [ENEES ﬁ?ﬁ gy > g 4['#'JEJJ|5}'¥'5‘
s | ﬁiﬁ FIU > pI oS ] o F | 35 bl B Bl ) ulHifg

R W 1 RS R

17



85%
84%
83%
82%
81%
B0%

E:?g%
g 78%
E 77%
& 76%

S 755
74%
73%
72%
71%
70%

Overall Efficiency at 2400 rpm

—&—0il 3, 103.4 bar
== 0il 3, 155.1 bar

=@=0il 3, 206.8 bar
=f=0il 4, 103.4 bar
=@=0il4, 155.1 bar
—0-0il 4, 206.8 bar
0il 5, 103 4 bar
== 0il5, 155.1 bar
—@- 0il 5, 206.8 bar
=—ge=0il 1, 103.4 bar
- 0il 1, 155.1 bar

45

55 65 75 85
Inlet Temperature, Deg. C

8- 0il 1, 206.8 bar
== 0il 2, 103.4 bar
== 0il 2, 155.1 bar
+§El2, 206.8 bar

ﬁ[a': - 2400RPM. FE&'PE}VT}

18




Overall Efficiency at 1800 rpm
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of a Diesel Engine Operatmg with In-Cylinder Gasoline and Diesel Fuel Blending )
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P AV ™ 1= L3 P GRS 20 5 VP 53T R (LC /M)
T o B - SR R LY PRSI TS CO - HO AP it

Engine Type GM direct injection diesel engine
Number of cylinders 4

Displacement 1.9-liter

Bore x stroke 82.0 x 90.4 mm
Compression ratio 17.5

Piston Geometry Bowl-in-Piston
Number of valves per cylinder 4

Injection System Common Rail
Injector Location Centrally Mounted
Rated Power 110 kW at 4000 rpm
Rated Torque 315 Nm at 2000 rpm

ENDRI s

Conventional | pieserpcer | P4a-uel
Intake Air Flow (kg/hr) 99 81 8935 117.52
EGR (%) 29.4 40.0 0
Diesel Flow (g/s) 1.17 1.19 0.20
Gasoline Flow (g/s) 0 0 0.87
Percent Gasoline (%) 0 ] T4.8
Main Start of Injection (°BTDC) 1.7 4.7 6l
Filot Start of Injection ("BTDC) 275 -
Fuel Rail Pressure (bar) 1026 1227 500
Intake Pressure (bar) 1.20 1.20 1.22
Swirl Duty Cycle (%) 533 333 80.0
Intake Temperature (°C) 93.4 116.2 40.2
Exhaust Temperature (°C) | 4136 4187 248.8

o e
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Conventional Diesel Diesel PCCI Dual-Fuel RCC|

PM Mass 1.37 mg 0.76 mg 1.21 mg
Sampling Time 10 min 30 min 30 min
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Systems )
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Power Loss [kW]
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FUEL DILUTION MAP
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VY& (Effect of Viscosity Index Improvers in Ethanol/ Gasoline/Water Emulsions
Formed with E25 and E85 in Passenger Car Motor Oils )

TP E2S FTERS » (N PR ETES BT B o KR B R (R
Ve EERL > P B ﬁﬁwlw H] E25 FVEBS SRR Y 37 M)y ~ R R

RS T B '/%i‘“ T IRIFERI PR Fr Ry SRR ff o (RS S 5
FIBSIH{E TV By 2% - '] ASTM D7563 ik SIiH 5 =3k - ié?ﬁﬂuﬁl“ “"/“éﬁ’ﬁﬁﬁéﬁiﬁw i
PTG - 77 k] '/ [0 & 24 ][ i o 7 278 7[RI o PriEP" [k

T\,IJJJ RYESITIAT IS | ke ( ‘*Fi/vﬁ/’ﬁ“? IDEREAT ““[“?TEL«‘IFLN oy T‘E' C I ESIER
HFEEE FR R E] o [@yﬁéﬁ ’/Hupﬂ (FTIR) HIUEEFRS 2 & Ippdiyﬁf’? ey
(7 o S CEA S T A ffzﬁl > i dg AL PO YA RS 53 (5 VID) & 4T
[P - gr*iﬁf.ﬁdﬁﬂzﬂa“ LY 27 Ifﬁ’?”r (3 ERS W) M WEW’?& A AR
BB [F] o = g A e = L R B s s AL & K@i@ FRIFIRE - AN G E RS
AR & 5 2 VI

32



1

Qil1  Oil2 Oil 3 |

Control Qil1 Qil 2 il 3

[t %wb@%MWTF&m ﬁ@

(17) LPGfF I”FT | f}’ﬁf?}iﬁémﬁﬁ” {aadng FTJ (¢ ('The Types and Relationship to Copper Strip
Corrosion of Sulfides in LPG)
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Sampling Samiples | Corrosion
Locations Result
Light Ends Plant | Propylene, Liquid Hydrocarbon ete, passed
Light Ends Plamt | Haw Materia ete passed
Light Ends Plant | Liguid Hydrocarbon etc passed
[ TankFarma LPG failed H):\-“mn-u'-l‘nd- Dixwtis} dinitide
I Tank Farm b LPG passed XF_L‘/"'""‘""""‘“ j\
4 [
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Temperature Concentrations
(T)
(%a)
E_\\\_ -10 15 20 25 30 35 20
mﬂ
H.5 0.00 iz 0.09 0.18 0.11 0.09 0.44
CH.SH 0.08 11.5005 11.75 12.97 13.57 12.95 15.80
CH;SCH; 0.02 0.28 0.41 0.42 0.49 0.61 0.76
DMDS 99.91 88.14 87.84 86.50 86.15 86.40 83.09

et A

(18) EHHT Eﬁ{&]l L 8N s i’?ﬁ J (Potential of E85 Direct Injection for Passenger Car
Application )

AV STERL FTARE (ST Pzt [P B8S SR G (7 85% (%)
CEFTISI6TEID V] e g T @iﬁwﬁﬁﬁ:«m' § b sk VAl NSRS R s
FIRREIDT prfe A pife N VRIS« R RGeS SR PR e 50
vt (IR~ RERSURE TR T [FIFAE | NS A AR e R A e o B
I YR )] [pg.gm-fF' PRy ESHES ST A
B PRt o o B T o BR PRV RS DIETE for £ o NI [l RR B R AR
P 53 A R
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Property Unit Gasoline Ethanol ES85

Super Plus
Density keg/m? 730—-780 790 == 7804
Molar mass kg/kmol == 99 46.07 = 52
Lower heating value MI/ kg 42.1¢ 26.7 2987
Stoichiometric air requirement kg /kgne  14.1¢ 9.0 9,94
ST Mim®  3.86¢ 384 3.85¢
(air aspirating)

Evaporation heat kJ/kg 300—500 904 == 800
Vapor pressure mbar 620) 160 = 350
Boiling point/range °C 25-215 785 n/a
Ignition limits (in A) - 04—1.4 0.3—-2.1 n/fa
Laminar flame speed cm/s = 40 =42 n/a
RON — > 08 =111 = 106
Mass fraction

& Sb (m/m) £4.5¢ 52.0 58.2¢

h % (m/m) 13.0¢ 13.0 I1*

0 % (m/m) 2o 350 28.7%

n mg/kg 0.8¢ 0 n/a

spark plug side injectc

central inje

= variation

g

=4

ﬁ\:g.,!w

ﬁgﬂl—i o PAF I R 90 q\g\H» A TR E E PR 50
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WOT, n = 2000 min-", &, =1 WOT, n = 2000 min, & =1, Pyoge = 500 mbar

= O central-pos. injector O central-pos. injector
- = B side-pos. injector B side-pos.injector T
— =
= =
] = [52]
= w [-=]
- © &
e
o
o
b
w0
g = > 2
8 < = A
=l [ |
IMEP / bar FSH /- HC / ppm IMEP J bar FSM /= HC / ppm
(a) (b)
o 4 2 IR
n= 2000 mn-', k=1 n= 2000 min-', k=1
IMEF = & bar, p,; = 50 bar IMEF = 8 bar, p;; = 150 bar
30000
200000 |- . .
- ;| Gasoline EE5 -] 25000 .
5 150000 | i : - 20000 &
= ., Gasoline 0
5 .- : s 4 15000
E* 1000000 | ; E‘
= o000 2
'000 E85 .. 3
50'000 \/ﬂ\ ! i p—
o L 3 - a
1 10 100 1000 1 10 100 1000
dp.‘ nm dpf nm

i+ = B 53 1
CLODURI T RIS = PSR 20091 i i3 9[22 Bt P Particle Emissions from
a 2009 Gasoline Direct Injection Engine Using Different Commercially Available Fuels )

TRV B 2000 £ O - i E R (BT HE S AR
%[ﬂl[a"rwﬁ% AUBTE! > AR o FRENRIFET] FTP - 75 #1US06 = HiBiEE s o
@H =70 D FISBI S IS A  BAIC - ST A B AL SEHEAII C AL
P (0 (SIS 53 CL0 10 C12)  HISRS! PRS- FISSK oy
il %ﬂﬁ'*u#?fw PR R RATIERE 1E ARV T Il - }ﬁ*aﬁ [EV VIS B A E e
li?ﬁir—ﬁi CRRIFE A %) FIGHRR BOH AU RT RN AR RV PR« g iR b s 7 62 [
%%ﬂﬁ@ﬁﬂpﬁi%S@%“Fﬁﬁﬁ%ﬁﬁyw$'ﬁ%%%nimPf75%md’EEW?
SIS CASEL B+ i ISR R LA DAY SRR o o SRR RARSE D s o
(Bl = 3 DSl o R S ISR AR D RV PR RS Jﬁlﬁlﬁ'ﬁlﬁ'rﬁ%‘?
PIFTP - 75 (S H BIREREATE PSR Aok BTEIEHE > [0 (R IR C o HWF p

% %R AN CARB)E FEL 2014 & #12017 &= (REFVH 57 3 8% J [0 = 1 A A
B [ {1 P 2 50 (CARB) 2014 5 (S 2T 3 W1V i %—Fg,ﬁﬁ(ﬂ: B
KRN C o T8 SR o (B R R TSR 2017 IR IR R AR

36



L R TR AL R PRV 2 B SRR - A B
e ] O FUTRELPE R TR AR VEFIGATE PR Ry R AR S » RN B 6 HU] /A (R Lol [ B o =
[ New European Driving Cycle NEDC) - [fijZEFTP - 75 » 3 lﬁl e [ET) FTP - 75 HIEE

-

DT S ol o A N LA A
P RS LRI 6 RIS OB SR SN (HE T n\F*r%rﬁ@‘rEdr‘m* i

SR 6 S8R A ST T B i LT ﬁhﬁ%ﬂf‘rﬁﬂiﬁfﬂﬁ DA - P
KRG YT PRI (SR DY TS [ (GDD) PR SR B -

I N B ﬁjél FAFIGR S BRI 5Y o P=9f > £ b BT EJ MR D T CARB LEV
TIT A1 6 BUAGYEE 1 [Tz i Fﬁfﬁﬁ#ﬂhﬁ (Lo NQUNAE= S TSN
U
ASTM
';\'Iﬂhnd Na.Ee Unit Fuel A Fuel B Fuel C
D511 RVP psl 397 14.7 5.96
D222 07 | solfur Ppm I 802 104
D383l Manganese | mgl KA <0.2 <02
D86 IBP " 339 23.0 353
Evap 5 oz N/A 298 480
Evap 10 “* 444 347 5156
Evap 13 " 517 ig0 54 4
Evap 20 " 650 432 574
Evap 30 = T78.9 53.4 6.5
Evap 40 " 044 660 670
Evap 50 " 105.0 83.2 893
Evap 60 | °C 1117 100.4 1144
Evap T0 o 117.8 1127 1316
Evap 80 "« 1294 121.6 1529
Evap %0 aC 1589 1315 1753
Evap 95 " 1672 138.6 190.6
FBP "« 197.2 151.0 200.8
Rﬂﬂ'crd E.L 0E 1 oE1 945
Residue mL 0.8 0.5 0.8
Loss mL 11 14 0.7
D6729 3
[ Pamaffins | "Wzt | 54809 | 46224 41647
Aromatics | % E.EE 40939 43 BAE 31.55
Olefins ‘!n__\"_u'_ﬂ 005 0.142 6ETS
Onevgenates | % Wt o 0 10.131
. ASTM D5453 was used
o s SR
30
120 25
®
100 - &
& —- o
2 80 ?é
i w
= 60 7
2 s
£ 40 Vi
20 I
T - T l'I T
0 n T
3 4 5 6 7 8 9 1011121415
0 50 100 150 200 250

Carbon Number
W FuelA mFuelB ® FuelC

Temperature, °C
wp=Fuel A =m=FuelB ==FuelC
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1 SR 1 SRR 13 i)

i~ 1 R

14
— 5—
E 12 _ _ —7
% 10 Tier 2, Bin 5 = 6.25 mg/km for the FTP-Composite ] |
£ {Full Useful Life) Zs
L
e g 2 M
= “ L3
o 7 %
. & =T ..-"-:- 1
£ | Z
E 4 ;"‘ . :r é- -
A P
u ! I .I L‘-'.'.g! bl
FTP-
FTP- FTP- FTF-
Phasel Phasel Phase3 c“"‘:“'t nh
O Fuel Al 235 075 151 129 230
B Fuel A2 2.49 0.70 154 130 2.75
= Fuel B1 1.16 0.34 1.1B 0.74 1.30
& Fuel B2 138 0.29 1.04 072 238
[ Fuel C1 801 136 306 321 12184
O Fuel £2 .02 1.13 2.40 250 9.78

1~ TSR Bk
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10 : .= 5
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P i w
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T8 i
SEEF EEES EEES
£ E £
B Total PM  E %00t —+— Soot fraction
E;ﬁl.u o T EoprEe R
(20) I} ﬁ' AT IERp=3 Tﬂﬁ FEFRFIEINOx Y& (High-Efficiency and Low-NOx
Hydrogen Combustion by High Pressure DlI‘CCt In Jection )
R A P IFLY 1 VRS - R R S B T A R

YJFI RV R HaR Y & “%‘ﬂlﬁyﬂ#ﬂfﬁ{%ﬁi [ IR R 3 B RS TS
([H[ Foo A @A) 0GR e e R T TR g R E I
R (=S ISR (g 01 (NOx) PRIV A 28 ) 4 gl - iW“HI*UE'J
P B i (J M)y 30 MPa) > PR i (RS 97 (NOx) PHivE 8%
BRI ] 2200CC » 4 & 50301 :Prf‘[’fﬁ"‘ [IQ\'%EH inPﬁFﬁJ UM (toroidal shape) W
L A K R R e L S 2i A ie T E - [ TR £ 5 1 R
%ﬂk [ SRR s H%KF‘T 9t Pl IIEIF ' ST (E'f TRRIEbERE
) 4B - %%Q?Z«F@ﬁ%W“Vﬁ?Wﬁﬁﬁ%A i UL
7 3% » AT ARG - IP"T';T FET (1) 5 é*ﬂ'??ﬁﬁ?%‘%ﬁ? 15 FHFH’\%D{&#“[
PRV B (2) FFal B9 (TDC) Ff"fﬁﬁ—lﬂ B[l (recovery ) }f‘dfF'ﬁ' » BRI
EIM (3) l?ﬁ? ”,J}Fe*ﬂ'??ﬁﬁ?’*f% PEF] fABL (EGR) RLF|F5FY « =9F - Sl ifll
Fﬁﬁﬁiﬁ » Ik J/ﬁf( LRy AR F'Jdl:}?ﬁ # 529%. '/?F'ﬁ EdsE > I') CFD A !
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b Valve
. #%J_

R : "-?" ﬁ:ﬁﬁ Working Oil
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Surface [
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= LEEREH
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Pressure Recovery
Work /LHV[%]

=18 w0l
30 [£158, @05

b
=]

=
o

0o

J“II]E"[PF [/%:E

[£15.8, @0.
H:z foles 21% increase).
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Injection Timing[ATDC]
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