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- Test fuel Diesel GTL
Number of cylinders 1 Cetane
Bore x Stroke ¢ 87 mm x 110 mm number 59.7 68.4
Displacement 654 cm® Density g/lcm® | 0.826 0.779 sty e
, , Heating value kJ/kg 43330 44080 ”)J 39X Flﬂ M % t :HIE = =wye S,
Compression fatio 1.8 Paraffins vol% 81.5 99.7 ?‘:a')( = LE A XLy 3/'“
Fuel injection system Common rail Aromatics 185 03 Fﬂ L/__C. GTL ‘j:ix :m t :ﬁ@ 0) 7,_\ l, \'l‘ikb
o ' y 7
EGR system Low pressure Distillation °C __IBP 172 208.5 = M +/ o o AE
Boosting Roots blower 10% 217 229
50% 283 264
90% 335.5 312.5
EP 361.5 327
S L,OS5N =
IO UREBREH
Fuel Diesel, GTL b g ey e A o 1o
Engine speed rpm 1600 . EEIES 0 %'J: 3“. 2 : . AT fl] *E :HF m:]:E
£ g d
IMEP MPa 0.6 Ll e e @ Sal 4 B | s . OF .l ee o, ¢
Intake oxygen concentration vol. % 21—10 $ o M: g | o owes | Ex o® i,
Injection pressure MPa 150MPa Bes | : prese! 3l bl P i I 0 : e
o Timing CA ATDC -19.8 gl Sl o il I
Pilot |nject|on Q it 3 18 £ 8 10 12 14 16 18 20 22 8 10 12 14 18 18 20 22 8 10 12 14 18 18 20 22 0 12 14 18 18 20 22
uanti y mm /CyCle . Intake O, concentration [%] Intake O, concentration [%] Intake O, concentration [%] Intake O, concentration [%]
L. . Timing CA ATDC -9.8 10 Z:E_7 T 2000 NOX R 1500 THC 2.0 CO
pre injection : " ol (a) Fosispire 7 (b) "o he (c)  Petsouea (d) Fojren P
Quantity mm~/cycle 2 = ® c1L 150 e GL @ = 1000 | ® cTL ' ® ol
Viain inec Timing CA ATDC -1.8 P X & 1000 £ 10
ain injection gaf g 2 8
: Quantity mm°/cycle adjusted to load 5 1 . 500 o . 05 H
)
Boost pressure kPa 120 (0.6MPa) 0 : o —o 0 ° 0 * e 00 R —e
8 10 12 14 16 18 20 22 8 10 12 14 16 18 20 22 8 10 12 14 16 18 20 22 10 12 14 16 18 20 22
|ntake temperture oC 30 Intake O, concentration [%] Intake O, concentration [%] Intake Qs concentration [%] Intake O, concentration [%]
Cooling water temperature °C 80
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G70030: GTL70%+OME,..30%
G50050: GTL50%+OME, .. 50%

EERAH DTER
Fuels GTL OME G70030 | G50050
Cetane number 66.2 57.3 72.2 71
Cetane index 82.3 0.7 37.2 24.5
Density [g/cm”] 0.779 1.055 0.8553 0.9105
'\‘/Z:’l‘f[rl\‘jj/tllg? 4351 | 1937 | 3483 | 29.60
Distillation IBP 210.5 145.5 156.5 153.0
['C] T10 227.0 160.5 172.5 167.0
T30 244.0 165.5 197.0 177.5
T50 262.5 171.0 235.5 202.0
T70 285.0 184.0 270.5 242.0
T90 310.0 210.5 305.0 298.0
EP 324.5 244.5 323.0 319.0
Oxygen
concentration <0.1 46.1 17.1 26.9
[wt%]
Viscosity [mm?/s] | 3.230 1.223 2.008 1.700
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SR [EHMEEREE (RCEM*) DENT
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: : - : Bttt L
*Rapid compression and expansion machine Common rail
In-cylinder
pressure
Injection Solenoid
' . signal Injector, || valve
Gas cylinder \’ Amplifier »
Intake. #i% " In-cylinder ST
) ¥ pressure \;\“e.’&
Pressure Mirror sensor
. Rotary Air tank
encoder
Intake gas
mix tank
Mix motor

~

| / Ethernet

ee oo oo High speed
e @ @ © camera
e & [ [m [m ¢ Computer
{. 0 & 4 8 8 7 Photo
Injection controller Shock interrupter
absorber
Trigger

Transparent

extended piston RCEMEE T
Solenoid : Bore x Stroke # 100 X 100 mm

_ _ Ball spline :
valve |inear cylinder Displacement 785 cm?
G| 3 — Shckbsorber Compression ratio 16.7
= Nozzle hole $0.109 mm % 10-155°
Combustion cavity Cylindrical
v shape $55 X 15 mm
Air tank
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Injector

||

35000
/ Injector o000
25000
Iy Quartz glass 2000

Combustion
chamber

Expended
piston

Photography by high-speed video camera

GTLIZRNIZH T H0OHA A BT THSHH
OME, %B&THEOHTCAILDEFIE
ik [ RS

OME, ZRATAEMBENEIKRT TS

Test fuel: Diesel

Band-pass filter

Experimental condition: (/=308 nm)

Intake oxygen concentration 16 vol.%

Injector:
Denso G4P
0.109 mm x 10 — 155°

GTL 200
150
GTL -z
+30% OME =
100 2
G70030 £
>
-
GTL 50
+50% OME
G50050

Crank angle [ATDC] 13
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10 5 0 5 10 15
Crank angle [TCAATDC] Crank angle [*CAATDC]

/7 BACKERI (B, GTL OfRFE:
<4CAATDCHEF 5>
EEMENRCEERmEmICEER. BEICHA-T
BELUEZER LTI EET LHE EETHMEET
LELLDENEENTETHERZIRELLY
RIGHMELEL . RIARFEORE—IUDERT D,
<8CAATDCHEf &5 >
BEENSREEPREBADRENZFESERR

BREORET—IDBEEIEMNIE IS (FRULNVGEEL) .
k—cimfﬁ [BIAZ I ELTRRERICIRND

4 GTL&OMEmixiﬁs‘é‘%ﬂ@%'ﬁﬁ(@GCAATDC):\
GTLTIIEZE TS EE TR T 58EH
HHMN. OME,, DEEENIEZIBOTLEEZETS

SRl B L THRIE RS AT 5. )

[

PRBEEAR DN R HE T B

5 10 15 \
Crank angle [deg ATDC]
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[_1 Spray interference near the combustionwall

[—1 Re-oxidation of spray flame
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200

150
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o9
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GTL Light Middle

GTL Light

0 20 40 60 80 100
Distillation %
TUOUEREN
Fuels GTL, G70030, G50050
IMEP [kPa] 900
Boost pressure [kPa] 140
Engine speed [rpm] 1600
Pilot injection timing
-10.5

[°CA ATDC]

Main injection timing

[°CA ATDC]

Adjusted to be the main
combustion start at TDC

Intake gas temperature [°C]

30

Intake oxygen concentration
[vol.%]

11, 12, 14, 16, 21

Coolant temperature [°C]

80

Fuel injection pressure
[MPa]

150

B

A FEBEH A RERE

IO VBENRLREIZESLEVNEIIZ, TV VR TIXGTLIZGTL LightE =&
GTL Heavy#1:1T:R&LT-G50L508 KU G50H50%{E AL 1=

mEMEKR

S

v

&
e

2 RI=E S

.50 30 30
& G50L50 (b) Cooling loss (c) Exhaust loss
S0 | G50H50 =20 S
° = &
5 226 | G50H50 | %26 G50L50
S48 | Ke! ke!
o] -
£ i 224 224 |
3 | (a) Inffdllc.ated tehrmal = G50L50 E“ G50H50
3 efficiency S22 | =22
©
E 46 1 L L L L 20 I 1 I I I 20 I I I 1 I
10 12 14 16 18 20 22 10 12 14 16 18 20 22 10 12 14 16 18 20 22
Intake oxygen concentration [vol. %] Intake oxygen concentration [vol. %] Intake oxygen concentration [vol. %]
NOx THC CO AE—S
1200 1000 12 10
1000 | GSOH50 (b) Total hydrocarbon 10 | (c) Carbon monoxide (d) Smoke
E 800 | %) 8o G50L50 Zos | G50L50 = 8
= 500 § 600 °§ ’ w6t
PR o 206 7 2 G50L50
S 400 | ‘[35}’?1";0 g 4 goa | : 47
a X
| o G50H50 ®2 1650H20 : G50H50
0 0 - - : 0.0 : © 0 : : ; s .
10 12 14 16 18 20 22 10 12 14 16 18 20 22 0 12 14 16 18 20 22 0 12 14 16 18 20 22

Intake oxygen concentration [vol. %] Intake oxygen concentration [vol. %] Intake axygen concentration [vol. %]

« G50H501XG50H50kY & & 5hZEAVEL Y

Intake oxygen concentration [vol. %]
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& Heavy cut GTL (b) Cooling loss (c) Exhaust loss eavy Cut .
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% 50 | (GTL fuel with the heavy fractions rm‘mwd) F: 26 GTL 528 I (GTL fuel with the heavy fractions removed) G T L b\ » E F f r G T L H AN I\ l/ -t
£z L Sa | 4 b d~ eavy jJ J
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BE LI
2 (a) Indicated thermal 3 22 Heavy cut GTL 24 = ~ M
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c 46 L L s s L 20 L I I I L 22 L L " L s
10 12 14 16 18 20 22 10 12 14 16 18 20 22 10 12 14 16 18 20 22
Intake oxygen concentration [vol. %] Intake oxygen concentration [vol. %] Intake oxygen concentration [vol. %]
NOx THC CO AE—7

1200 1200 12 8.0

1000 . Qo) Nox 1000 | (b) Total hydrocarbon 10 (c) Carbon monoxide | (d) Smoke \L EEDN/N\ L
_ eavy cut 5 _ =60 | b E ]J ﬂ'—\
£ 800 fuel with the heavy fractions £ 800 | TL f08 [ GTL N
i 600 & 600 H GTL é 0.6 I-‘;‘40 ;a e e N
» = r eavy cut EAS e 2N ”%’ | I t d
O 400 QO 400 (GTL fuel with the heavy fraction 004 S [ ] j;l, ﬂ P b\ A é
-4 I £ | Heavy cut GTL

200 " 200 | %02 B 20 1 foetwith he hey fractions ey X .

removed) N s = -, 03
0 - . 0 0.0 : " - 0.0 —_— 7 | NE \-d—
10 12 14 16 18 20 22 0 12 14 16 18 20 22 0 12 14 16 18 20 22 10 12 14 16 18 20 22 L4 X:E b\ E I}&/} é

Intake oxygen concentration [vol. %] Intake oxygen concentration [vol. %] Intake oxygen concentration [vol. %]

0 1000 2000 3000 3600
Temperature [*C]

5 0 5 10 15 20 0 5 10
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Abstract

To reduce carbon dioxide emissions from automobiles, the introduction of electric vehicles to
the market is important; however, it is challenging to replace all existing IC engine vehicles with
electric ones. Consequently, there is increasing anticipation for the use of carbon-neutral fuels,
such as e-fuels.

This study investigates the effects of GTL (gas-to-liquid), as a substitute for e-fuel, produced
from natural gas via the Fischer-Tropsch synthesis method and polyoxymethylene dimethyl ether
(OME,,,) produced from methanol, on engine performance. Additionally, combustion image analysis
was conducted using a rapid compression and expansion machine (RCEM).

GTL fuel combusts similarly to conventional diesel fuel but has slightly lower smoke emissions
because it does not contain aromatic hydrocarbons. Further, its high cetane number results in better
ignition properties. During the combustion, unburnt hydrocarbons and smoke are generated in the
spray flame interference region near the cylinder wall due to insufficient oxygen, and as it moves
from the cylinder wall toward the center of the cylinder, the re-oxidation is observed, which is
reflected in the heat release rate as the after-burning duration.

When the OME_, is mixed with hydrocarbon fuels such as GTL, combustion continues even in
the spray flame interference region, leading to a reduction in the after-burning duration and signifi-
cantly lower smoke emissions.

Further, the GTL was divided into four distillation regions, that are GTL Light, GTL Light Middle,
GTL Middle Heavy, and GTL Heavy, and the effects of low and high-boiling fractions in GTL on diesel
combustion were investigated. Heavy fractions have excellent ignition properties, resulting in shorter
life-off (set-off) length during combustion. However, due to the poor evaporation characteristics,
they have longer high-temperature residence time, leading to greater cooling losses and reduced
thermal efficiency. On the other hand, light fractions have longer lift-off lengths, mix well with air
before combustion, and have shorter combustion durations compared to heavy fractions. Finally,
an engine performance was evaluated using a fuel mixture of the fuel with the heavy fractions
removed from GTL (heavy-cut GTL) and OME_, in a 1:1 ratio.
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