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Abstract : Although the number of registered cars in South Korea is above 21million and one
family has about 1.07 cars, there is no national standard for automobile reference fuel in South
Korea. Reference fuel is the fuel used for certificating vehicle performance, emissions and fuel
economy. Now, domestic market fuels are used as reference fuel. However, the quality of domestic
market fuel is constantly changing by seasonal and fuel manufacturers. It may effect vehicle
performance, emissions and fuel efficiency test result. On this study, market fuel quality was
monitored and reference fuel standard(draft) was set by reflecting market fuel monitoring result.
Reference fuel standard(draft) was applied to GDI and MPI engine. As a result, the difference of
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fuel economy between fuels meeting the reference fuel standards(draft) was reduced to 1.1% while

the difference of fuel economy between market fuels was 3.8%.

Keywords  Gasoline, Reference fuel, Gasoline quality monitoring, Fuel Economy, Emissions
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Table 1. Foreign automobile reference fuel(gasoline) specifications
us EU Japan
Fuel Property EPAi%)er 3, Califom& Phase 3 EurOE?O &6 e
(General testing) | Regular/Premium =
Research Octane Number(RON) - - 95.0 ~ 98.0 %)% N 91%1/
Motor Octane Number(MON) - - 85.0 ~ 89.0 8&?618828/
Sensitivity (R—M) 7.5 o|A4F - - -
Octane (MON+RON)/2 87.0 ~ 88.4 |87~88.4/91 o4 - -
10% evaporated(C) 49 ~ 60 544 ~ 65.6 - 45 ~ 55
50% evaporated('C) 88 ~ 99 96.1 ~ 101.7 - 90 ~ 100
90% evaporated(C) 157 ~ 168 154.4 ~ 160 - 140 ~ 170
S evaporated at 70C(vol.%) - - 34.0 ~ 46.0 -
Distillation -
evaporated at 100°C(vol.%) - - 54.0 ~ 62.0 -
evaporated at 150°C (vol.%) - - 86.0 ~ 94.0 -
Final boiling point(‘C) 193 ~ 216 198.9 | 170 ~ 195 215 |
Residue(vol.%) 2.0 | 2 2 -
Water and sediment(vol %) 0.05 | - -
Copper Strip Corrosion(50°C,3h) 11 1 - -
Vapor Pressure(37.8°C, kPa) 60.0 ~ 63.4 47.6 ~ 49.6 56.0 ~ 60.0 56 ~ 60
Density(15C, kg/m’) - Report 143~ 756 | A e
Oxidation Stability(min) - 1000 t 480 t -
S sor | i [ e | s
Sulfur Content(mg/kg) 8.0 ~11.0 8 ~ 11 10 | 10 |
Lead Content(g/L) 0.0026 | 0.0026 | 0.005 |} undetectable
Phosphorus Content(g/L) 0.0013 | 0.0013 |} 0.0013 | -
Total Aromatic Content(vol.%) 21.0 ~ 25.0 19.5 ~ 22.5 25.0 ~ 32.0 20 ~ 45
C6 Aromatics(Benzene)(vol.%) 0.5~0.7 0.6 ~0.8 1.0 } 1.0 |
C7 Aromatics(Toluene)(vol.%) 52~ 64 - - -
C8 Aromatics(vol.%) 5.2~ 6.4 - - -
C9 Aromatics(vol.%) 5.2~ 6.4 - - -
C10+ Aromatics(vol.%) 44 ~ 56 - - -
Olefin Content(vol.%) 4.0 ~ 10.0 4.0~ 6.0 6.0 ~ 13.0 15~25
Oxygen Content(wt%) (O(t)l'lir tlhan 3.3 ~37 3.7 1 undetectable
FEthanol)
Ethanol(vol.%) 9.4 ~10.2 9.6 ~ 10.0 9.0 ~ 10.0 | undetectable
Fther(=C5, vol%) - 0.05 | (MTBE) - undetectable
Carbon - Report Report -
Hydrogen - Report Report -
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(eh) (Reference fuel draft), A& (Test method)
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Fig. 1. Results of fuel economy test on domestic market gasolines(regular).
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Fig. 2. Results of quality monitoring on gasoline(regular) in 2014~2015.
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Table 2. Motor Gasoline(Regular) specification, Test Result, Test method and Reference fuel draft

Fuel Property Limits | (feoot) | Ret | heiirce | Test method
Research Octane Number(RON) | 91~94 91.7 91.3~93.0 91~93 |ASTM D2699

10% evaporated(‘C) 70 | 46 32~60 40~60

50% evaporated(C) 125 | 74 58~93 60~95
Distillation90% evaporated(C) 170 | 140 117~167 | 125~155 |ASTM D86

Final boiling point(‘C)| 225 | 190 162~217 | 160~220

Residue(vol.%) 2.0 1 0.7~1.1 2.0 |
Water and sediment(vol %) 0.01 | 0.005 | 0.005 | 0.01 | [KSM2115
Copper Strip Corrosion(50C,3h) 1 1 1} 1 | [KSMISO 2160

71.6
Vapor Presser(37.8°C, kPa) 44~82* |55(Summer),| 50.6~93.7 60~70 |ASTM D5191
81(Winter)

Oxidation Stability(min) 480 t 480 t 480 t 480 1 [KS MISO 7536
é‘jﬁf:&z:/sﬁlggm%‘m 5 1 1 algt | 0.0~1.2 1} [KSMISO 6246
Sulfur Content(mg/kg) 10 | 4 0~7.6 10 | |ASTM D 5453
Lead Content(g/L) 0.013 | | 0013 | | 0013 | | 0,001 | [KSM 2402
Phosphorus Content(g/L) 0.0013 { | 0.0013 | 0.0013 | |0.0001 | [KSM 2403
Total Aromatic Content(vol %) | 22(19) | 11 48~233 6~18 |ASTM D6839
Benzene Content(vol %) 0.7 | 0.4 0.07~0.63 0.7 I |ASTM D6839
Olefin Content(vol %) 16(19) | 12.6 4.4~15.9 8~19 |ASTM D6839
Oxygen Content(wt %) 2.3 1.8 0~2.23 1.0~2.3 |ASTM D6839
Methanol Content(wt %) 0.1 | 0.1 | 0.1 | 0.1 | |ASTM D6730
Density(kg/m?) - 707.5 688.2~734.3| 695~725 [KS ISO 12185

* Summer (Jul. ~Aug) : 44~60, Winter(Oct.~Apr.) : 44 ~ 96

AE A2 A5 FAPTAlo] thE GDI(Gasoline
Direct Injection)2} MPI(Multi Port Injection) B4
o] 2k 205 7St aL, Al Al Table. 4]
e gl A2 = dd] 2 EiE7Es JIFA
dREQl  AZMARE(FTP-75¢ IHHE
(Highway Fuel Economy Test, HWFET)E 285
At AFFe] e st whE Alddvte] Haks
Fastuzy Agd=w Al 7HA] {50 AlEe vk
T ohe Y] Al Jestalon, Ak HlolE
o] A= FHE 9ol 24 HFE 14 T 24 29
olAFe] A2 ATt S A8tct. 1]
I ARAAR] M & XA HLl= error barE F

=, A4S, A 52 WHESte S i stet
AZS FYLEE AMRoto] RS 4 e F A2t
of #otE dojF+= AAlolth. AtiEA, LS
Z(Inertia weight), 5357 (Power absorption

unit), Al*17](Controller) 2 A= o] Qlo™, Z}of
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Table 3. Result of test fuel analysis

Fuel Property st Reference Test fuel test Result
fuel draft A B C

Research Octane Number 91~94 91~93 96.5 93.3 90.9

10% evaporated(‘C) 70 | 40~60 53 48 53

50% evaporated(‘C) 125 60~95 106 80 78
Distillation |90% evaporated(‘C) 170 | 125~155 159 147 127

Final boiling point(‘C) 225 | 160~220 208 193 194

Residue(vol.%) 2.0 | 2.0 | 1.0 1.0 1.0
water and sediment(vol %) 0.01 | 0.011 undetectable | 0.005 | 0.005 |}
Copper Strip Corrosion(507C,3h) 1 1 la la la
Vapor Presser(37.8°C, kPa) 44~82" 60~70 59.4 67 59
Oxidation Stability(min) 480 t 480 1 480 1 480 t 480 1
sotvent (ng}fggﬁ)m 5 1 05 | 051 | 051
Sulfur Content(mg/kg) 10 | 10 | 30 5 4
Lead Content(g/L) 0.013 | | 0.001 | |undetectable| 0.001 | | 0.001 |
Phosphorus Content(g/L) 0.0013 | | 0.0001 | |undetectable | 0.0001 | | 0.0001 }
Total Aromatic Content(vol %) 22(19) | 6~18 31 17 7
Benzene Content(vol %) 0.7 | 0.7 | 0.4 0.4 0.5
Olefin Content(vol %) 16(19) | 8~19 0.3 12.1 9.0
Oxygen Content(wt %) 23} 1.0~2.3 0 2.1 1.2
Methanol Content(wt %) 0.1 |} 0.1 |} 0.1} 0.1} 0.1}
Density(kg/m3) - 695~725 743 729.9 710.7
Net calorific value(M]/kg) - - 42.7705 42.272 43.497
Carbon ratio(wt%) - - - 0.838 0.839

Table 4. Specifications of test vehicles

Fuel supply type

Gasoline Direct Injection (GDI)

Multi Port Injection (MPI)

Model K7, KIA Motors YF Sonata, Hyundai
Engine Theta(6) I Nu(v)

Engine Type G4K]J, DOHC G4ND, DOHC

Type and Model year VG5B1-G,2012 YF5ABA-L-E-92, 2013
Displacement 2,359(cc) 1,999(cc)

Cylinder X bore X stroke 4x88x97 [NoXmm X mm] 4x81x97 [NoXmm X mm]
Compression ratio 11.3:1 10.3:1

Max. power [ps/rpml] 201/6300 172/6700

Max. torque [kg:m/rpm] 25.5/4250 20.5/4800
Mileage(km) 56,000 30,000
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Fig. 3. Schematic diagram of gasoline vehicle emission measurement system.
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Fig. 4. Results of vehicle test at FTP-75 Mode for using the K7(GDI) and YF(MPI).
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Fig. 5. Results of vehicle test at HWFET Mode for using the K7(GDI) and YF(MPI).
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