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The Study on Effect of Emissions and Performance of a Conventional
Vehicle using the High Concentration Alcohol Blended Petroleum Product

SUNG-WOO KIM™, JIN-WOO DOE, KI-HO KIM, JONG-HAN HA

Research Institute of Petroleum Technology, Korea Petroleum Quality & Distribution Authority,
Chungcheongbuk-do, 28115, Korea

Abstract >> As concern about energy security and global warming many countries have been making effort to
reduce fossil fuel. In the case of US, as one of the efforts, the standards of the alcohol vehicle fuels(including
blended with gasoline) have been established. Alcohol is known that make some trouble concerning startability,
durability and corrosion when using as fuel of a conventional vehicle. For these reason, alcohol usage needs not
only the fuel standard, but also a modified car. In the case of Korea, although there are no the standard and
the modified vehicle yet, high concentration alcohol blended fuel has being sold at illegal market. In this study,
exhaust gas and performance of the conventional vehicle that alcohol(methanol and isopropyl alcohol) blends were

fueled were measured to notify danger of using them without preparation of institutional arrangements. Also, to

analyze correlation characteristics of the fuels and them, property test of the fuels was conducted. The test result
show that bad-startability caused by low RVP and high T10 affected increase in NMOG and CO. NOx was increased
under the highest short term fuel trim caused by high Oxygen content and low NHV of alcohol. According to
increasing as alcohol content, fuel economy and acceleration ability were decreased but CO, was not significantly

decreased.
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Table 1 Specifications of test vehicle

Inlined spark-ignited
4 stroke 4 cylinder engine

DOHC (direct attack with
hydraulic tappets) - VVT type

Type

Valve mechanism

Multi Point Injection
86.0 mm x 86.0 mm
105 : 1
144 ps / 6000 rpm
19.1 kg.m / 4250 rpm
0.4 kgm’

ATDC 11 deg (BTDC 34 deg)
/ABDC 67 deg (ABDC 22 deg)

BBDC 34 deg/ATDC 10 deg

Fuel supply type
Bore x Stroke

Compression ratio

Max. Power

Max. Torque

Rotation inertia

Valve IVO/IVC
timing

EVO/EVC

Intake charging Naturally aspirated
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Fig. 1 Diagram of chassis dynamometer system

Table 2 Specifications of dynamometer

Roll type & diameter Sing(l;ﬂ?zlltyii)inch
Simulated vehicle weight 1000 ~ 15000 Ibs
Electric motor absorber type AC IGBT Vector
Max. speed 200 km/h
Registration of actual speed value + 0.01 % km/h
Registration of actual tractive force value + 0.1% F.S
Measurement of driving distance Encoder type
Flow rate of cooling fan 63000 CFM
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Fig. 2 Vehicle speed schedule of FTP-75 mode
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Table 3 Properties of the MeOH blends

Alcohol MeOH
roportion
Property 25 50 75 100
RVP(kPa) 95.1 88.4 72.4 31.8
T10 437 48.4 57.0 64.8
D‘St(‘}éa)“"“ TS0 | 590 | 625 | 645 | 648
T90 1294 | 65.5 65.3 64.9
C 72.00 | 60.50 | 49.00 | 37.50
CH ratio
H 13.81 | 13.23 | 12.64 | 12.50
Estimated O ratio 14.19 | 26.27 | 38.36 | 50.00
Density(kg/m’) 0.7365 | 0.7568 | 0.7758 | 0.7958
Estimated NHV(MJ/kg) 40.2 344 28.5 22.6
Driveability index 528 615 766 907
Table 4 Properties of the IPA blends
Alcohol IPA
roportion
Property 25 50 75 100
RVP(kPa) 68.6 593 41.7 n/a
T10 53.1 58.9 70.2 82.1
Distillation
(C) T50 74.8 78.9 81.6 322
T90 12.3 84.6 834 322
C 77.65 | 71.77 | 65.88 | 60.00
CH ratio
H 14.26 | 13.95 | 13.64 | 13.33
Estimated O ratio 8.09 | 14.28 | 20.48 | 26.67
Density(kg/m’) 0.7350 | 0.7520 | 0.7710 | 0.7890
Estimated NHV(MJ/kg) 425 39.1 36.3 334
Driveability index 405 567 659 745
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Table 5 Attempts for start up

Alcohol MeOH IPA
Proportion Cold Start| Hot Start |Cold Start| Hot Start
100 N/A* N/A 5 1
75 2 1 2 1
50 1 1 1 1
25 1 1 1 1

Table 6 Time for reaching from 0 to 100kph

Proportion Aleohel MeOH IPA
100 N/A 13.1sec
75 45.3sec 12.6sec
50 12.8sec 12.5sec
25 12.5sec 12.4sec
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Table 7 Emission and fuel economy of MeOH blends

Alcohol MeOH

roportion
Emission 25 50 75 100

Phasel 0.073 | 0.092 | 0.178 | N/A

NMOG Phase2 | 0.002 | 0.001 | 0.002 | N/A

(g/km) Phase3 | 0.011 | 0.006 | 0.018 | N/A

Total 0.02 | 0.022 | 0.047 | N/A

Phasel 1.196 | 1.048 | 0.457 | N/A

CO Phase2 | 0.112 | 0.239 | 0.006 | N/A

(g/km) Phase3 | 0.584 | 0.765 | 0.043 | N/A

Total 0.467 | 0.551 | 0.105 | N/A

Phasel 0.086 | 0.146 | 0.773 | N/A

NOx Phase2 0.001 | 0.018 | 0.792 | N/A

(g/km) Phase3 | 0.016 | 0.043 | 0.82 | N/A

Total 0.023 | 0.051 | 0.796 | N/A

Phasel 2053 | 203.7 | 309.5 | N/A

CO, Phase2 | 2159 | 212.7 | 200.0 | N/A

(g/km) Phase3 | 183.2 | 179.3 | 228.5 | N/A

Total 204.7 | 201.7 | 2293 | N/A

Fuel Economy (km/L) 9.858 | 9.284 | 7.421 | N/A

Table 8 Emission and fuel economy of IPA blends

Alcohol IPA

roportion
Emission 25 50 75 100

Phasel 0.112 | 0.087 | 0.193 | 0.631

NMOG Phase2 | 0.001 | 0.001 | 0.003 | 0.003

(g/km) Phase3 | 0.011 | 0.005 | 0.004 | 0.003

Total 0.028 | 0.021 | 0.044 | 0.134

Phasel 1.110 | 1.006 | 1.497 | 1.436

co Phase2 0.059 | 0.046 | 0.037 | 0.048

(g/km) Phase3 | 0.291 | 0.268 | 0.241 | 0.174

Total 0.341 | 0.306 | 0.396 | 0.370

Phasel 0.074 | 0.052 | 0.053 | 0.041

NOx Phase2 | 0.000 | 0.001 | 0.003 | 0.002

(g/km) Phase3 | 0.002 | 0.01 | 0.005 | 0.003

Total 0.016 | 0.014 | 0.014 | 0.010

Phasel 217.1 | 214.7 | 2189 | 221.1

CO, Phase2 2219 | 221.1 | 223.0 | 2235

(g/km) Phase3 | 187.7 | 185.7 | 190.1 | 188.5

Total 211.5 | 2104 | 213.1 | 2134

Fuel Economy (km/L) 9.958 | 9.829 | 9372 | 9.015
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