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Abstract

Recently, agreat deal of attention have been directed to the use of alternative fuels as a means to reduce vehicular
emissions. As one of the promising alternative fuels, bio-diesel has advantages of a wide adaptability without retro-
fit of diesel engine. It is also effective enough to reduce CO, THC, SO,, polycyclic aromatic hydrocarbons (PAHs)
and PM. In this study, we investigated the emission characteristics of biofuels between different operating conditions,
i.e., engine speed (1,400 rpm and 2,300 rpm), engine load (10% and 100%), bio-diesel blending (BDO, BD5 and
BD20), and recirculation (EGR) rate of exhaust gas(0% and 20%). Relative performance of the system was evaluat-
ed mainly for the greenhouse gases(CH,, N,O and CO,). In addition, emission characteristics of ND-13 mode were
aso tested against both greenhouse gases and other airborne pollutants under emission regulation. The relative com-
position of bio-diesel has shown fairly clear effects on the emission quantities of CO, THC, and PM emission, al-
though it was not on NO, and greenhouse gases. EGR rate has shown trade-off characteristics between NO, and PM.

Key words: PM (Particulate Matter), ETC (European Transient Cycle), NDIR (Non Dispersive Infrared absorption),
ESC (European Steady-state Cycle), BD (Bio Diesel)
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Table 1. Specifications of test engine.

Item Spec. Item Spec.
Displacement 8505 cc CR 16.5
Chargeair TCI Max. Power 275bhp/2100rpm
NO. of Cyl. 6 Inline Max. Torque 1,085 Nm/1200 rpm
Injection Electric Unit Injection Bore x Stroke 130 mm x 160 mm
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Fig. 1. Overview of EGR-Cooler and valve system.
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Table 2. Properties of test fuels.

Item Diesel 100 BD5 BD20
Density (kg/cm®)@15°C 828.2 838.4 855.7
Viscosity (40°C mm?s) 2.805 2.870 3.523
Cetan No. 56.1 55.4 56.3
Sulfur (ppm) 12 9 6
Ignition (°C) 59.0 62.0 72.0
PAHs(Wt%) Mono- 11.0 - -
Di- 0.3 - -
Poly- Trace - -

Fig. 2. Overview of engine and A/C dynamometer.

Table 3. Specification of emission analyzer.
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Item Specification
Model MEXA-7200D
Component cO CO, THC NO,
Measuring principle NDIR NDIR HFID CLD
Measuring concentration range 100, 500, 1000, 25000 ppm  1,3% 50, 100, 250, 1000ppmC 50, 100, 250, 1000, 2500 ppm
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Table 4. Details of ECD.

Detector ECD (Electronic Capture Detector)
Columm Porapak Q (80/120 mesh)
Columm temp. 150°C
Detector temp. 350°C
Carrier gas N, (99.99%)

Sample flow 30mL/min

Table 5. Details of test conditions.
Fuel EGR rate Load
BDO, BD5,BD20 0,20%  10%, 100%

Speed
1400rpm, 2300 rpm

Table 6. Dynamometer operation schedule on ND-13 mode.

No Engine Load Weight ‘Drivin_g
’ speed rate (%) factor time(min)
1 Idle - 0.15 4
2 rpmA 100 0.08 2
3 rpmB 50 0.10 2
4 romB 75 0.10 2
5 rpmA 50 0.05 2
6 rpmA 75 0.05 2
7 rpmA 25 0.05 2
8 rpmB 100 0.09 2
9 rpm B 25 0.10 2
10 romC 100 0.08 2
11 rpmC 25 0.05 2
12 rpmC 75 0.05 2
13 rpm C 50 0.05 2

Nhigh: The high Nhigh is determined by calculating 70% of the de-
clared maximum net power. The highest engine speed where this power
value occurs (i.e. above the rated speed) on the power curve is defined as
Nhigh.

Nlow: The low speed Nlow is determined by calculating 50% of the de-
clared maximum net power. The lowest engine speed where this power
value occurs (i.e. below the rated speed) on the power curveis defined as
Nlow.

The engine speed rpm A, B, and C to be used during the test are then
calculated from the following formulas:

rpm A=Nlow+0.25 (Nhigh—Nlow)

rpm B=Nlow-+0.50 (Nhigh—Nlow)

rpm C=Nlow+0.75 (Nhigh—Nloe)
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Table 7. Results of engine performance by test conditions.

Item Power (KW)  Torque(NM) Bsfc
BDO+EGRO  117.6(1) 488.6(1) 215.7(1)
BDO+EGR20 1155(1.86) 479.1(1.94) 217.6(—0.84)
BD5+EGRO  118.5(—0.68) 491.8(—0.65) 217.4(—0.77)
BD5+EGR20 116.1(1.32)  482(1.35) 220.1(—2.0)
BD20+EGRO 1189(—1.13) 494.1(-1.12) 217.9(-1.04)
BD20+EGR20 117.3(0.32)  486.7(0.38) 221.3(—2.58)

x (1 ): Engine Performance change rate
Bsfc: Brake specific fuel consumption
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Fig. 3. THC emissions according to engine load and rpm.
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Fig. 4. CO emissions according to engine load and rpm.
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Fig. 5. PM emissions according to engine load and rpm.
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Fig. 6. NO, emissions according to engine load and rpm.

Table 8. Results of regulated emissions according to engine load and rpm. (Unit: g/kW - h)
10% 1400 rpm 100% 1400 rpm 10% 2300 rpm 100% 2300rpm
Item

THC CO PM NO, THC CO PM NO, THC CO PM NO, THC CO PM NO,
BDO+EGRO 125 018 154 021 018 032 0.098 433 154 376 045 2162 021 058 014 6.34
BDO+EGR20 098 014 129 015 014 050 0160 308 129 386 059 1932 015 123 041 361
BD5+EGRO 096 0.13 128 017 013 035 0.08 440 128 341 039 2219 017 054 011 6.31
BD5+EGR20 089 010 122 015 010 045 0.098 337 122 357 050 1971 015 111 026 355
BD20+EGRO 0.83 007 123 016 007 029 0.051 444 123 285 032 2309 016 044 0.07 6.12
BD20+EGR20 0.80 006 121 014 006 040 0.084 328 121 301 045 1947 014 095 015 356
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Table 9. Results of GHG emissions according to engine load and rpm. (Unit: g/lkW - h)
10% 1400rpm 100% 1400rpm 10% 2300 rpm 100% 2300 rpm
Item
CO, CH, N,;O CO, CH, N,O CO, CH, N,O CO, CH, Ny;O
BDO+EGRO 907.61 0.0249 0.350 63511 0.0035 0.245 1267.09 0.0308 0489 66360 0.0041 0.256
BDO+EGR20 92418 0.0196 0.357 639.20 0.0028 0.247 125797 0.0258 0486 677.65 0.0029 0.262
BD5+EGRO 926.52 0.0192 0.358 636.60 0.0027 0.246 1243.01 0.0256 0480 666.87 0.0034 0.257
BD5+EGR20 91505 0.0177 0.353 63491 00019 0245 125326 0.0244 0484 67232 0.0030 0.259
BD20+EGRO 90052 0.0166 0.348 63578 0.0014 0.245 126112 0.0246 0487 664.05 0.0032 0.256
BD20+EGR20 90448 0.0159 0.349 637.07 00012 0246 119991 0.0243 0463 67231 0.0029 0.259
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Fig. 8. CO, THC, PM results of ND-13 mode.
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Fig. 10. GHG emissions results of ND-13 mode.

Table 10. CO, THC, PM, NO,, GHG emissions results of ND-13 mode.

Item co THC PM NO, CH, N,O co,
BDO+EGRO 0.5696 0.1856 0.085 6.6523 0.0037 0.259 67171
BDO+EGR20 0.7668 0.1640 0.147 4.6624 0.0033 0.258 668.89
BD5+EGRO 0.5441 0.1605 0.074 6.7154 0.0032 0.257 666.71
BD5+EGR20 0.8085 0.1652 0.126 4.6703 0.0033 0.260 673.90
BD20+EGRO 0.4951 0.1456 0.064 6.7740 0.0029 0.256 663.41
BD20+EGR20 0.6889 0.1350 0.099 47826 0.0027 0.258 669.32
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