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Abstract

The purpose of this study is to perform comparative analysis of the effect of the different
fuel additives as polymer based-bio-solution, natural organic based-bio-solution and nano-titanium
metalloid (TiO,) compound on the performance parameters and exhuast emissions of a pickup
Diesel engine, operating on commercial Diesel fuel (D) and B5 palm bio-Diesel (95% D+5% palm
oil). The basic properties of the fuel blended with TiO, metalloid compound and bio-solution based
additives were measured according to ASTM standard. Engine performance of a pickup diesel
engine was inverstigated by testing on a chassis dynamometer with the simulation of road load
condition. It was found that TiO, based-additive is more effective for improving engine power than
pure Diesel and BS fuels by 8.43 % and 1.36 %, respectively. Meanwhile, with using TiO, additive,
the maximum engine torque on average increased by 1.01% and 1.53% in the wide range between
2,000 and 3,000 rpm as compared with Diesel and B5 fuels, respectively. The TiO, and natural
oragnic additives is significantly effective on Diesel fuel for reducing brake specific fuel
consumption reached by 13.58 % and 10.01 %, respectiviely as compared with pure Diesel.
Moreover, the exhuast emissions (NO,, CO, and CO,) decreased from the engine using the TiO,

additive in Diesel fuel and natural organic additive in Diesel fuel.
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Lﬁ@ V fl® Kinematic viscosity, cSt
C 9 Calibration constant of the viscometer, cSt/s
t A9 Mean flow time, s
B A9 Constant value for correction
T, Ao Testing temperature,®C
T, D Filling temperature,°C

M3197 2.1 MAINE 115U Cannon-Fenske capillary tube

Tube Number C value B value ( 1/°C)
75 0.00767 76x10°
150 0.03619 78x10°
200 0.0968 81x10°
300 0.02571 79x10°
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Axle load max. 2,700 kg

Weight max. 1250 kg

Dimensions (L x W1/W2 x H1/H2) 3539 x 718/930 x 450/725 mm
Roller length per roller 850 mm

Separation roller inner / outside edges 736 mm / 2438 mm

Roller diameter / axle separation 217 mm / 444 mm

Power supply 230V, 50/60 Hz

Max. test speed 200 km/h

Maximum engine standard power 260 kW

Max. traction 6000
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Specifications

Engine type

Displacement volume

Number of cylinder

Cylinder arrangement
Bore/stroke

Method of charging
Compression ratio

Maximum power (new engine)
Maximum torque (new engine)
Injection type

Cooling type

4-Stroke, 4-Cylinder, compression ignition
2982 cm’

4

Vertical in-line

96 mm/103 mm

VN Turbocharged

17.9:1

120 kW (163 hp.) at 3400 rpm.

343 Nm at 3200 rpm.

Direct injection common-rail
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FPS 2700/5500 V 1.08.001 (03,05 2005)
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Test method ASTM D445 ASTM D1298 | ASTM D93 | ASTM D92 | ASTM
D189
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regulation high
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Diesel (D) 3.22 0.823 68 98 0.0003
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D + Additive A 3.10 0.805 68 100 0.0004
D + Additive B 3.38 0.825 71 98 0.0002
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M990 V.1 MINageUANNKHIaAULANT

AU AR
and
OGS afsfinaaoy 151195 (ml) 181 (s) mm’/s

1 20 88.8

D 2 20 89.4 3.21
3 20 88.8

1 20 90
B5-POB 2 20 90 3.25
3 20 90

1 20 85.8

D+Additive A 2 20 85.8 3.10
3 20 86.4
1 20 93.6

D+Additive B 2 20 93.6 3.38
3 20 93.6
1 20 90.6

D+Additive C 2 20 90.6 3.28
3 20 91.2
1 20 91.8

B5+Additive A 2 20 92.4 3.34
3 20 92.4
1 20 85.8

B5+Additive B 2 20 85.8 3.10
3 20 86.4
1 20 87.6

B5+Additive C 2 20 89.4 3.19
3 20 88.2
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M9 V.2 MINATOUANND T UNIE

y . ANUDNIUNE
i - ATIN 1311915 (ml) P -
IFOINAY Nganni 15.6 °C

1 20 0.823

D 2 20 0.823 0.823
3 20 0.823
1 20 0.825

B5-POB 2 20 0.825 0.825
3 20 0.825
1 20 0.805

D+Additive A 2 20 0.805 0.805
3 20 0.805
1 20 0.825

D+Additive B 2 20 0.825 0.825
3 20 0.825
1 20 0.825

D+Additive C 2 20 0.825 0.825
3 20 0.825
1 20 0.834

B5+Additive A 2 20 0.834 0.834
3 20 0.834
1 20 0.825

B5+Additive B 2 20 0.825 0.825
3 20 0.825
1 20 0.820

B5+Additive C 2 20 0.820 0.820
3 20 0.820
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M3197 4.3 Mmsnadougany W uazyaaa i

vyl
Foina A (°C) aunds | gaaalil o) Aunag

1 65 100

D 2 68 68 98 98
3 70 97
1 74 101

B5-POB 2 74 73 102 101
3 70 100
1 67 102

D-+Additive A 2 70 68 100 100
3 68 99
1 73 97

D-+Additive B 2 69 71 98 98
3 70 100
1 70 98

D+Additive C 2 72 71 98 98
3 71 98
1 82 99

B5+Additive A 2 85 85 100 101
3 87 104
1 82 103

B5+Additive B 2 81 82 101 101
3 84 100
1 70 94

B5+Additive C ’ 7 73 » 95
3 75 97
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FOINAY 151105 1¥1iin Glass coking bulb vhwind sunaunin
Vi (2) AOUNATOY | HAINAFDL Ao 1) MSuoU

(Yowt)
D 1 11.8385 11.8429 0.0044 0.0003
B5-POB 1 11.7631 11.7690 0.0059 0.0005
D+Additive A 1 11.7571 11.7606 0.0035 0.0004
D+Additive B 1 11.6588 11.6621 0.0033 0.0002
D+Additive C 1 11.7571 11.7606 0.0035 0.0004
B5+Additive A 1 11.7571 11.7606 0.0035 0.0004
B5+Additive B 1 11.9429 11.946 0.0031 0.0002
B5+Additive C 1 11.6600 11.6652 0.0052 0.0004
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M990 V.5 NMINATOUMSALITNATDITUE

ANIGD fdauusnies eeud (hp)
50U D B5- D+ D+ D+ B5 + B5 + B5 +
m’%mausﬁ POB Add A Add B AddC Add A Add B Add C

(rpm)

1200 39.261 | 42.876 | 40.667 | 40.151 | 43286 | 43.629 | 41215 | 43.843
1300 46.839 | 48.974 | 48.144 | 47.670 | 49.555 | 49297 | 46.768 | 49.542
1400 53327 | 54.927 | 54.644 | 54327 | 56.093 | 54900 | 52723 | 55.049
1500 59.099 | 61.133 | 61.413 | 61.089 | 62.836 | 60.708 | 58.880 | 61.108
1600 66.665 | 68.209 | 69.034 | 68596 | 69.684 | 67.185 | 65.969 | 67.910
1700 75.179 | 76371 | 77.723 | 77.604 | 78.777 | 75.103 | 74.081 | 76.365
1800 85.299 | 86.195 | 86.994 | 87.195 | 87.575 | 84.966 | 83.773 | 85.977
1900 94.717 | 95.465 | 95375 | 96372 | 94.989 | 94.256 | 92.549 | 94.409
2000 | 103.058 | 103.555 | 102.540 | 104.182 | 101.254 | 102.403 | 99.885 | 101.688
2100 | 109.409 | 110.344 | 108.778 | 110.574 | 107.328 | 109.155 | 106.102 | 107.823
2200 | 116.141 | 116.890 | 115.140 | 117.081 | 113.642 | 115.934 | 112.876 | 113.976
2300 | 122.525 | 122,722 | 121.484 | 122.819 | 120.017 | 122.506 | 119.661 | 120.340
2400 | 127.875 | 128.858 | 127.090 | 128.064 | 125.475 | 128.150 | 125.493 | 126.407
2500 | 133.646 | 134.259 | 132.742 | 134.005 | 131.518 | 133.260 | 131.358 | 132.168
2600 | 137.955 | 140.014 | 138.436 | 139.669 | 136.952 | 138.816 | 137.283 | 138.064
2700 | 140.953 | 145.694 | 144.136 | 145353 | 142.715 | 144298 | 143.206 | 144.065
2800 | 142.968 | 150.800 | 150.282 | 151.373 | 148.878 | 150.036 | 149.925 | 149.093
2900 | 144.174 | 153.265 | 154.962 | 155.887 | 155.047 | 153.520 | 155.026 | 154.150
3000 | 145.374 | 153.646 | 157.233 | 157.749 | 159.718 | 154.818 | 157.261 | 156.890
3100 | 146.060 | 153.556 | 157.407 | 158.208 | 160.597 | 154.572 | 157.727 | 157.252
3200 | 146.869 | 153.330 | 154.584 | 157.905 | 159.758 | 153.393 | 156.56 | 157.175
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mmfs"s Lmﬁmﬂ%wuﬁ (Nm)
50U D B5- D+ D+ D+ B5 + B5 + B5 +
193 096UR POB | AddA | AddB | AddC | AddA | AddB | AddC
(rpm)
1200 | 236.344 | 260.328 | 247.087 | 243.070 | 264.607 | 266.781 | 251.370 | 267.075
1300 | 260.981 | 273.455 | 269.649 | 267.856 | 278.618 | 277.334 | 261.515 | 277.595
1400 | 273.569 | 284.210 | 284.068 | 282.613 | 292.961 | 284.585 | 273.306 | 286.902
1500 | 282.001 | 295.769 | 297.542 | 295.651 | 304.999 | 294.227 | 283.726 | 296.583
1600 | 298.468 | 308.561 | 313.561 | 311.260 | 318.739 | 304.690 | 298.812 | 308.242
1700 | 320.946 | 325.840 | 332.728 | 333.261 | 337.537 | 320.532 | 315.938 | 326.760
1800 | 341.975 | 348.934 | 352.628 | 353.140 | 354.477 | 342.733 | 338.091 | 347.291
1900 | 359.019 | 363.140 | 363.165 | 369.467 | 361.461 | 360.654 | 351.642 | 360.965
2000 | 370.060 | 375.329 | 369.498 | 378.112 | 365.349 | 368.645 | 360.421 | 367.994
2100 | 373.009 | 377.055 | 371.515 | 380.411 | 367.971 | 373273 | 363.777 | 370.949
2200 | 377.322 | 380.901 | 374.475 | 383.358 | 371.374 | 378.118 | 366.920 | 373.014
2300 | 379.801 | 381.911 | 377.031 | 382.548 | 372.208 | 380.927 | 370.800 | 374.656
2400 | 376.853 | 381.000 | 376.790 | 381.459 | 372.193 | 381.084 | 371.994 | 374.084
2500 | 377.283 | 380.197 | 377.160 | 381.041 | 373.948 | 379.565 | 373.297 | 375.109
2600 | 373.621 | 380.643 | 377.198 | 380.316 | 373.826 | 379.295 | 373.586 | 376.022
2700 | 365349 | 380.881 | 377.078 | 380.328 | 373.219 | 377.947 | 374.455 | 376.849
2800 | 355.488 | 379.403 | 378.098 | 381.622 | 375.382 | 378.322 | 377.550 | 375.849
2900 | 344.501 | 369.913 | 375.555 | 376.966 | 375.801 | 371.585 | 374.502 | 374.106
3000 | 334.757 | 356.682 | 366.330 | 367.765 | 373.308 | 360.644 | 366.499 | 365.963
3100 | 324.614 | 342.931 | 352.906 | 355.095 | 361.436 | 347.201 | 353.907 | 353.908
3200 | 315.644 | 330.654 | 333.311 | 344.128 | 346.122 | 331.579 | 337.690 | 341.073
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AN fdsiide (hp)
591 D B5- D+ D+ D+ B5 + B5 + B5 +
m’%mausﬁ POB Add A Add B Add C Add A Add B Add C

(rpm)

1200 | 27.859 | 31.425 | 28.867 | 28.876 | 31.458 | 32.103 | 30.686 | 32.280
1300 | 34313 | 36407 | 35200 | 35268 | 36.728 | 36.642 | 35.051 | 36.736
1400 | 39.662 | 41.281 | 40.537 | 40.633 | 41.836 | 41.085 | 39.816 | 41.157
1500 | 44261 | 46287 | 46.057 | 46294 | 47323 | 45599 | 44799 | 45.759
1600 | 50.437 | 52.039 | 52424 | 52.634 | 53.182 | 50909 | 50.614 | 51.510
1700 | 57.801 | 58.914 | 59.801 | 60.396 | 60.911 | 57.496 | 57.538 | 58.692
1800 | 66.671 | 67.475 | 67.763 | 68.752 | 68.445 | 66.091 | 65941 | 66.959
1900 | 74.843 | 75513 | 74.877 | 76.625 | 74.484 | 74.059 | 73318 | 74.152
2000 | 81.547 | 82.062 | 80.720 | 83.148 | 79.561 | 80.883 | 79.056 | 79.848
2100 | 86.739 | 87.504 | 85293 | 87.929 | 84.065 | 86.072 | 83.772 | 84.658
2200 | 91.896 | 92.441 | 90.040 | 92.905 | 88.786 | 91311 | 88.875 | 89.377
2300 | 96.668 | 96.990 | 94.778 | 97.352 | 93.576 | 96339 | 93.936 | 94.134
2400 | 100.637 | 101.123 | 98.756 | 101.147 | 97.694 | 100.587 | 98.135 | 98.108
2500 | 104.456 | 105.128 | 102.680 | 105.168 | 101.605 | 103.992 | 102.086 | 102.638
2600 | 107.188 | 109.242 | 106566 | 109.222 | 105.441 | 107.672 | 105.800 | 106.791
2700 | 108.240 | 113.292 | 110.610 | 113.375 | 109.530 | 111.573 | 109.769 | 110.896
2800 | 108.403 | 116.253 | 114.700 | 117.237 | 113.699 | 115.508 | 114.470 | 114.440
2900 | 107.808 | 117.055 | 117.371 | 119.835 | 117.788 | 117.04 | 117.396 | 117.446
3000 | 106,931 | 115.642 | 117.529 | 119.707 | 120.193 | 116.288 | 117.263 | 117.953
3100 | 105.448 | 113.58 | 115.510 | 118.101 | 118.920 | 114.029 | 115.368 | 116.249
3200 | 103.992 | 111.313 | 110413 | 115911 | 115.844 | 110.764 | 111.778 | 114.027
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ANIGD M3 veuNeusn lud (ppm)
591 D B5- D+ | D+ | D+ B5 + B5+ | BS+
m’%mauﬁ POB AddA | AddB | AddC Add A Add B Add C
(rpm)
1500 66.66 6.00 378.00 | 105.33 | 66.00 262.00 72.00 62.33
2000 | 104.66 | 933 | 12833 | 14.66 | 14.66 | 131.66 | 19.66 | 123.66
2500 | 133.66 | 29.66 | 185.33 | 31.00 | 26.00 | 17433 | 7433 | 207.66
3000 | 237.33 | 14033 | 364.00 | 134.66 | 55.66 | 332.00 | 153.66 | 317.66
A15197 1.9 Mm3naaeumsilassuaiumivonlasen lys
ANNIG) m3venlaeenlusa (ppm)
591 D B5- | D+ | D+ | D+ B5 + B5+ | B5+
1913 090UR POB | AddA | AddB | AddC | AddA | AddB | AddC
(rpm)
1500 281 | 023 | 230 | 027 | 027 2.88 0.41 2.70
2000 293 | 055 | 277 | 056 | 046 2.75 0.84 3.03
2500 333 | 075 | 343 | 083 | 0.77 3.23 1.62 3.26
3000 385 | 155 | 371 | 130 | 1.08 3.04 2.37 3.95
M3197 2.10 MInaaeumsdseuaiivean ladueslulasion
ANUG) oon lsdvoa luTasou (ppm)
591 D B5- D+ | D+ | D+ B5 + B5+ | BS5+
93 0oUA POB | AddA | AddB | AddC | AddA | AddB | AddC
(rpm)
1500 | 12930 | 576 | 8336 | 896 | 2126 | 82.83 10.16 | 104.33
2000 | 115.50 | 17.03 | 9430 | 15.03 | 2036 | 8233 | 26.56 | 95.70
2500 | 96.76 | 18.03 | 9493 | 17.10 | 2523 | 7026 | 30.86 | 81.20
3000 | 93.76 | 28.96 | 8593 | 24.50 | 31.63 | 78.53 | 59.36 | 74.53
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Exhaust Gas Analyzers
Ambient Temperature—
Atmospheric Pressure

Relative Humidity —

arp-edge
Orifice Plate
T < Air

Fuel Consumption

Manometer

Data Recorder

Vehicle Speed and Power

Display

Thermocouples

@%.

P
.
i

Air

Chassis Dynamo
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