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Abstract

The main objective of this project is to study the possibility of using ethanol as an alternative
fuel in both of injector and carburetor motorcycle engines; the modified engine for ethanol was
established. One disadvantage of ethanol fuel is the high heat of vaporization that effect to poor
vaporization and too lean mixture. The electric heater will be installed at intake manifold to warm
the inlet air and the case for compression ratio increased. The results show almost same
performance in acceleration when using gasoline or ethanol. When using ethanol fuel, emissions are
lower and thermal efficiency is highef under the condition of modification of the conventional

gasoline engine. Using an ethanol fuel in motorcycle engine is a possible choice.
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A15197 5.1 M raasnaauifveuFaINGs (Characteristics of Fuel)

Gasoline  Light diesel Ethanol Methanol
Chemical Formula () Cy o655 Costiss C,H,0H CH,OH
Molecular Weight 114.8 148.6 46.07 32.04
Specific Gravity 0.72-0.78 0.84-0.88 0.785 0.792
Oxygen content (wt%) - - 348 50.0
Boling Point o) 27-225 188-343 78 65
Freezing Point ("C) -40 (-40)-(-1) -114 -97.5
Reid Vapor Pressure (kPa) 55-103 - 16 32
Higher Heating Value (kJ/kg) 47,300 44,800 29,700 22,700
Lower Heating Value (kJ/kg) 44,000 42,500 26,900 20,000
Heat of Vaporization (k)/kg)™ 305 270 840 1,103
LHV of Stoich. Mixture (kJ/kg) 2,830 2,740 2,690 2,680
Specific Heat (kJ/kg.K)
Liquid 24 2.2 25 2.6
Vapor C, ~1.7 ~1.7 1.93 1.72
Viscosity@ 40 °C
Centipoise 0.5 1.45 0.83 0.46
Research Octane Number (RON) 92-98 - 107 106
Motor Octane Number (RON) 80-90 - 89 92
Cetane Number <10 45-55 3 8
Stoichometric A/F ratio 14.6 14.5 9 6.5
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= ¥ d U
n.1 %’ayammsﬂm’ranammuxsmzmwymmm?amumznumﬁﬂmnquﬁ"m

a g =Y d
2aNNIDUNA
e Power (kW)
RPM Gasoline Ethanol(M) Ethanol:©
3000 1.1 1.2 1.2
4000 1.7 1.8 1.8
5000 2.1 2.2 2.3
6000 2.2 24 2.5
7000 2.1 2.1 2.3
8000 1.5 1.6 1.6
e Torque (N-m)
RPM Gasoline Ethanol(M) Ethanol:©
3000 3.50 3.82 3.82
4000 4.06 4.30 430
5000 4.01 420 4.39
6000 3.50 3.82 3.98
7000 2.86 2.86 3.14
8000 1.79 1.91 1.91




e Fuel Consumption (g/min)
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RPM Gasoline Ethanol(M) Ethanol:©
3000 17.07 24 24.6
4000 24.2 31.9 31.2
5000 28.86 38.8 38.8
6000 34.03 46.7 444
7000 40 59.3 54.2
8000 41.25 64.8 64.8
® Brake Specific Fuel Consumption (g/kW-hr)
RPM Gasoline Ethanol(M) Ethanol:©
3000 931 1309 1342
4000 854 1126 1101
5000 825 1109 1109
6000 928 1274 1211
7000 1143 1694 1549
8000 1650 2592 2592
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e Brake Specific Energy Consumption (kJ/kW-hr)

e Lamda

RPM Gasoline Ethanol(M) Ethanol:©
3000 40968 34953 35827
4000 37581 30061 29401
5000 36281 29599 29599
6000 40836 34006 32331
7000 50286 45237 41347
8000 72600 69206 69206
RPM Gasoline Ethanol(M) Ethanol:©
3000 1.082 1.103 0.972
4000 0.945 1.088 1.004
5000 0.932 1.048 1.001
6000 0.841 0.945 0.877
7000 0.844 0.855 0.837
8000 0.859 0.829 0.813




e Intake Temperature (° C)

&
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RPM Gasoline Ethanol(M) Ethanol:©
3000 14 24 24
4000 13 24 24
5000 12 23 23
6000 10 23 23
7000 8 23 23
8000 8 23 23
e Exhaust Temperature (° C)

RPM Gasoline Ethanol(M) Ethanol:©
3000 436 422 403
4000 509 490 481
5000 560 542 536
6000 580 571 565
7000 606 585 581
8000 635 602 594
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e Carbon Monoxide

RPM Gasoline Ethanol(M) Ethanol:©
3000 5.1 3.82 5.37
4000 6.12 3.58 491
5000 5.52 3.56 4.51
6000 7.03 4.67 6.04
7000 7 7.18 7.14
8000 6.23 79 8.11

e Carbon dioxide

RPM Gasoline Ethanol(M) Ethanol:©
3000 8.2 8.9 9.7
4000 9.3 9.5 9.7
5000 10 10.4 10.3
6000 10.2 11.2 11.3
7000 104 9.9 10.9
8000 11.1 9.6 10.4




e Hydrocarbon
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RPM Gasoline Ethanol(M) Ethanol:©
3000 224 201 100
4000 168 199 102
5000 152 181 105
6000 169 170 115
7000 146 167 126
8000 145 163 111
¢ Nitrogen oxide
RPM Gasoline Ethanol(M) Ethanol:©
3000 619 448 385
4000 695 439 356
5000 998 614 551 |
6000 842 610 531
7000 871 146 366
8000 958 58 185
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A 3 ¢ d ¢
n.2 i’fagawammﬂﬁauﬁmmuzamzuawysumm?awumzvumsymms

® Power (kW)
RPM Gasoline Ethanol(M) Ethanol:©
3000 1.56 1.82 1.82
4000 2.21 2.34 2.6
5000 2.86 3.12 3.25
6000 3.12 3.51 3.64
7000 2.86 3.25 3.25
8000 2.08 2.47 2.6

o Torque (Nm)
RPM Gasoline Ethanol(M) Ethanol:©
3000 4.97 5.79 5.79
4000 5.28 5.59 6.21
5000 5.46 5.96 6.21
6000 497 5.59 5.79
7000 3.90 443 4.43
8000 2.48 2.95 3.10




e Fuel Consumption (g/min)
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RPM Gasoline Ethanol(M) Ethanol:©
3000 14.6 26.2 24.5
4000 22.7 38.7 38.1
5000 28.6 50 48.5
6000 33.8 59 55.4
7000 36.8 64.5 62
8000 36.6 65.7 64.5

e Brake Specific Fuel Consumption (g/kW-hr)
RPM Gasoline Ethanol(M) Ethanol:©
3000 730 1123 807.69
4000 801 1290 879.23
5000 780 1250 895.38
6000 845 1311 913.19
7000 1004 1548 1144.62
8000 1373 2075 1488.46
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® Brake Specific Energy Consumption (kJ/kW-hr)

RPM Gasoline Ethanol(M) Ethanol:©
3000 32120 29980 21565
4000 35252 34443 23475
5000 34320 33375 23907
6000 37180 35007 24382
7000 44160 41332 30561
8000 60390 55395 39742
e Intake Temperature (° C)

RPM Gasoline Ethanol(M) Ethanol:©
3000 31 19 15
4000 24 16 13
5000 22 14 12
6000 20 13 12
7000 20 13 12
8000 22 13 12




e Exhaust Temperature (° C)
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e Lamda

RPM Gasoline Ethanol(M) Ethanol:©
3000 385 366 314
4000 447 418 358
5000 498 459 393
6000 543 486 433
7000 580 522 512
8000 618 556 539
RPM Gasoline Ethanol(M) Ethanol:©
3000 1.282 1.276 1.291
4000 1.148 1.113 1.041
5000 1.023 0.948 1.012
6000 0.932 0.897 0.916
7000 0.869 0.833 0.806
8000 0.847 0.836 0.781




e Carbon Monoxide
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RPM Gasoline Ethanol(M) Ethanol:©
3000 5.1 4.77 448
4000 6.43 6.59 7.2
5000 7 8.56 7.43
6000 7.14 8.46 7.64
7000 7.14 8.67 9
8000 6.78 8.35 9.47
o Carbon dioxide

RPM Gasoline Ethanol(M) Ethanol:©
3000 5.6 6 6.2
4000 5.6 5.2 5.6
5000 6.6 6.5 5.9
6000 7.9 6.7 7.1
7000 9 7.6 7.6
8000 9.8 7.9 7.7




82

e Hydrocarbon
RPM Gasoline Ethanol(M) Ethanol:©
3000 145 215 232
4000 123 209 177
5000 122 198 227
6000 133 251 182
7000 113 198 154
8000 113 176 151
o Nitrogen oxide
RPM Gasoline Ethanol(M)
3000 252 310
4000 182 19
5000 302 53
6000 483 65
7000 683 83
8000 900 94
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3
o JoyaFoINAUUTY

Temp ‘Starting time (sec)
Fuel
Oil Surrounding 1 2 3 Mean
25 25 0.9 1 0.8 0.9
20 20 0.9 0.9 1.1 0.96
16 15 0.8 0.9 0.8 0.83
EO 11 10 0.7 0.6 0.9 0.73
5 5 0.9 0.7 0.9 0.83
0 0 1.2 1.3 1.4 1.3
-2 -2 1.1 1.4 1.3 1.26
. %’@y,aﬁymwﬁmmuaa
Temp Starting time (sec)
Fuel
Oil | Surrounding 1 2 3 Mean
25 25 1 1.3 1.2 1.16
20 20 1.1 1 1.2 1.1
16 15 40.9+1.3 | 48+1.3 20+1.6 -
EO 11 10 - - - -
5 5 - - - -
0 0 - - - -
2 ) - - - -
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Fuel

Surrounding

(Starting Time)

2

3

Mean

Ethanol

25

13

1.2

1.2

20

1.1

1

1.2

1.1

15

40.9+1.3

48+1.3

20+1.6

10

x > 60 sec

X

X

Ethanol
with
heater

at 40°C

25

20

15

10

10+2.6

10+2.4

10+1.5

11.95
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8
o JoyairoMBuLUTY

Temp Starting time (sec)
Fuel
0il Surrounding 1 2 3 4 5 Mean
25 25 0.8 0.7 0.6 0.7 0.7 0.7
20 20 0.8 0.7 0.6 0.6 0.6 0.66
16 15 0.8 0.7 0.7 0.6 0.6 0.68
EO 11 10 0.7 0.8 0.6 0.7 0.6 0.68
5 5 0.9 0.8 0.7 0.7 0.7 0.76
0 0 0.8 0.9 0.9 0.8 0.7 0.82
-2 -2 13 1.1 0.9 0.9 0.8 1

8
o Joyniromauonuen

Temp Starting time (sec)
Fuel
Oil Surrounding 1 2 3 4 5 Mean
25 25 0.8 0.7 0.6 0.6 0.5 0.64
20 20 0.8 0.8 0.7 0.6 0.7 0.72
15 15 0.6 0.7 0.7 0.8 0.7 0.7
E100
10 10 0.8 0.7 0.7 0.6 0.7 0.7
5 5 3 2.2 14 0.8 0.9 1.66
0 0 32 34 24 0.9 0.9 2.16
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3. AITUIMINAAIINIUDA

4
a 1o o
ATEUIUNITHAR mmmum;ﬂu 3UUADU ﬁ’i)

Cassava flour
Water and alpha-amylase angyme

1

Liguiticaticn
{9095 9C, pH 4-4.5) 4G0mpm

1

KRaccharification

{55-65 °C, pH 4-4.5)
Glucosidase ennimog

Conling
{3033 °C)

1

Fermenter

{Yeas? added) {Carbon doxide vut)
Distitlation
Feed recovery

Efhanol

Mrnaaslnsaas 1 HTUAaUMIHGR

4 3
(1) FunoUM3IAS I TAQAY (Preparation of Feedstock) Fadudulszinnudanomag lne
z Y ] 1 T =] Y osl ' b4 Y =)
Tazdeuildiunszuaumssesutlinioag laaldifuhmaneu Aremsldnsanie
¢ A [ o @
ou lsilifedfvanududuliminzaundrannsah ldwinld
:l’ L4 - d' o"
(2) $uapUAs IR (Fermentation) ifunszvammsilasuiniang Ind (Glucose) lihiu
ar SAA 1 ; a =4 a aaa A 3’
enuea Tnsedaouluintioglugegdunsdmusssuana Ugnsomanlasuhnanglna
< {2 < o § a ¢ 1 ; o
Y)iduemuea msuldewihmalfiduteanssediuz1didoqaunsd doulngezlddadnld
o o A 4 o ' 2 o = 4
§nsundaemueadsdaoy1ungy Saccharomyces Hvszinimwlumsn/asuihmanglaa
I~ { 3 ] a 1
Taifluonealuantizi ph msendng 3.0 S 5.0 gungiisznine 80-90°F uaziianududu
4 s 9 Ed
YONIAATIHAN 16 — 22% TasdSinas Wailszezna luniskiaemuea wiuegiviliua

y
Yo3oaAN 14



94

Yeast have o vasiation on the theme

H,~C-~0OH

CH3

NBH NADA

¥ v
3) JURBUMINAU (Distillation) L‘]cjuﬂiz‘ll')uﬂ'liiﬁﬂ')’lll%@uiuﬂ'ﬁLwﬂl@ﬂ'luﬂﬁ@@ﬂﬂ'lﬂ
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