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ABSTRACT

The objective of this study was to use 95% ethanol as a spark ignition engine fuel. The
engine wear also assessed. Test results were compared with those fueled with gasoline. Two
testing engines were the HONDA models GX160K1QT small gasoline engine. The first engine
used gasoline without modification and the second one used ethanol with little modification i.e. to
change main jet size in carburetor from No. 72 to No. 75 and adjust air choke to 25% openThe
engine wear was examined at a speed of 3000 rpm, a load of 1.2 kW, which half of the
maximuni bower and 450-hours running period. The engine wear could be evaluated by
examining the dimension of the engine components before and after the wear test.

The final Results of engine wear test showed that there was no significant difference for
both engines. In conclusion, ethanol can be a substitute of gasoline with a little modification of

the engine.
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Gasoline Light diesel Ethanol  Methano!
Chemical Formula (1) CeE N5 &, R C.H,OH CH,OH
Molecular Weight 114.8 148.6 46.07 32.04
Specific Gravity 0.72 - 0.78 0.84 - (.88 0.785 0.792
Oxygen content (wt%) ) - 34.8 50.0
Bailing Point ('C) 27.-235 188 - 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 (kJ/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)
Viscosity@ 40('C) Centipoise 0.5 1.45 0.83 0.46
Research Octane Number (RON)‘ 92 - 98 - 107 106
Motor Octane Number (MON) 80-90 - 89 92
Cetane Number <10 45-55 3 8
Stoichiometric A/F ratio 14.6 14.5 9 6.5

() = liquid phase. (a) =At 1 aim and 25 'C Jor liguid fuels.
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Parts of the Engine

Wear Phenomenon

1. Liners, Rings, Piston
2. Small end Bearing and Gudgeon
Pins

3. Connecting Rod and Main Bearings

4. Crank Journal and Crank Pin
5. Cams, Tappets, Value tip ends and

Rocker arms

6. Oil Pump

7. Injection Pump and Injectors

Metal to Metal wear, Corrosive wear

and Abrasive wear
Fatigue wear , Corrosive wear and
Abrasive wear

weér, " Corrosive

Fatigue wear

(depending upon the alloye abrasive
wear) and Corrosive wear due to small
Solid Particles

Corrosive wear and Abrasive wear

Fatigue wear, Abrasive wear and
Corrosive =~ wear (in low temperature
conditions)

Mainly abrasive wear
Mechanical wear, Erosive wear (with or
without solid particale) and Abrasive

wear
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33 HANTNAROUTNIIOUZUDUATDIUS
¢ A ¢ o P~ o P
MINATDUANTTOULVOUATDITUA (T UNMTNATDUNAMMS MFeU 1500 ~4000 rpm
R o 2 8 A gy
MITNUAUN (Full load) TagnsnaaauazilaauLs (Throttle valve) (BIUN Tdmamsnaaou

Ed
v A
SN

A 4 o
3.3.1 43591RUPAUATDI8US (Torque )

A v *

Torque (N.m)
(MY) Jamod

% P-Gasoline X P-Ethano!

1500 2000 2500 3000 3500 4000

Speed (rpm)

P ‘ . = o w A 4
719 3.7 navnaasus ialaz MaINUUBAATEIUUG

. 1 . A g = 4 ot 4 =
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o - & g vy 4 a A y 4
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A =5 . ' a A W Y a .
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P =1 = o M 1 a & 4'4 s oy =% Y
Torque) NN ITOUABINUADY ST 2000 TRUSOUIN FuaTessuaunsd laduazln
o A o V1
9.442 N.m luvziinTosoumenIuealia 9.320 N.m
A =t = ' A g a & '3 < Y1
dlonfSouieusezn aunTessuaune ladunazinTossudionIuen azmiu ldn
4' 4 Y1 a ‘; 1 & d o =) a . & 1
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naaey i ldidumsoaRoaduiehldnunasguveunseses lunhduuazenfiaunnly
- o :zl 9 =Y [V P d A 9 .: LA £l
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o @ Y o
3.3.2 MAINULIAVDUATBIBUA (Brake Power)

1 & g o w M P 4 a
v lugld 3.7 sudlunsilSeusuiidsnusaveuniosouan 1 fifomas
o - ) g Y1 A ¢ o VI o w
una lrauuazenINea ANAMINATRUALITY 1A RS Basuanaaaa IR A M IdsnuTa
. 1 ] 1 4 t4
§99A (Maximum Brake Power) 8gNA2113350U521% 3,000 s0UR0UN Taem3oiun
o o ¥ o A s Y1 o
ppalwauldan 2543 kw  luvsszfiwSossuaemusaldal 2,504 kW anyuEmMI
Lﬂaﬂuuﬂadmmammsﬂmummssasammmﬁawuwmmsmﬁaumﬂmﬂwumﬁ
v
Lﬂaﬂuuﬂaﬂuaﬂymwmmﬂuﬂamﬂﬂmmmmumﬁﬂ 1,500 s0UADUINIZADY 9 iy
8
danmuareudiuiy uazilz"lﬂqqqﬂwmmmsauﬂﬁzmm 3,000 SEUADUIT HaeeINTY
o a 4 Cd=d q’/’ y 4 U
AEINUIUTAYBUAT DEUANIZANEY NaTltluMAIau191AA1 Friction power losses ¥4
A s A £ A d A @ & 1
193 04UUANL IV UIDANNIT ITOVVDUAT BIUUANUTIVY
d‘ =) =% o @ 1 P ¢ o = 4 Ca q’:
WanlSuuMeuMAIUDITA  TENINUATEUALAT [HAULAZIAT 0 IUADNIUBATI
o Yy A 4 Y1 o w PR ' 2 g o = =
zmiu launsoseudiemusag Iiamdsnuusandininasesousuna lvdu Asdszuin
& (=Y 1 T @ e I~ v = v w 1 =Y
1-2%  Fadonumsuana e lndn - Feenneziusaunnamam At Ui U s ide

A '
VDU IDIYUA

@ a’l g a o 4 4 p .
3.3.3 99313 8D UYINE I8 11U UATEIEUA  (Brake SpecificFuel Consumption)

0.650 @ bsfc-Gasoline bsfc-Ethanol /4A 24.000

© bsec-Gasoline X bsec-Ethanol

0.600

0.550

0.500

BSFC {kg/kW.hr)
Gy /M) 0359

0.450

0.400 14,000

0.350 12,000

0.300 - 10,000

1500 2000 2500 3000 3500 4000
Speed (rpm)
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4 % - Py P A s a v
in3pasuAeMUBalANNTUlAvunnInaTouauna ladulszia 30-50 % Tl
4 Py v vds 1 A a9 oo o 9y
esnnniemduemusalmanuioulumsen lndndnniFemdunaledy v
v I Yo dy a o oA Y Y [ Y
Tumswn Inddsaldfrunudomamnniuie 19 ldamasaueenuuminy
. 2a L, 4 edy d N
1NN MBRsIMsTuasusemas iz veunietuanitosiga (Minimum
. . ¥ a’z vt I 1
Specific Fuel Consumption) U83R38uUATNIABINZOENANWTITOUTZNIW 2,500 SOUAD
o & A Jd o a4 A oA [ a
U FupTeseuAuNd lwaulia1 0364 kgkW.hr lusnizfinIsoudenIUeaia1 0.470

~

kp/kKW.hr

o g & o y ¢ . .
334 amwmiamﬂﬁmwawmwwwmmm%’mﬂuﬂ (Brake Specific Energy Consumption)

mnﬂﬁwyﬁ' 3.8 Saflunmisoufisusanmaudasnasausimnsuas
iiesnudilfifomdsuialofuuaziamuosfinnnaniisauds o Gefnsasmsiusies
WA T LA 89 UG T HAR LN A R BINAIIHA NN FON BT DINES T
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wisnwanudawilunwldvontainds fagandeilindsnuanudeuiiteanilums
Wasulunudiiniudosiini i >
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X
335 A58 IUDINIAADLED waaﬂummmdm (Air/Fuel Ratio)

y s ¢ Gasoline & Ethano!
(K23 T 1‘.5 . § ) _»—y———'—-—_—_——__..__.
i2 - .
o
[V
b
11
10 R
B .
- i . 24
O BRES as 1% W
2
1500 2000 2500 3000 3500 4000

Speed {rpm)

~ o il v g = 4 J
717 3.9 NFLARIINT 1A TUBIMIAADIT NG B IR TOITUA
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SR umfsusnitnessuduialaiuuaseiosnudionnasaziinled
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1. CYLINDER LINER

nmark

Y

X T T T I 3 T
l | l
B ) 2 3 4 3 6
Y Ll

" Distance from the top

Distance (mm) 5 15 30 50 70 80

Standard Dimension (mm) 68.00

New Engine 68.01 68.01 68.01 68.01 68.01 68.01

X-X Gasoline Engine | 68.07 68.06 68.05 68.04 68.03 68.03

Ethanol Engine | 68.05 68.05 68.05 68.02 68.00 68.00

New Engine 68.01 68.01 68.01 68.01 68.01 68.01

Y-Y Gasoline Engine | 68.04 68.04 68.04 68.03 68.04 68.04

Ethanol Engine 68.03 ©68.02 68.02 68.02 68.03

New Engine 68.01 68.01 68.01 68.01 68.01 68.01

A-A Gasoline Engine }.03 68.04 68.04 68.04 68.03 68.03

Ethanol Engine | 68.02 68.02 63.02 68.01 68.01 68.02

New Engine 68.01 68.01 68.01 68.01 68.01 68.01

B-B Gasoline Engine | 68.05 68.05 £8.04 68.04 65.04 68.05

‘ Ethanol Engine 68.03 68.03 68.03 58.02 68.02 68.03

YLINDER GAUTE vis

!
e Y R @A
WL AT LN 100 mimoenen

i d ldJ

(N - S AN TN A Y N
' :f,‘f::;i t\\:’u. U ;dﬂirl/\b-lju\bi\



2. PISTON

47

5 6
Standard Dimension
g 67.98
(mm)
New Engine 6756 | 67.56 | 67.18 | 67.82 | 67.95 | 67.97
Parallel Pin | Gasoline Engine | 67.69 | 67.68 67.16 | 67.90 | 67.92 | 68.00
Ethanol Engine 6769 | 67.69 | 67.21 | 67.93 | 67.99 | 67.98
New Engine 6756 | 67.56 | 67.17 | 67.80 | 67.93 | 67.96
Right Angle
Gasoline Engine | 67.68 | 67.68 67.18 | 67.73 | 67.87 | 67.94
Pin
Ethanol Engine 6768 | 67.70 | 67.21 | 67.89 | 67.90 | 67.87

aa9iiaYa - VERNIER DIGITAL %@ 0-150 mm aauaztdse  0.01 mm

(Serial No. : 5A04704)(5-10-007)



3. PISTON PIN HOLE

R R i B s

Standard Dimension

@ 18.002
(mm)

New Engine 18.015 18.016 18.014 18.014
X-X Gasoline Engine | 18.020 18.019 18.025 18.026

Ethanol Engine | 18.027 18.025 18.0_28‘ 18.027

New Engine 18.015 18.016 18.014 18.014

Y-Y Gasoline Engine | 18.018 18.018 18.025 18.024
Ethanol Engine | 18.018 18.025 18.025 18.025

\3898810 : CYLINDER GAUGE %38 BORE GAUGE 1%1@ 18 - 35 mm fnany
azl889  0.001 mm
(Serial No. :099361) (5-17-004)
: DIAL INDICATOR 2u1@ 0 - 1.000 siannuazidea 0.001 mm
(Serial No. :100658) (5-13-011)



4. PISTON PIN

mark

Y
1 2 3
Standard Dimension
218.000
(mm)

New Engine 17.999 17.999 17.999

X-X Gasoline Engine 17.997 17.998 17.998
Ethanol Engine 17.999 17.999 17.999

New Engine 17.999 17.999 17.999

Y-Y Gasoline Engine 17.998 17.999 17.999
Ethanol Engine 17.999 17.999 17.999

Wiaaliada - MICRO DIGITAL 2@ 0 —25 mm fneuazidee  0.001 mm

(Serial No. :9313455) (5-11-048)

49



S. PISTON RING

50

thiokqess
- // ‘ width
hi —
Thickness
' Standard
Diamension 1 2 3 4 5
i (mm)

New Engine 1.447 | 1445 | 1447 | 1.442 | 1.442
1" Gasoline Engine 1.500 1449 | 1446 | 1449 | 1449 | 1.450
Ethanol Engine 1.463 | 1.464 | 1461 | 1461 | 1.461
New Engine 1.442 1 1.444 | 1441 | 1.440 | 1.442
2nd Gasoline Engine 1.500 1464 | 1463 | 1464 | 1462 | 1.463
Ethano! Engine 1449 | 1451 | 1453 | 1450 | 1.451

wdasilada - MICRO DIGITAL 2% 0 —25 mm feuazldea  0.001 mm

(Serial No. : 9313455) (5-11-048)




T s o L I,
WRRR 2T T

e T

Width
Standard N
Diamension 1 2 3 4 5
(mm)
New Engine | 2767 | 2.857 | 2.817 | 2.835 | 2.804
1" Gasoline Engine - 2873 | 2862 | 2.817 | 2.820 | 2.872
Etnanol Engine | 2.814 | 2.811 | 2.847 | 2.855 | 2.801 |
New Engine | | 2.823 | 2.846 | 2787 | 2.836 | 2.810
2" | Gasoline Engine | - 2.909 | 2.908 | 2.839 | 2.938 | 2.882
! Ethanol Engine j 2.839 | 2.827 J 2.804 | 2842 = 2848 !
gﬂj’_j__m ! PROFILE PRGJECTOR. 418~ 0= 50 mm (N X, UWNU Y) f1917Y
sziBua  0.001 mm

(Serial No.

!

54y (5-24-001)



Ring Gap

Standard
Diamension
(mm)
New Engine
* | Gasoline Engine 0.2-04
Ethanol Eﬁgine 0.32
New Engine 0.3
e Gasoline Engine 02-04 0.40
Ethanol Engine 0.32 4

\3a9fiatn : FILLER GAUGE #38 THICKNESS GAUGE 2#1¢- 0.01 — 0.10 mm
@Wafild 0.10,0.07, 0.06, 0.04 uaz 0.03 mm) (Code No. :5 - 15 - 003)



6. CONNECTING ROD

mark

azldu® 0.01 mm

(Serial No. : 139061) (5-17-009)

- DIAL INDICATOR 911@ C - 10.0 mm

(Serial No. 1P1257) (&1

FENEIALS N
Ui

B Crank Pin Metal Piston Pin Bush
| : A B C D E
Standard Dimension
@ 30.02 @ 18.02
(mm)
1 New Engine 30.03 30.03 30.02 18.03 18.02
Gasoline ngine 30.11 30.06 30.10 18.02 18.02
Ethanol Engine 30.10 30.07 30.11 18.03 18.02
New Engine 30.03 30.03 30.02 18.02 18.02
2 Gasoline ngine 30.10 30.06 30.09 18.03 18.02
Ethanol Engine | 30.12 30.07 30.10 18.03 18.03
L3a9iiata - CYLINDER GAUGE w38 BORE GAUGE 2w1@ 18 - 35 mm @177

AANURZLBE® 0.01 mm



54

7. VALVE

_ _ S
E
Y
IN EX
£ e i WS 1 2 3 1 2 3
Standard Dimension
J 5.480 @ 5.440

(mm)

New Engine 5.469 5.469 5.470 5.428 5.429 5.430

X-X Gasoline Engine | 5.469 5.468 5.468 5.434 5.430 5.435

Ethanol Engine 5.469 5.468 5.470 5.432 5.434 5.433

New Engine 5.469 5.470 5.470 5.428 5.430 5.430

Y-Y Gasoline Engine | 5.468 5.468 5.469 5.436 5.431 5.435

Ethanol Engine 5.469 5.469 5.470 5.432 5.433 ‘5.436

wiasfiata : MICRO DIGITAL 216 0-25 mm A1auasidua  0.001 mm
(Serial No. : 9313455) (5-11-048)



8. VALVE

RECESSING

Standard i
Dimension 1 2 3 4
(mm)

New Engine 0.704 0.662 0.618 0.679

IN Gasoline Engine 0.800 0.631 n.582 0.588 0.599
Ethanol Engine 0.659 0.576 0.721 0‘767_—\
New Engine 1.263 1.254 1.277 1.281 |

EX Gasoline Engine 1.199 g 1.220 1.187
Ethanol Engine 1150 1.168 1.175 1.186 |

11018079 : PROFILE PROJECTOR 1@ 0=50 mm (AW X , A% Y) Anan

azde@  0.001 mm

(Serial No. : 80054) (5-24-001)



9. VALVE SPRING

;
)
'
)
:
|

Standard IN EX .
Dimensiog New Gasocline | Ethanol New Gasoline | Ethanol
(mm) Engine Engine Engine Engine Engine Engine
1 30.57 30.27 30.15 30.57 29.79 30.35
2 - 19.77 19.92 19.79 19.86 19.80 19.79
3 - 16.21 16.28 16.16 19.76 16.29 16.13
4 - 16.26 19.82 19.70 19.85 19.88 16.77

\5848la%@ - VERNIER DIGITAL

(Serial No. : 5A04704) (5-10-007)

P19 0 —150 mm A1eNURLAE®  0.01 mm




10.__CRANK

SHAFT
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]
/
- Crank Pin Journal Oil Ring
T 1 2 3 4 5
Standard Dimension
@ 29.980 2 -
(mm)
New Engine 29.976 29.975 29.975 24.980 24.983
X-X Gasoline Engine | 29.971 29.975 29.972 24.986 24.964
Ethanoi Engine 29.971 29.972 29974 *24.988 24.973
New Engine 29.969 29.969 29.970 24.980 24978
Y-Y Gasoline Engine | 29.972 29.972 29.975 24.985 24.962
Ethanol Engine 29.977 29.976 29.976 24.989 24.973
w3asdada ;

ﬁ}ﬂﬁ 1,2 Az 3

a;ﬂﬁ 4 4Ry 5

(Serial No. :1236032) (5-11-051)

(Serial No. : 9313455) (5-11-048)

: MICRO DIGITAL 1341@ 25 — 50 mmfi1auazL88q0 .001 mm

: MICRO DIGITAL 2190 — 25mm f1AUazL889 0.001 mm




11 CAM St

AFT

F§
N r i
3 ! ;
1 i | i 6
J y_ vy Yy 3 |
Y ¥ i
X X e
Y
N
N
N EX IN
\\'\\
o
N
: H i
1
Standard Dimension
- 13.984
(mm)
New Engine
X Gasoline Engine 13.981 13.974
Ethanol Engine 13.944 13.974
New Engine
Y Gasoline Engine 13.976 13.973
Ethanol Engine 13.973 13.974
1A3898979_ : MICRO DIGITAL 2318 0 -25 mm f1euasdon  0.001 mm

(Serial No. :8313455) (5-11-048)



EX IN

Standard Dimension (mm) - .

New Engine 21.991 | 21.994 22.036 22.038

22.047 21.997 22.033
Gasoline Engine 22.047

Ethanol Engine 22.043 | 22.047 22.000 22.008

Standard Dimension (mm) 27.750 27.700

New Engine 27726 | 27.725 27.677 27.679

Gasoline Engine 27.742 | 27.746 27.687 27.690

Ethanol Engine 27.742 | 27746 27.691 27.695

. MICRO DIGITAL aw@ 0-25 mm ﬂ'wm’mau?}m@ 0.001
(Serial No. :9313455) (5-1-048)

© MICRO DIGITAL 216 25— 50 mm f1ansdazidya  0.001 mm

(Serial No. : 1236032) (5-11-051)



12. CYLINDER COVERS

“ ‘ 1 2 3 4
Standard Dimension
(mm)
New Engine 0 0.01 0 0.01
Gasoline Engine 0.02 0.02 0.01 0.01
Ethanol Engine 0.01 0.01 0.01 0.01

1A389000

1. ldussawman (M BEVEL PROTRACTOR)
(Serial No.: CL1014)

60

2. FILLER GAUGE w38 THICKNESS GAUGE 2119 0.01 - 0.10 mm
5 — 15 — 004)

(Code No. :
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