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ABSTRACT

The Effect of Ethanol Mixing Rate on the Exhaust

Emissions and Performance of a Gasoline Engine

Hong-1I Park

Department of Mechanical Engineering, Graduate School
Korea Maritime National University

Busan, Korea

(Supervised by Professor Kweonha Park)

Rapid growth of automobile industry has become a major reason for energy
consumption and environmental pollution around a large city seriously.

Saving energy greatly effects on the countries that do not have energy sources,
so saving energy and varying energy source are demanded.

As the one of the measures for saving energy of varying energy source, the
technology using alternative fuel has been developed.

There are some alternative fuels such as ethanol, methanol, natural gas,
electricity, hydrogen, alcohol which can be substitute for gasoline or diesel fuel.
Ethanol is interesting as a fuel of automobile, because it is able to be used without
retrofitting conventional gasoline engines. Therefore, ethanol must be considered as a

fuel of automobile by the countries not having sufficient fuel source.

- vii -



Methyl Tertiary Butyl Ether (MTBE) used for increasing Octane nmber of
gasoline and increasing oxygen content becomes a current issue.

Nevertheless, MTBE has a big problem for causing to another environmental

pollution widely. Therefore, an alcohol fuel is expected as a substitute fuel for
MTBE.
In this study, the effect of ethanol mixing rate on exhaust emissions, fuel
consumption rate and engine torque is tested in a gasoline engine without any
retrofit. mixing rate is varied from 0% to 85% and engine speed and torque are
also varied.

The result show ethanol mixing rate of 10 to 15% is considered as a suitable
range in order to use the fuel without any retrofit. Maximum torque 1is
decreased with mixing rate increase, but the torque shows similar value is the
range of 10 to 15%. The values of CO, HC emission and fuel consumption are

similar or slightly increased except the range of 10 to 15%.
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Table 2.2 EPA Simple model for reformulated gasoline standard

Components Contents

* Benzene * 1.0 volume % maximum

Volatil * 7.2 psi vapor pressure in class B areas
* Volatility . .
* 8.1 psi vapor pressure in class C areas

i ) * Capped at the average values of the
+ Sulfur,olefins,90%point ) )
refiner's 1990 gasoline

+ NOx *« No net increase

+ Oxygen * 2.0 weight % minimum year round




NAE Clean Air Act FA¢tol+= T3 anti-dumping Z%o] ¥ FHQ11 BE

WO TES ALE AASES sk vk e 19959 FE AlEE = ZbEY

AnFAzdel HAL PAY 5 At WA ASE 27T gom oRe
AxA% F7) W2 HHBE FA 22U 5 9 Aoz dysta

e
Table 2.3 19903 7HA ¥ Clean Air Act W&S A7 s 0w, Table 24 & A
T2 vgo A AlEE = dEAS 7HEHY AE ool 18]a, Table 25%

Feuete] @8 ATA dsqtAold

Table 2.3 Amendment Clean Air Act rules in 1990

Oxygenated Gasoline | Reformulated Gasoline
Areas affected CO non-attainment Ozone non-attainment
Effective from Nov. 1992 1995

(winter months) (all year)
Oxygen content(vol.) 2726 minimum 2% minimum
RVP(summer/winter) 7.2/8.1 psi (50/56 kPa)
Benzene VOC's(vol%) 1% maximum (25%)
Reduced in air toxics(vol%) 15% (15%)

Table 24 America and Europe's typical ingredient of gasoline

Gasoline Composition US.A Europe
Aromatics (vol%) 32 42
Benzene  (vol%) 2 3
RVP (kPa) 62 76
Olefins (vol%) 12 5
T90 (C) 166 160
Sulphur (ppm) 350 240
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Table 2.5 Korea typical ingredient of gasoline

Model Year Feb. 2,'91- | Jan. 1, ‘93— | Jan. 1, ‘96
Fuel Item Dec.31, ‘92 | Dec. 31, '95
Aromatic Compound Max. 55 Max. 50
(Vol.%)
Benzene(Vo0l.%) Max. 6 Max. 5
Max. 0.013 |Max. 0.013 |Max. 0.013
Gasoline Lead(g/liter)
Phosphorous Max. 0.0013 [Max. 0.0013 |Max. 0.0013
(g/liter)
Oxygen Man. 0.5 Man. 1.0
(Weight %)
10% Residuals Max. 0.20 Max. 0.15 Max. 0.15
Carbon(%)
Diesel
Sulphur Max. 0.4 Max. 0.2 Max. 0.1

(Weight %)

_11_
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Table 2.6 Permittted limit comparison of exhaust gas from gasoline car
Wl &7~ S 87 F
e AEdE (AR | &9
THC NMHC CO NOx
sz 90-99 0.25 2.11 0.62
= 20000] % | CVS-75 | g/km 0.16 2.11 0.25
87-93 3.4 1.0
m= 94-02 | FIP775 | g/m 0.25 3.4 0.4
94(TELV) 0.125 3.4 0.4
A2 XY | 97(LEV) 0.075 3.4 0.2
o= | oguLEy)| TP | &/m 0.040 1.7 0.2
98(ZEV) 0 0 0
_ ECE-15+ HC+NOy 2.72/
ol &
EC 2% | Tpype | #/km 0.97/1.13 3.16
IRCS 780] % 10.1562=| g/km 0.39 2.7 0.48
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Table 2.7 Permittted limit comparison of exhaust gas from diesel car

o 1o 0 Nt &7t~ s 871
Aade | A]3H )0
% [e) -1 0 1 ] 7 O H "4 THC NOX CO PM
93-95 0.25 0.62 2.11 0.12
Gl 96-99 0.25 0.62 2.11 0.08
. -7
s0000] 5= | CVOTT | g/km 0.25 0.62 2.11 0.05
- 87-93 0.41 1.0 3.4 1.0
94-02 | FTP-75 | g/m 1.0 3.4 0.4
9203 |ECE-15+ | g/km HC+NOx 2.72/
EC EUDC 0.97/1.13 3.16 0.14/0.18
SR 909*493 10152 = | g/km 0.39 2.7 0.48
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222 FEUSe ME7ts 58 VIER
S hEtel A 2005 =l o A
AR gy F R AYA BT (A6TxR) HAFA o7
Goluy] Fh. Fujelg wEsm
Agrelrt, -yt A= wjE 7kt Al Table 2.8% Table 299 2t}

Table 2.8 Exhaust gas of gasoline and gas car per each year

b g3k Ty (=3
LR = CcO NOx v 7] @ | B2 u)o) e A
72~ 7}~ 7}~
1999.
2.11(2.75)|0.40(0.62) | 0.25(0.3) ) ]
12.31 7} i A | 0g/15F 3 |2g/testo] 5}
o] 71 g/km?©] 3} |g/km o] 8} |g/km©] 5}
= |2 1.06 0.13 0.05 00 Y |26 /testol 5 0.005
© . y Vg g/teste]o N
o | |e/moratgdmol stg/kmel et T g/kmel 3}
[e]
A | 1y |2110275)|02504DI0.16025)] ol CVS
- S < g g/tes ° - _
20011 1 g/kmo) 5t g/emo] B g kmel 5| 7
1.1 ne
oz | A o 1.13 _ 0.19» 0.07_ S/~ 3 |20 testo) 5 0.007_
g/km?©] 3} g/km o] 5}|g/km ] 5} g/kmo] s}
2.61(3.11)0.37(0.62)
2} /kmeo] 8} 0g/15 3 |2g/testo] &} -
g/kmol 3t g/kmol | | TR
Table 2.9 Exhaust gas of diesel car per each year
2bE | gAkst e A [ F AL E | g8aa | AN ER (WA (S
1999. =& 15 0.62(1.12) 0.25 0.08(0.14)
123101 A | A% =} | g/kmo g/kmeo] s} | g/kme]st | g/kmeo] s} CVS-75
2000. o 1.2 0.62(1.02) 0.25 0.05(0.11) =
11015 | A5 2| g/kmo g/kme] s} | g/kmeo]3dl | g/kmeo] s}t
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223 W77t2e HgPA 2 g

R

Asapel A W EE = Thses w7l vl 22 R H yYo = wirirbs, Az

Aol 22 R E e EZulo] 7t (blow-by gas), L&l A8HAY 7379 Furtx

BRELE]

=

o AR dYied FA4E2 H09 COz0l™, 2L ¥rell CO, HC, NOx, W #hst=

Qurgon wrltae ¥EE dm-Frl9 Bitule) olste] g 2

|> 32 e =

HC

H

Co

i I i i a2

12 14 16 18 20
Ehall

Fig. 2.1 Tendency of exhaust gas
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7hEA 713 FalAdE e CO, HC, NOx 7k A ZHoy

Table 2.107%

Table 2.10 Reducing plan of exhaust gas

CO, HC7}2= 9] Az o A

NOx 2| #7-h 3 FAe %A A

cdad P4 2 F A A
» A 3pA ] A

*EGR®] A ¢ « A3 Z) A
3k by 23] AR
c Az A A  Absh gl Sl

CENO] B0 EEAAE |« A

A7) AE =, CNG7Z|# AHF A}

Fadzl A, e AEA, ogE AFEA T AFH AW wio LT
Fig. 22 dA71¢50] 0e W)ARS9S AEa454] MEFS 10002 5ol
e el ok

v &R s

100 ~ v v v
90
80 ; i}
] HEE TSx
70 4
b 60 4 /
Il i
It /
F 50 /
s ] " »
= 40+ ° N /CNG S
30 =
20 4 /
] * /l
10 4 . . ] OIS X
(FI|MA o8t Q=T T
0 T T T T T T T '
HC CO NOx cQo2

Fig. 2.2 Exhaust gas state from each car
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2.3.1 ol & & (Ethanol)

AEo=
NEE RS

)

H

ox

B!

~
o

BoAFAE

o)
=

b
2

o

MJ
ﬂ,ﬂ

At

e g ofn] = ulolA fulH I oy shEee] 8%7te T E o

gy, olgE 740l V1EY B vy wEe] &

)
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.AO
A

rvze)
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2.3.2 MTBE(methyl tertiary butyl ether)
MTBE(methyl tertiary buthyl ether):= W23} o] AR Ere] 3}shub3-o 2 A % &0
7bEdY MTBE @52 o 15vol%= A4kl vk @A ml= e v R+
ZhEA g e 20-25% oy &Rl o] E3n

&
w3, ofAlel-HiH ¢ A5 IEfFol MTBE AH8%FS BW o= 64%, 4

2.3.3 TAME( (tertiary amyl methyl ether)

ol AEE7] AFFgon Aee drkz oz MTBES A9 Hl&=3h Aoz <&

HA ot 71Ed £ A 3832 167vol%olH olw o] AAeEe 27wt%
=

ojm SEIFE 30 A% A

N

A1tk TAME+ W &-&3} isoamylene®. 2 FE 1t

oA E3Al 7FEA Y FUIYE w5 U
2.4.4 ETBE(ethyl tertiary butyl ether)
o EF2o] U5l ethe(old t-FE dHZ)2 7l&Edo] E3ste] AFEEH 2 o,

obAl AAA FEoz MAEo] A= FAY & AL F Floln, HHEHF
17.2vol% o & olue] L-et7} ZF7}7F 3point A E=ol™ o &+L2-3} isobutylene? 3}8t
whgol ofs) AT A= F Ao A FAbaAIRE ARR o] ko
n= EPA(M:3HE B Aol e FAAES 27% o2 wEste W elA F Ao

7] SlelA ok e B@A Abgol AuE @ Ao o=k
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Table 2.11 Characteristics of fuel including oxygen

T ogt& | Wlgk& | MTBE ETBE |Isooctane| 7}<& ¢
w22 CoHs0H | CH30H |(CH3)3COCH|(CH3)3COCH| CgHig Cs—Cr2
&4 2 (g/mol) 46.07 32.04 88.15 102.18 114
9 = (kg/L) 0.790 0.795 0.740 0.750 0.692 0.75
o] &3 dH] 9.02 6.48 11.69 12.10 15.1
Ak 2 (wt2%) 37.0 50.5 18.20 15.75 0.0 0.0
FHANTF 10%°]WH| 5% 15% 17.2%

AN T AT 3.5% 2.5% 2.7% 2.7%
AEdFMI/kg) | 26.78 19.92 35.27 36.03 44.42 42-44
<24 (NJ/kg) 0.93 1.17 0.32
H A (T) 78.3 64.7 328.6 344.8 35-210
Flash Point(C) 285 280 245
sl =(T) 420 470 733
Blending reid vapor %0 60 8 :
pressure
Table 2.12 Comparison of octane numbers
BT 3 74 & (E10) MTBE of g2
S &7} 87 90 119 129
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Temperature ‘F

320

168

I | |
I Gasalire (AVP 9.0 psi)
T wolumse % TEA
(AVYP 9.1 psl) :
T volume % MTBE :
(AVF 9.3 pal) — “"--,.
Fo 10 velume %% ethanol
2 [AVP 10.0 pai)
¥ st
: o
| . 2% _ §
e £ =10 wolume % methanal
: B {AVF 12.4 psi)
5 wolume S 1:1 TEA methanal -
[RVP 11.4 psi)
Mata:
1. Base gasoline - Indolens H 10
| | 1 1
o 20 40 1) &0 100
% Evaporated

Fig. 2.3

Distillation curves by oxygenates
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24 AA ¢85 AT 2 AZAIY
WA AR Aea daeAe] 7teAdS dAToAA Al A e A=
Sl HA7F2~, Bio Mass, o8&, vMlea 5 ofg Fokol 2A JaPx 9l

AA A o] oleE Aa=rts Bepdoln, Al 8 w2 vxo® UER
B2 My AxrE FE olFL doH, 709

THE A7k Ao Qe 2R dEY Axvt /A, Aol CAAA(Clean

Air Act Amendment)s A EA e} BH, e For 2718 Aoz AdHE)

Afde 4F Axe 38 dart oF 0%2 2 HFS AAsE ow vERdon,

o] AFe oF 46%7F A E=ola yuArE EEC T Ao, 44 L=

= =
Ao ogE T ANl o SAHL Ao 93dolA 98d7tA AF

2
W
i

=

i)
~

A

2

R

2,

-

N

N

gt

e

ol

B

o

ofN

o

s}

43

hl

)

=3

og"’:

e

oy

o

i

A=)

fz

o)

Table 2.13% T},

Table 2.13 Fuel, industrial and potable alcohol production in worldwide(1999)

Country Production(billion liters) Raw material
Brazil 14.0 Sugar cane, beets
USA 5.3 Cereal grains (mostly corn)
Europe 4.3 Cereal grains, beets
Russia 2.5 Cereal grains, beets
World production 8.0 1350 Distilleries in Asia
Sum 34.1
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241 B4

Bede 19709 E HY D APEFERE dojAE o Hes A5 A
AgSA Aok o REARS] AbgFe]l Frdel weh e AFAEAF AR

Baso #dA o 4007t

242 9 =
nlaE 1999 8¢ W ZHE diEE o) A AA ] we “trte s 201008 744

Bio Mass o= @& thste] 7] 12} olUX]9] 10%S thAlste= g} gfa wgsh

o
o] F- ofo] w& wdg A A AT ZraPS At Utk ol= Bio Mass?
Hgol oy Bek 5 g4 EA9 A A M2E vHERE A sow
Am Aol 5438 Wkl 2030d7hA = dZE 6409 2 E o & o
Aakd drpolm ojRlo®m glste] dE 4] Jidte] HY FEolE & Ewol Hrh
oleigt A /N A3 FH Bio MassZ2HEH AAT o&S R WS 7tEdS
st AbgsteE WS VMY Rudoer AMSEHI QY. olE 4o aE
(gasohol)ol#} &hi=Hl 7F&Ed N} ol&&S 242 1585 &2 TFT Jdes dxdyrh
7baE(gasohol)2 S AAAUE FTHOE oF 2070 FolA AFEH L 9lom
e Zbs Ak AsAAe] oF 1%E AAsa v 53] AR vE A e

Foll oA ANGHFES 7FEHY 40%E A st vk olefe dhAAs AT
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2 RFo FAe wE va U 2AFA weolAE 7FAE(Gasoho)S AE2ZA 52

S glom GMI Zeolzee A% oE FAdn Utk Wwe 94 EA

Ffazt AT o 3000 Ak Al BH D U v

Al zoel theh &8=7F =vh L2 diAlelygA el tigd A T =

244 &+ H
EU= 2010 1990 @l e 8%¢°] 24 F¥ 7F~ 23S 3=, AA7s
qUuAe] Al HAFE&S 71 oAy AY 12%% 7tA Bol&dus AfS dd st
Atk B AFak A Azl #siAE 200587H4] 3HA AR 5%E Hlole dRE A
gotal Zxekdo wH A5 A=A AHIT RMEMEE olH =)L 7HEd
st AbEE A ) EUQ oy o]& AFL wwl efFAx (e 1%), oA
(9F 19%), Blo] 2wl (oF 80%)7} At 9ow E3] ulo] @ vl ~(biomass)i-oFol
HalMes B2 A9 FAE st . o] & # sk

fEe 20159744 o 1A
Mg d=Ql vlo]le A= AujE HT AAE AT G5 Aot
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e-&2 Fek ddso] o] A F Ay AR FA of) o]FoAa glom,

9R00E 9] ol B & ARG o Selgth 954 1/4%7] AAEE o 9400E o=
o4d BlThu] 2297k FHE Ao ® vehdth Ad o4de] FjFai o 2w
40001 F7]8tsty g8 o' 59%, ookl 19%, HFel 22%7F A8 E o=

ek AAHORE ARG olwe] WS T HFS AASIL ot Full
k

A A AgHT 94 govl, @A FHE FAAVL] WEAAL kLT 60
W70 A Ao vebdth el feued A A AFAst Dol
2% 7t2 & ABAE £ glom, BAY BF Y WAALAA 2002 59

14 702 dA HA7tA Mas dAare] 1342407 H 24 29 Al A=

FAFoIth RS BEo] BYRLA AR FAz ARV BFE 4E A
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26 d=Q50 2T w77t AEAs

2.6.1 1] 2] Auto/Oil Programme
1989\ o w=ro] #}FxF H]l 3A7F 1470 8 A+ 3AHF Air Quality Improvement

Reserarch Program(AQIRP) Z4AA2S FAse] AFx wEF7t2~ A9 37

i
=
of,

od HAS AT A tED F dAARES A wWEES] Aduaa
s+ Auto/Oil Programme= A]ZFgith, FulntE o] £9l¥ Phasel L2132 o]
TE5om 2¢h7 Phase I Z21do] A4 #aP=a v} [18][37].

Phase I ol = Al B AR&AFF 53thol]l Aol thE 297kA1¢ dA8S 483 2200
A5 o]l tste] wlEES S vt o] Ago|A = aromatic, olefin, $H4kA
718, 90% F78 T5 tYstA WEAZ] refromulated 7HEH S
AbEERlaL 1517h41 9w 7] AES SRS g JtEdel wWgES 0%l A

85%7k4 (MO to M8) &&F d&5s AT A48 AFHFFV/VFV) w77t 25

=439 00, Phase [ N AE the @/l ZEaeM] AES AT AREY o
FHE Btk olgA HE A W o3 ARSERE AL AR JR B

w7l M A= QFES FH 9T databaseol A= AT,

4]

Phase I o Aol waw, Fafdh a5 wj7]o 4ot th7led 7Hds A% d=

&
- &Y wj7] HCY AE A% 90% /749 a
- FAlEAD AS He aromatic Ao A
&

- ool AZE AT s Amel A}

Auto/Oil Phase I ¢ T Q3% A3= oS3 2.
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@ FAAA Ao 33

7bE-bo] a4 MTBEE 15% AE, & A8 A =ES 27% S7H2171<

=20 wiEeol Wkl 2 Aot gl Ae B Erh

SU0ISSILT ssely Ul aBuByDa

Fig. 2.4 Effect of using fuel including oxygen

(Ethanol 0% to 15%)

3 Table 2.14°] A& aromatic A &0l AL A5 FALANSE AMEEUS 459
&S Hluwstg o o &L 10%, MTBE 15%, ETBE 17% =2 £%389S o 2%
WZ7F2~5 v wsel. A aromatic AEANAE FAAAR ALEA] total HC, NMHC,

CO7} #t2 shA% NOxi= =2lo] 5% A% F7hshe AL ¥ 4 vk
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Table 2.14 Exhaust gas reducing effect according to Oxygenates (in low aromatic fuel)

Ethanol(10%) MTBE(15%) ETBE(17%)
Diurnal NMHC 2 30% 6% 5%
Diurnal Benzene A 28% 9% 6%
Hot soak NMHC 2 50% & 14% 2 10%
Hot soak Benzene 2 45% 2 1% 210%
Total HC 5% 7% 6%
NMHC 6% 8% 7%
CO 13% 9% 15%
NOx 2 5% a 4% A 5%
Benzene 12% 11% 9%
1,3 Butadiene 6% 2% 3%
Formaldehyde 2199% a2 6% a 17%
Acetaldehyde 2 160% a 2% & 260%
(571
® Aromatics A &3
Aromatics7t 45%° A 20% = #Astd FHA AT A ©@slga wiEo] 6% A
ShAIRE ARGAbREe] B 288 14% /S & ¢ Atk &= FHAREe] A4 CO HiEol
13% #rastes E34E BQom NOx #l=ols= & ®strt glodvh vhi ARgAp kol A=
CO wiZol E¥7F gl vhd NOx+ 11% #ATS 2o FAoh 3 di7l i &4 9
W ol tistels Halxe 2 AMSA Y BT 28%9) 23%9] HAENE B )
[ HC | CO | NOx | Toxics |
L e pomm Eam— 1
i i | i i
S N T S P
= i B i I I
R
) S R
e e S
fo -t
BN O O
—60 L___)‘\_}_g-l.i_};at_ _____ R Ao 4
By Fon
Fig. 2.5 Exhaust gas reducing effect

according to using aromatics (45% to 20%6)
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. HEieE 2 ik

7o A¥AA = ECU 3 EMS7F #2H¢ ofvbe] DOHC A, &5 A, w7

A7z FAEM, oY 4F CHsOH FW.A4607(A ¢ 8) % 955v/v%E A&

ARG YA, ke BAFAZ TR

Az AF 47]F HHE9 102ps/5800rpm, FHHEA 13.6kg - m/3000rpm 2]

ofwte] & <l xlolth. Al AL Table 313 .

£ 2 =435 w71 7tA Z2A 7] TestorAbe] Testo3b0o =, W9 #zp3zset Ao

NO., CO, CO: 5= FAE F Stk W7l Hig=] SAS vlaEdsr] Ast]

A Z0) A A (Three way converter) = A AstaL vl 7|7t~ Z2AH A2 E A A 8o}
Aol A 2 AX+= Fig. 3.1 Fig. 3.29 2o, w717t~ A AAA+= Fig.
3.33% 2t}
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Table 3.1 Specification of test engine

3 = A
8 A 44 DOHC
a5 4
1o (mm) 75.5
&1 % (mm) 835
v} 7] & (cce) 1495
Qb2 ) 95
H =9 (ps/rpm) 102/5,800
AW E A (kg - m/rpm) 13.6/3,000
A sk A 1-8-4-2
A slA 7] BTDC 9°+5°/800rpm
g BTDC 5°
3 =71
- X ABDC 35°
7h | A 7] o BBDC 43°
Hl} 7]
L= ATDC 5°
LSRRt 10°
o} = ol & 16.5kg/cm(13.5kg/cm) &} 3= += -1.0kg/cnt
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Cooling Water Engine Qil

Fuel Tank

Exhaust gas
——{ Tter

!

Control PC Muffler

Dynamo

Fig. 3.1 Experimental setup for engine test
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Fig. 3.2 Engine dynamometer

Fig. 3.3 Engine exhaust gas instrument
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32 Adx=7A3 By

Table 315 AP35 derdt, X%

!

E 1000rpmell A1 3000rpm7FA] H $}A] 7] T A
E27} 3kg - mol A AUA SRAE FRHGOM e 0% At 85%7)
A Agag dwee AP AEE G Al 2% 5% FAE A
28 Agagon PtEd 44 waE Axsels] sletel Agel Agn mE

ARE A FYFAT

Table 3.2 Characteristic and performance according to ethanol mixing rate

Engine Ethanol Measurement
Torque(kg - m)
speed(rpm) percentage(wt%) CO, NOx
1000 3 0 + CO
1500 6 10 * NOx
2000 9 20 « A7 A
2500 12 30 cdES
3000 Max 40, 50, 60, 85 « g mE ws
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41 g FH7ldl W& HdE= W3l

Fig. 413 Table 412 Q7% 1000, 1500, 2000, 2500, 3000rpm 4w o] k&
TdEod WE AdES WEE dEth

1000rpmol A ol Bh&S H71ekA e 5 sERe) e 12kg o m @ ZETh

o g TdHEo] 5% U W v @ol o5 10%, 152

X
e
2
i
X
S
oo
EL
rlr

MES oA 43 PR Fs @A £AHom Fojs: A
10% ole& EFA F7h5E A Bolw o) F Fiee Fs tiel @
FF 10%Y W AWEA} £ AEAY gt B dehia gEd ol 42

2000, 2500, 3000rpm oA % FAFEE W3stE Ho|A| vk 2000rpm 74 -%ol olgts &9

AAe WEE EAE v RS sl HASNE AAR] MRz Ak
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Max torque

15 ol

—v

14 -
13
12 4

11

10 1 —=— 1000rpm

—&— 1500rpm

Max torque(kg-m)

9 2000rpm

| —w— 2500rpm

8 3000rpm
7 T T T T T T T T T
0 20 40 60 80

Ethanol(%)

Fig. 4.1 Maximum torque variation according to ethanol mixing rate

Table 4.1 Maximum torque variation according to ethanol maxing rate

rpm %1 2] - 4= (rpm)
ol B 2 1,000 1,500 2,000 2,500 3,000

0% [11.929kg - m|14.014kg + m|14.550kg *+ m|14.689%g - m|15.019kg + m
5% [11.637kg - m|14.024kg - m|14.335kg + m|14.612kg - m|14.813kg *+ m
1096 111.838kg - m|14.186kg * m|14.416kg + m|14.957kg - m|14.894kg + m
159 111.929kg - m|13.890kg * m|14.435kg * m|14.751kg - m|15.033kg * m
20% |11.700kg * m|13.480kg + m|14.100kg * m|14.387kg *+ m|14.800kg * m
30% [11.680kg - m|13.383kg + m|13.813kg * m|14.119kg - m|14.683kg + m
409 [11.489%kg * m|13.211kg - m|13.483kg + m|13.397kg * m|14.191kg * m
509 [11.135kg * m|13.019kg - m|12.713kg + m|13.679kg - m|14.024kg + m
60% [10.685kg * m|12.637kg * m|12.101kg - m|12.952kg + m|[13.139kg - m
85% | 7.791kg - m [10.379kg * m| 8.647kg + m
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42 AgdZ @& E CO9 =54

Fig. 42~Fig. 46 ol&h& EFu &S 0, 10, 20 ,30, 40%0 A 77k A8} 3,
B3 3~H2 W71, A4S 1000pmel A 3000rpmo 2 Wekat we] ComjE
=49 e

Fig. 42~TFig. 462 CO9 ol&& H7iul&ol 4 §lo] 7 St wel
S7he A¥E Holw, EaE Uk COe o0&, ada, EE A=

s SA4E dEd e, od®s A7l &l 10%9 40%°lA 7HE A A o=

Fig. 47¢ 294 A9ol4 olgg A7u &S 50, 60, 8% A=Y
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Fig. 4.2 CO variation according to engine speed (at Ethanol 0%)
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Fig. 4.4 CO variation according to engine speed (at Ethanol 20%)
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CO at Ethanol 30%
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Fig. 4.6 CO variation according to engine speed (at Ethanol 40%)
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CO at 1000rpm
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CO at 2000rpm
1000

800 —

600 —

400—\’\\‘//

4 —=—Tq:3kg-m
—®—Tq:6kg-m
200 o —#4&—Tq:9kg-m
—w—Tq:12kg-m
Max torque

CO(ppm)

T T T T
0 10 20 30 40

Ethanol(%)
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1000
800
600
—
£
S
=
=
O 400
O
200
0
Fig. 4.11
1000
800
600
<
>
<
8 400
200

CO at2500rpm

—=— Tq:3kg-m
—®—Tq:6kg-m
—#&—Tq:9kg-m
—w—Tq:12kg-m
Max torque

Ethanol(%)

T
20 30 40

CO variation according to ethanol mixing rate (at 2500rpm)

CO at 3000rpm

—=—Tq:3kg-m
—®—Tq:6kg-m
—#&—Tq:9kg-m
—w—Tq:12kgm
Max torque

—

T
20

Ethanol(% )

30

40

Fig. 4.12 CO variation according to ethanol mixing rate (at 3000rpm)

_42_



NOx at Ethanol 0%
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Fig. 4.13 NOx variation according to engine speed (at Ethanol 0%)
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Fig. 4.14 NOx variation according to engine speed (at Ethanol 10%)
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Fig. 4.15 NOx variation according to engine speed (at Ethanol 20%)
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NOx at Ethanol 30%
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Fig. 4.16 NOx variation according to engine speed (at Ethanol 30%)
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NOx at 1000rpm
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Fig. 4.19 NOx variation according to ethanol mixing rate (at 1000rpm)
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NOx at 2500rpm
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Fig. 4.22 NOx variation according to ethanol mixing rate (at 2500rpm)
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