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ABSTRACT

This research was conducted to develop about spark ignition engine in order
to use alternative fuel, ethanol. The research will focus on the comparison of
chemical and physical properties between hydrous and anhydrous ethanol.
Mechanical efficiency pollution, consumption fuel, lubricant deterioration and
wearing in the engine would be investicated by modification of fuel system to meet
stoichiometric combustion. Finally, ethanol engine will be test consumption fuel and
lubricant deterioration. Then prepare when use anhydrous and hydrous ethanol. In
addition, this research would be helpful for the customer in term of sustainable
energy development.
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wuulaifiuuseanu Brushless Type (Bl Type) LUUHsnuneuns
viaueenludiu 9 16 4 @ Ao

n. Exciter Usznauniy

- Exciter Field Coil WuvaaaiviliiAauimaninimieinzinogiv
duiiegiuf

- Exciter Armature L‘f}uqmﬁﬂizﬂa‘uéhammafmﬁ%qnﬁﬂﬁﬁmmsuam%
wilenii ImmﬂueimﬁﬁmagJJ'ﬁ’UmeLLazmuiﬂw%'auﬁ’uLwaﬂﬂisLLaﬁLﬁmﬁu‘Lu Exciter
Armature azidulniihnszuaadu 3 wia

9. Rotating Rectifier 9zAnaguuinardavuauimanlusiig TVRUTRIER
nszudlnihaduiiAnein Exciter Armature TR dulnihnssuanss

A Main Generator {uduiinannszualniiniiooanluldausss
Usgnaume

- Rotating Field Coil Hurnaaniiuseuunumaniinatumaiieyiliingn
naneduauimdnlni  Tagldsulniinssuansailousnaan  Rotating  Rectifier

- Stator Coil (Alternator Armature) Lﬂumﬂaimﬁ%gnﬁﬂﬁﬁm‘lw“ﬂ’l
wientusardensvudlniaduesniuldau

) o o v

9. Automatic Voltage Regulator (AV.R) iiugamuauussiulviimirluld

v & & d o | LY e L] o [ [

mulvine  Gadunisioumunueaedaludd  wdnmsinauues AV.R. umsi

v da 2 4 . . . -

AszuaadUTiAngIn Stator Coil auvaadunszuanss 9reidn Exciter Field Coil Tngu3una

nszuanssariimamuauliinavietosmuanmnsaiveausadulniiian Stator Coil 1
Wuluegneonludi Automatic Voltage Regulator

Automatic Voltage Regulator

Qutput

-
+ >
ﬁ Main S1ﬂt0r

Exciter Stator

Retating Diodes

unsana vl
faari

Exciter Rotor Main Rotor

jﬂﬁ 5 @A Block Diagram of Brushless A.C. Generators

gﬂﬁ 2.3 ua@nd Block Diagram of Brushless A.C. Generators
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Wye-type circuit

]

JUT 2.4 uansrasmaiheuesaidalwiheuadndusisswuialgiild

YANNISHALINY

STATOR

Rotor Winding Stator Coil

< o A
UM 2.5 uana stator coil uax rotor winding TesyarilalWinvuaLan

2.2 dniuuuduvisenieleay (Gasoline)

g v a & e = . <, & a v ;Y )

Unuluudunseieledu (Gasoline) WWuaindanssiveladie launainnisndu
Y v oa o & o ) | = | | aa o 1Y
ihduavlulsanau laenau v3e dnlod@iuiiuinomuizandiunied lunssuisn1anau uad
LD WAN AULALUTILAIAB AN SLRLANIAINGG Tai119gdu wumsn (Naphtha), Isomerate,
Reformate wagansiAuLsa (Additives) LU MTBE (Methyl Tertiary Butyl Ether), 18y11upa
o v - o | v & & i al ¢ a a W Y
Wusu o limunzauunnisiaduiiamdaveaniossumuudurinduaunielulaeiii
= - a —— . .
LVIEJUL‘TJHLW:‘EN%‘SSLU@ (Spark Ignition Internal Combustion Engine) ANNANNTOUNT

g o’ v al 1 o' 1 di

ixmﬂmuumaqwammaﬂum‘smﬂwﬂuﬂiwanqvLtaaﬁaqlﬂulﬂamaamLamamamm



2.2.1 Uszinvvasunsuiuudu

22.1.1 thifuuudufiee (PREMIUM MOTOR GASOLINE) firneanwuiiu
wo$ 95 Awdesdou mzauiuiaTsssudivuduiiisasdiuiidedagenit 9:1 Fuluda
oA sagudtanly soussynidn (Adessusdiuudu)

2.2.1.2 thifuluudusssuan (REGULAR MOTOR GASOLINE) iliawsiuau
ponwu 91duns Wiudhiuaewusivuduiisandiuiddamni 9:1 eldun saeusds
gurnidn souewesler wisswustuindn 1wy wndseiiuli, sodaven vie duhauiaidn

222 Wowdauuduy (gasoline, E0)

wudu Wuidoimdmdnteuaiaseusiqassiadeusemelu ldnmanduiiiuiu
duiiiyaidendiufalsdudulelnsmivounuuisiuiomedaldgasiuana CoHis nely
fifuansnonzSeiavilslignamaniife CHg venseenaienin wudu LiifFuiblwuesi
nAuvewvu esniduasreunds  Felifenldiuansduudahivlutiagdu wudy
\HussAvsznoumussutivestinndeuuazannsoduasyitulfnadnsusitlasdo
ﬁu‘] widuduansusznevedlsinfinudanis

& a
2.3 LUDINANLNIUDA

lemuea (Ethanol) vSefiSuniefiausanased (Ethyl Alcohol) uusanased
sianiiduinnnmeinfndedsutnfinduhne wdnddeudeaduseanseed
eyl funoansseduians 95% Tnenisnduasidenin lovnuea (Ethanol) tevueadi
ilurmiluiviuieldifuaosudifuwoaneseditamuuianinous 99.5% TngUsinas
arannsolfifudowmasds lnsmniunlludiunauiuiduuuduludasdausiieg o
Fumimisuutalesed wienausuvhtufeadia i iuiduiesed venaniliianunse
THemusavigniifuidomadaenseld lusnsudiuaziadosoudilédfunisesnuuueeis
wgay anmsanvmuimsididemdsemuealusnsdiuiiminzausesasuiussan
fineq Tudastauresoniuoamus 0% Taudly 100% svannsnannsUdesuaiiuldiio
ynuila 1wy arsusuneusnled asusulaeenles lalasaisueu wudu wazlulnsiau
ponled 1usy

2.3.1 Ussnnvaeniues

23.1.1 Anhydrous Ethanol Llamuaafifithagtosnnuiaienueaiifiemiu
U3amamaust 99% Tuly Feaunsalinauiuidomdauduld lenueauindduisesldsn
2 ¥iln

Denatured anhydrous ethanol tlannusaiildifuilewnds Taeifivans
Yudlouadluomueaviaviiiielomusaiuluannsafuls

Indentured anhydrous ethanol lan1usauignsiliidadevuadly
ansaltuslaala



% & a  a
2.3.1.2 Hydrous Ethanol msieteniueaunldifuiieinds wieusanosea
o & & = L o/
mhwlfenududemas Yagduduuuy 95% vie 99.5% lae wuu 95% awldainuuiunis
il

|
as =

AuLUUsTIUAN i wauey 5% daunuu 99.5% Huwaneg 0.5 % uagilvuiunisiiuiy
Pun 2 75 wazmisldansganiuidu (Molecular Sieve Absorption)

2.3.2 ufdlegealulszindlne
Uaguuszmalve Tnensensimdsny aygrabitimsudauialesed 3 ala laun
23.2.1 tfuufalesed £-10 ey diuusaleoed senmu 91 uas
Yuudalvged sonmu 95 Tnefldunanvssemusaliifiufasay 10 waglisninfesas 9
futhifuuuduitugiudesas 90 TneUsunes aunsaldunuvieaduiudiuundu 95 uay
91 Iamuundlaelifesdnulasadoeud
2322 thiuufalvsed £-20 fdunanvssemuoaliiintesay 20 uayll
sndndoway 19 Authiuuuduitugudesas 80 Tneuiuns
2.3.23 dishuufalesod £-85 fldrunauvevamueadosas 85 futhifu
wuduiugiudosay 15 TnsUSinnsvieiientuealildinirdesas s
2.3.2.4 thifuufalesed E-20 flothiudemddmsusosus Miaanms
NAuszrine thuluudy 80% AU Leanesed 20% (levnuea) wisidunlauten £-20 Tausa
fanunseldufalosed £-20 szanunsaldiduuudy senmu 95, difuuuduseniny 91
wazhuuduuialesed (E-10) lésnae
Uselemiiduilnaazldsunnildidiunfalesed £20
(1) euusendn iasmnisunialesed £20 %ﬁswmgﬂﬂ'ﬁflﬁwﬁul,uu%u
penmu 95 waziiuuialesed E10
(2) 5IMIOEUAYNA saoudTinanulasassu il Aalseod £20 92
‘31mgnn’hmauﬁﬁ"ﬂﬂ \fosnnBassnaniinfianas

2.3.3 Usglewifuaseghonazianndon

2331 fuaswgia anmsienmsiidiiudamdsindissema i
Tisamafiarusiunmiundsa anmstananisén Teynansvasindu E-20 aunsn
anmstidniiuag

- eliAnnisamuiisAsluniAgaavnssuLasinymsnTsy 1AM
sanansauarmedouthsliinunsnsiimelffintunnnsugnieildndneniuea

- Usendasedenianiaifeu esannsasust £-20 uazihiiu £-20 165y
msafuayuInmagr el £-20 Wuwhiuuuduiifisiagniias

2332 §wdwanden anuafivnseina wazudleiymdunndey
ilesniemusaliundsnasssunanaunsodesaandlflagliiauaiunnde aantsudes
feansusunsueenled Juduanmguiliweamsiinnnslaniou wagdnganiselsssund
wususau



2.4 @A15uauNauanlys (CO)

L3 Il 1 a I & a o a & < sal o v aa
asuouneuaalyalifid lifindu [Wufieivdaintuluesassudniauneledn
fiannudugs  Welifieeadinuiisanelumsvigisendumsveulilaanfusulneanled
& a [ < ! o o aaa L = 3 3 o [3
Womdeunaudshigndunvuasyinujisentuesrdiauduasusuneuenles inTaseus
yaszilameussmelndningiivsununiveuneuenlenuszunm 0.2-5% AiusuLauen
leddlmduasfvlufisssasdlulodomniy nsfiasuouususaleduuiefenisgayde
Y ] =t ¢ e & & a d v oW [ v
wasnudmmildlinszaniveuueusaleaniludaindenaunsalindanuaiuiaulade

aunseialuil
€0+ %0, —» CO,+ Nogl (2.1)

a ¢ a A ol a P} £l o I
Usunaumsveuveuealedluleidelinmgegailelofvaanioteuniiaanuiduinn 1
a a ¢ < - ' - I i o - % '
YULAALATRILUA NI LaLTATossuRYMEillvan waswiilafagdlmnudumuILwinIs
s a} = = & o a ¢ = v [Y] 1o
fupungavsolons Nfnainmsuouusuenledlunisssudlannnisnauagniaailing
fuvedled viseiiutshumiaianudugs samsmsdumunliauysaladeie
o a - e ° o
inspseungasidnmeusemelndsgnesnuuuegiesivazviniluanngnunyan
- = a < a 6 a -3 ) e | =
fign o19iUIuluavesn susunpusalealulaideriies 107 Wity d1unIodeuiyn

seilnsgnsonddliloAnuuaneguaasiivinnasusussuenieniulaideniun

2.5 aanlwnvaslulasiau (No,)

ladevonndasumnluivsinaeenalarvasulasioulszanm 200 ppm wiosnda
fu Tegdnlugdululasiousenlsd (Vo) fllulasivlnesnles (vO,) uegiudiuties
Wiy wagiindedailusunantesunmiuansuseneusig q szmislulnsioullaroondiau
aaﬂ‘l«aﬁmﬁflﬁgﬂﬁaﬂﬂmﬁudﬁ NO, (%38 NO,) UuagijJuﬁauﬁaaLﬁﬂﬁy’u wasfivdeddl
Unaiosnniduansusenousing 4 serindlulpsiouiazesrdiau seeleduandgniFendy
NO, (3o NO) Taeldmdtyauy x wnuandaasng 4 NO, Wuansinluloideflifiasyasd
081984 ﬂgwmaﬂwﬂuuaﬂm%wﬁmaﬂmn%ﬂumiaﬂﬂ%mm NO, MURTeTUDINA
reliAnlelaudaduammudninelviAnnuenaiuilefiuaorfindidrsimlunsiugase
e

NO, Raanmsufiserfululnsiuluenmadudiuing fuduivuegludowds
Feoglugunes NH; NC uag HON waifiiiUSinaditasann NO iatuldmnmsyinufisen
varsuuvlusewitnszurunisiuay viodleduannisduaiuviuiiviule iwudaoeis

Uiiseumant
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O+N, —» NO+N (2.2)
N+O, —» NO+O (2.3)
N+OH —» NO+H (2.4)

oo

A = ¥ aaa ‘;l o aaa 1 lﬂ' d‘l
NO fifinduanufjisenilaziniiseseiiocuaznanedu Ny ladsdl

N, + H ,0 —» NO, + H, (2.5)
NO + 02 —» NO, +O (2.6)

= al - a0 | <
Tulnsiauluomaduluanaesmong Faladesamuiniigumgien lnedduniy

v
v

[ 1ol - ) 1<l a o o a & 2
sanlasvadlulnsiaulsluagiiadnifosiniu unnigumgiaduseauiiatuluieanll
o (3 ! J & o =
vaun388un Undruvedlulnsiauezaong (V) asuanddululnsiauesaeuin (V) s
v o O aay s di 1
wianawihujisenfuansaulalnedne

N, —» 2N (2.7)

(3

Ygugu 2,500 - 3,000 K SEAULREINUNLARTUN T LLATEIBUA LAANITURNG?

'
1 a o

A v ' o dl d. ] QIJ d a o
Wululnsiausseeuinealaegiauin feduqdedaniugiuningumngiisusiunniiuazy

v

uinseniululasioulvinanedu NO, ladnefe sandaunayle Faunnsaladail

O, —» 20 (2.8)
H,O —» OH + ¥ H, (2.9)

aaa =

asrAsiaunaniaaiainssaiingg uansliiuiugisemnamilamuannis

= s =

L7 v .: d' s A - dv
Tranu fuunltuuendaduaismesueinvesaumsuintungumgiissiuganefuiindu
Tureannlngd Begaungilgaduvile 1u‘[mmuawaufjﬁﬂmmnﬁw‘ﬂuluimmmasmam.ﬁm
waanabiiin NO, Vulatorann

v a a & e v a a J
wisamgligeaavaaualvazintuidlelofiirmnduwuuanssflownin (@ =1) us

v
=l =

v =
alofnudniosusyann ¢ = 0.95 nszian1zil gungil

L] Y

a & A

USINugEnree NO, utinTuLdl

voaUadlvardansgunn uazvasfsiiuifiviinuesndinuduiumisizelunaihuise
Mululpsiauuaznanalululasiauesnladsineg

v 2

wenInvzuegugamgiuds n1siia NO,  Selluagiiuamudu snsidiuainia
dy a i a a a aaa =l [l = a 4:‘!,
\Weamds uazgrsnanfiiansdumdlunssuengu wmseujisemaniiviedaliliiaty
v o a o W § W = & 7 S wa < € 1
viuiiiule Usune NO, duiusiunandadueiesdudupnaudivennieseudiulmilunis
anU3una NO, Tagldveamlwduuuaniniildiss uenanildasinisiia NO, Tusumusing
o vy 1w Y =l v v o a w o oal o 3 a
v ndnldiviniume lnell NO, WinTulgauSNseuiIisy tAsasuun Iaseln

v w_a v | Ya i | oda v ] | a
semsdaduwnliulunmsneliiin NO, gandn laslawzguiivieaniniluuuendiunasin



1.

) s

\auwdsuuuden (indirect injection) dslédasnaunisdagenin waziigumagiuasanudugs
nindnday wuen  Ausinniiduasieiuas (Photochemical Smog) NO, uamgman
YOINUDNATU (Smog) MNLATAILATIZALAS LLawUmwwé’n‘lmﬁmlmﬁqﬁﬁwﬁm’iuiaﬂﬁwaWU
dlesfrniy vuenatuiiinannsiufasomaaiiuvudanssiuas ssninsleideves

€ nId ar = =J
snguAtuaIMAlureRiiuan 1y NO, suandidu NO uazeanTlaussnouLie?
NO, + s UALEIDing  —> NO + O + vuanadu  (2.10)

= 1 1 74 d o aaa U | 1 d’ o aaa o
P0nTLIuBrABNRLINS Uz jRsefuansauqlalaedte uasllevihujisendu

0, Agnaneulelaugail
D + Qo | O3 (2.11)

Telsuluszivinlanidusunesedeauasiiaidemedringmeg fadudunsese
#oaae uagnoliiinnisagdenandnssuvatansgawimiasvaleiuaiunoaans loleuy
reliiAnAmdemeninnisvid §iseiuens wanadn uazianduq 8n nsviufATen
seminemaduasivlulaideduquonaisssud 1wy lelasanfusuueadles uasesnlad

dj I Yo 2 = s
puqvetlulasounneliinleloulfduieiu

2.6 lalasansuau (HC)

ladefioonaineainindivasiaiossudgaszdamevsznel flarsuseney
lalasAnsuaugadia 6,000 ppm MTaLBUMN 1-1.5% yaaldipinas 40% vasdrutana il fo
asUsgnauveatomdadsilfianlug dasn 60% AeasusznoudiAntulwifiléegaadu
ludamds dnngiduluenavundniisniarnluanasualmyreadomasuazgnany
$ou (thermal cracking) vauriinnisduay Tuanawarilazgnausilidulelasnuoud

= s =l =l =
UANTUDULWENBSHDULAENAD CH,

'
= o |0

lelnsmivouiiAniuunnssiulusumiinvedamddeddunansafugungams
sadavesieaniudiiagmsnfiwesin 4 lumavhaiuseusiswuddadinasoguuuures
lalasansuaululede

lelasasuaululodefiosnunauiveinisasdindunazyilefeazdng qszane

<4 ] @ a I " 4 -1 ¥ o
WosnazundwnluansnouziSeie lelasarsuawmanil (eniiulin)  aevifisennu

DINIARAYYNIVLNAVENATY

awnvasnsiialelasaiveu
(1) dnsrdmonia - Wwewwds Jaldauysal wanslmiuIndnsidiuenae -



dy = =l 1 1 a L3 ad v a o aaa s
Walnds Anasdrsuindaysunalalasaisuau lednuazvineandiaunisyiiujazsennu
arfuaudsihbivinlelasasveunazaiivaunouenlenluleidegs Faauiinvuvneia
< ¢ o & w a v ] o st 5 = a
winssuminzndudeddlofidunazunzisaniotsuddiilnanundilofiaruiuluuaznis
dualivafie Vsunalslasansusufesgesaduiu uasgaingifigavesnisdunuide
msflefliamnsngaszdald wszlefnauiuly mnlinsyasudaldfades 1 Tgdnsh
o a a . = [y v & a a ) o s
vinliAnlelasarsveululodeUsunde 1 nfuronisldidonds 1 Alanfuveaniosus
1 L3 L5 d& 1 1 al d

(2) mawnivdliauysal wivglalefndunanunzunnsdunuagn ns
) da & a do ' £ o e ¢ =l =2 a
dumumindusiendaaglidauysalilviilalasasveuvuegluleds dufnainanvanany
Usensienuy MsHansswitudomdsazainianiimisiividemasuediuliauise

! a v a v o o @ < o = a o |
ueiueandauld wailwiduaadiefiawilanszvengy Avinlileduiamilinszuanguly

ndfua leddruiliinunuiiivsawesfiadiunsiviituudaglignininilagnsud

e

vdmfvggndun annayuaasnisivestelutiuvesinelunssuengu

s 1 Qs g =%
2.7 INIFIUNANYDIDINIANULYBLNEY (Theoretical Air-Fuel Ratio) [7]

- Vel val ¢ W S0 AN v [ 1o o v

Anflnvtin s lvianysaluy svsesgnomasiugiglidnduindes 14.7 : 1

o s J - o d =f L7 1 at =f dgl - g:’! - -
ualudmsuiawasnialedu Li'fluww”mmﬂuuasjmsnzuuwmamwmwaauummuw

-~ 4 @ a1

D:’ v ¥ - 1 d’ i = (] =3
Tules fMuiemdaduagraduriiideaudouly wu E-10, E-20, E-85 aulufia E-100 fiaedlen
1 1 Q a at 5 A iﬁ' s 1
LivinAu dawanslumisne 2.1 dsduiiealiuasainlunisguis laganazyaduilua
w Y o e Vel el ¢ al 1 - Y &
uauAINNIBARaNA IV AT n s lwifauy seiga ldindemdmiussduerls Aeen
[ o & a | v 5 | | ad & a a |
Laum1 = 1 nsmEamasuiluaanmaziingt 1w 0.8, 0.9 nIdmdaiwasuraiuluan
[ | ' <\ 4V Y ) < o @ v o ¢ =
WANANEEINTT 11U 1.1, 1.2 GadAmsueliAv 1 AveviliiaTeseualauusso e nanad
LAaEATLAREIANTL ITA1TVIONTIEIUNANVIDINIARDUN LT DINAIVDUTDINAY 1BNIUBE

naialansd wazuwaulansaeniuea

2.7.1 3Ensmsnsidiuenmadetnsiuidamaseniuea

nszuaumsnlndifewmasundessud aniaufisomanil seninseondiauly
omatueniuey warlalsiau Tudomdslilindsnuesnuluguanuiounasyinliin
ﬁuma’[un‘s:uanguga%u nasnmsrlniveadamddlueantinid ssifsludmnesuda
viedemzaru Swhldanusathidsnuilasululdidnmusaanisineviluainiadseneu
feeanduaulssinn 22% lnsthuiin vio 21% lnsuSunpsdeiuanmeafidadldiude
wasTaiiuiinasnnnindemdann Uiinannudesnsarnielumaguiidmiunsienlni

€ a 1o 1 ' & a f . . . 9 X
auysalisenIndnsdnulasiiareseIniArelliBinga (stochiometric Air fuel ratio) d w3y
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£
v a0 s

Wanwdalensaemouauazuaulanaioniuea deflaunisiail aiuaidudsil dvsuaunis

ARG RPN [aRLY

‘:J s 1 U 1 4‘ - d‘l = 1 =
AT 2.1 UARNDRTIEIUTEINDINIANDIYDINAIUDITDLNAILARLYUA

P ANINAIUDINFAND
- LWaLnEY .
GRRNGN
E-O 14.625
E-20 14.11
E-85 10.74
E-100 Anhydrous 2.0
E-100 Hydrous 8.7

X a o 2
2.7.2 n1skadamauaniuaanuiAsassudsuniuntely

o e o &

o ¢ o a = ] = - ¢al [
Lﬂ‘ia&EJUMLLﬂaI‘UauLLazLﬂ'imEmmmLﬁzjaﬂeLﬂiawumwﬁ’lﬂmuuﬂuﬂﬂquuwLﬂ'imalum

& <l

ﬂ?’ 1 L2 ﬂJ o o 1] & « A s dl =
N 2 UWANANAUNANWEUENITNINIU a'BUUixﬂ'B‘U‘UENLﬂi@dﬂUﬁLLﬁSWﬁ'}ﬂmWﬁﬂﬂﬂ 28N139A

L] ]
|

] ﬂ%‘ - 4 & o =l v = Qy - = ¥ =
seiiatands indsssuduialsduldussnmelnlunsgasataomddunauBuiuuasiin
ot i I 4 4 5ol ar 2/ ar
malnidiiesiolusgesing luvnsiitniessudisasdoaimiousinnissneiniamdn
v a & a s P s ol ed o v & a o o
Wluiewnlwigaszidaoinds mndnwusiidnsiuveaadeseusdil vlrvendaiaginan
173 wa a | a 1 - Al' =i s o 3 1
Tdfvzliguand@narsiululuudazeia eliiiaumuizanfuinIsssudusasuuy
Mnmsinfuresna@amadutagiu vilifinsaulaomd maunufiazsiun
naunuawiweatadiuuinlu temueaillui@eindsainfivnisinuasuiavesudsain
voa & a o ¢ @ = o §a v
msinwas annsaldidudeiwimaunulunssssuauialedunazinioseusaisals
[l 1 4 = ] a d g & =l & =l =l 1
euealildidamduanizdmivinisssuduialeduniofiwatasiiiion uaidy
& a o < ¢ e a | <
Wedenmaunula lnsansiasessudufaleduasiinnumuizanuinnitaseseusineg
Y] & a g v o < ¢ o vai s 1 =
anvuzlawnsaLdamatemusanliiunIstsuiduaunigly ladnsimuannnan 75 U
i waglinuantveudeaindaenives Jadunsiuieuiisuanauifvesdaindaen

UDALALLUUTY



A19199 2.2 LanamsnaaunIsMsivlianysalvesdamds 2 via

lensaoniuea woulonidoniuea
[A]=1.0 [Al=1.0
[B]=3.0 [B]=3.0
[Cl=11.18 [C]=11.18
[D]=2.0 [D]=2.0
[E]=3.08 [E]=3.0

= a = wa & a a
15190 2.3 m’]?"lﬂLlJ‘JEJUW]EiUQmﬁﬂJUG]’UENL‘UE]LwadLﬁm’mﬂaLLaxLUu‘ﬁu [10]

Properties s L ous Gasoline
ethanol ethanol
Chemical Formula C2He1601.08 C,HgO C,toCqyp
LHV (kJ/kg) 24995 26900 43000
Heat of vaporization (kJ/kg) 992 910 307
Research octane no. (RON) 106 108 92-99
Motor octane no. (MON) 87 92 80-91
Carbon [mass%)] 50:59 2.2 85-88
Hydrogen [mass%] 12.98 1971 12-15
Oxygen [mass%] 36.42 34.7 0
Stoichiometric Air/Fuel Ratio 8.7 a 14.6
Auto ignition temperature [°C] 423 420 246-280

2.7.3 auantivendoimadaniauazuaulondmoniuea [3]
anaTRvestomdnenuoans 2 vianazufaleduuiouiisuuluivanslums
23 (iesineniueaiis 2 vliafiauandiuendisannidomiwialsduadiann
wszaziunsedamitemuoanldunudomdufaleiuiuasdoiarsaninuauian
uansaiearlfiaTaseuivhaldetmnyautude
2.7.3.1 naunsailvedlensaoniuea (CoHge 14010) UazHOUlERTALD
NUea (C,Hg0) uiuldimuenmilesinezneuveadlalasiau h wazrasueu C f’iﬁaq’luuﬁa
Tsduudrluemusaisasswintudifiosnaueseandiaulussiusznaveging devaay

L

veseanlauvzduieyluguveseuyalensanda (Hydroxyl-OH) vilviluianavedeniuead

U v



1d

aaa '

wa o a O o a 23 =l = o val o (Y] ' 1 o
AnandRTwTas (Polar) Beliufjisengandnufaledu Jeihlviiguianisianseuganituia

Y
ql' | L2 1 1 : 1 A - a 5 o dll =
Todu ‘(Nﬂgﬂx‘lf«laﬂ’l'iﬂﬂﬂi@u&]@‘tﬁuﬁ'ﬂu%LﬁUIﬁﬂﬁLLﬁSWfﬂ?{ﬂﬂ AIUUNTTUILD LY BDEWAILDNT

v & a o a = o & £4 <l [ < LY <4 = o v
usauldunuramiuialeduisdnluseslinisusuasuiagianisiadevaisisuniu
L2 1 Q‘J 1 é s A el
nsnfinnseuveenuealududuidesdudaduieniuea
2.7.3.2 AARNdsuAuiau (Energy content) 1nAn919 2.3 aumiule
N v | 1 5 ) S a ow i al v ¥ oA qu
Teanufeusientisiminvsdeviueatulidlesniuialeduuszunn 209% daiudeld
& a g & a o v v a = & v o I3 ° Y]
nueans 2 wialutiomds Jseededldusunanuinduiisliiniessudaunsavinals
LA
2.7.3.3  A1AusauLelYeIn1IIEve (Latent heat of Vaporization) 210
M1 23 sziulddneniueans 2 vdadldranufeundinissemedagenduialedy
| oA v & a & a o
Uszanm 3 v Famnganudndieldi@emdaenuealutomaumuuialedu emusasy
Asmuieulientsszimeiiluvialofuinnitviligungiiluvieledsinit Jedwmarenis
o = 5 ¥
MULATOEUAR
< aa ! a0 = 2/ =l | ggf; ] L4
(1) Wegnpiiluvieledn emangnaauvziinuMUILTug U IA
gnguaunsafseInadianlaunduinliusednsaimaiuansgaty waziidanes
o ¢ & av o4y I e w oau v < = cal
\ATRBUANINNTY TanATenialisnesudmasild (Power Output) 3NIATBALATBILUAT
8 ﬂ’l = =l 1 v e s J’ =3 dl.l 1
Tdiemuen (95%) Wuweinds frgenildufalesuduidomdsssunm 2% Ndnsdiunis
@ = L
anLfeaiu
(2) nsaunansAiveLomamI 3 yllawlvianysel (Stoichiometric)
L = v | | cf a ] s s
wialgduarlagnsidimeiniaodends Ussuim 146 dnleniauasuauleniaioniuea
< o w  w LY ! = @ g =l < o v
AB 8.7 WAz 9 MNEAU insIzaztuieniuealddnsdagfuuialediu Aagyilv

[l s nl v o v v o 1 o o v
druNaNvoeNILeanuanNIANLaUILnvinlinsin nsdusiuatisendruinuazvinly

3/
as

ol ¢ fa I - a & a o v ) 1)
LASDNEUAAMISAREIN WsIzaztuIzsaLRLUSU ot amasniin U Tuvia sl

2.7.4 a19annu (Octane Number) [8]

ANBDNINY Ap AalavwaninuanURfiumIunisidon (Anti-knock Quality) Tuanin
mMsunlmiung Wedunanvesenmatuidemdsgnynssidndeusenmelwanadio s
wrlvdfiFusuduuazdniuindetuluaugniosalng nsdurdiuveadoimasiiarlng
aululiifis nummfougauasauiugdliilfasgasidatuies (Self Ignition) Taerdunis
sulinegaguussitliannsanuauld Iinrdunuiganniadivsneiuadlnisds
a nnufisuinnisteadeiansiidees (Pinging Sound) nstioavinlyiaTasewus
yidsriduarfoudatumendsnuauiouly Wewdsiaunsodedelugignguliian
Zdeldviu FeiliiaTes suddoudndu (Engine Overheat) envvilvndalvsiuazgngu
zqlél AnAnnisinigquusiegidosq msdeadlfiAntunasana uasifinduluyasiss
wwdesatmaimaiieiisseudhauminunivy sarussniAuRiavevugsatulen

= Do e
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(High Load-Low Speed) lunsdisauiniasaaasy maiwnlvslliauysel fasuaihniuou
Lmvavau’luﬁaum‘lwﬁu'm tmmmm‘%‘mﬂuﬁ%ﬂu%’ﬂ ATIULUHNEGNUAALAANITT (Pre-
gmtaon) u mstleafiiatuldieuiu iisseudifisnsdrunssa (Compression Ratio)
aqmﬁuuamwnuu,avmmmu’twaaLmlwuﬂmawummuumwmaam'ﬁu’muwmaanm
awu Lwau'lw,ﬂmmiuaﬂiﬂEJUiumauamqmumiaﬂmu 9:1 Fulumslirfusenin 95
Snsrdaunstn 8:1-9:1 masldiifueenivu 91 Imamlﬂmwamnaumm'l,wﬂuauuuu'mmi
Thhuuuduiiisesnmuetudivitle  asSamdresnmudemadeuiuiaseus
1msgIugUEIdaaIsanedaduiddalfisundt wwdpewus CFR (Cooperative Fuels
Research) uduUsuifisuanuuussvesnistenfuidomdanasgudmiuisudiou
loun lelooenimuBsiidneanvu 100 wasuastaiewinu Faiidoonmu 0 1wy thiuuudy
oony 95 Aetiiuifiausuusasmsien Wudsatudemdnuiouiiou lelvoonmy
95 % FawautuueTTaevinu 5% n1s¥avnAteenyudl 2 35 Research Octane Number
(RON) ASTM D 2699 wag Motor Octane Number (MON) ASTM D 2700 “;13@ 2 38n5¥9n
fuluiewmnass 33301 RON tunaaeuiinrugast (600sau/unil) uazgaumniitassus
125°F lugnmmsianuivesnisssus 2u3sind1 MON asnaasufiemianiags (900
sou/undl) uazgamgfionangs 300°F fianinnasviamuminann fadus RON. Fegendn
A1 MON f-haaﬂmuﬁ%aaﬁﬁgnﬁmumlﬂu%’aﬁmuﬂmmﬂszmwwnﬁ.‘méﬁw sruvislel
fvunfeenuYeEan M 9adwey wartasimhedemeaaiiuilaifutituuud
Tug daung sgszivesaniuiieny Wunalvidesninuanaslé

2.8 nnsamurnAriegaelueseseud (4]

2.8.1 usslnuazAnas (TORQUE AND POWER)
= a 1 dy o :1 '3 d o 1
wseUnAeamUsdnuausalunisyinuuenseeus Wunavolsainszyindauwauy

vy adinauen Findaedu N-m 3o Ibf-ft

w590A T denudunusiuauaadl -
2nt =W, = (bmep) - Vy/n (2.13)
g W, = $UNa1Y9IN1TVINIUNTTaU

Va = ANURUDINTZUBNGY

n = wnseureniieiging



@ a YY) @ ) o w =
dwmiunsesudiginsaesdmne Fahouasuigdnslunisseu :
2nt = W,
= (bmep) - Vy
T = (bmep) -V, /21

o at a fo AU d‘ ] L -
GNVTULATDILUMININTAWNIE ‘UQWWQWUﬂSU'}g%ﬂﬁl‘Uﬁ@Q?@U :

T = (bmep) - V; /4
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(2.14)

(2.15)

laanusunatadewan (bmep) wazarumwar (W)  luaunisdnauuil iseda

a d %) = <
LINUANLWANV DL IEIVDILAT D FJU(;i

= ¢ P v e a B =
insesguRvesTneudyatagiy Tatussdnasanuseunn 200 89 300 N-m A11M137

= ° o A w a '
FAUUTEUR 4,000 096,000 RPM L%Elﬂﬂ']LLVI“L!\‘)‘WLﬂiaQﬂumﬂ[“LLiqumg\'}ﬁﬂjq FI’T]NL%'Jia‘U

a : < = I3 '3
ws30a (maximum brake torque speed %58 MBT) 1 u18TUNITODNRUULATDIBUATOLUR

gail Aon i linsmiludusiu uasidaaierasnannsisougeuazauisiseusn

= §al v a a ) - a - ) | < ¢ i
Lﬂ'iﬁ]x‘lUUMﬂL‘ﬁauﬂuLLNUWQQMWLF}'SENEJW?LUU%N‘UU‘MLG]EJ?T‘]M a?utﬂiaQUumﬂuqﬂiwm Und

wsadngauazanssauusedngs (MBT) eglugnuarmisasaus

o

o w o ' | d ¢ v e v o | =
a4 (power) A BRTIIUABVUITIAIVONUATOILUR DK n = FUIUTOURBNTLY

o

a 7 ¢ v
109N5 wag N = auiaseunsadeus azle :

W = WN/n

W = 2nNt

W = (1/2n)(mep)A,U,

W = (mep)ApUp/4 1303 4 Fave
W = (mep)A,U,/2 903 2 Yy

oy : W = nuseigdns

dv =l v oW
WUNVUAAQNEUTINNNEU

e
1l

1]

= a
P ANULIILREAEY

(2.16)
(2.17)
(2.18)
(2.19)
(2.20)
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3
[ 1 =

amnsamuuaridiinA1uYes Adanan (brake  power)  AEIUTENE (net

@

indicated power) idas¥T1UBeA (gross indicated power) AA%gs (pumping power) 18

o ] Y o a &
ATUANTULAIAIUAUNALRRE Iuaﬂif‘niw 2.16 ﬁﬂ 220

Wy, = nmW, (2.21)
(Wi)net = (Wi)gross - (Wi)pump (2.22)
W, = W; —W; (2.23)

- & 1 a a a o ¢
Taedl 7., WuAssansnmidanaveansaseus

Qs

14 kw 1unthevesids ustidedh (hp) Adadumbendenldfiuey

1 hp = 0.7457 KW = 2545 BTU/hr = 550 ft-lbf/sec
1 kKW = 1.341 hp (2.24)

2/
o w fai 1 @ !

= =l ido ¢ o ¢ < a =
ﬂ']ﬂﬂ"ﬂ'ﬂ\'iLﬂia\iﬂumﬂﬂqﬁl@uﬂLWEJQINTYJWW"\]'mLﬂiﬂﬁﬁum‘ﬂﬂ%ﬂia\‘iﬂ“ﬁl‘éﬂ IUQUQQ‘Wa']EJ

s & 1

o o a = « a o ¢l i
WuindsraguuauniaeudainlaziAToIBufvas ol uayns tATessuiiunsnatelu

Y

v =% =t o s A s v ﬂﬂ'
VoInanNIn Ag vu1a 1.5 f9 5 kw (2897 hp) ddmsuiaSesdang idessud va

a

< fa v Ao W i = P = =
\WWIBSUARAYNEITaTUNALAN Sfdesendng 2 fla 40 kW (3 §la 50 hp) #I9UINNIIUATNTU

=t

< ¢ il Ay i ¢ « @ o w | <
inSosuirLInlve diuipTeseusivessasusieaiagdu didisywing 40 fia 220 kw (50 fis

Qs s L3

a o = + o o Y o
300 hp) VNUTARNAAD FDNIVUIRNANNATIDINNDDALUUANURANNAAIARNIDINA 'I,‘umaq

Y

=l =t =f | Q‘j ar ﬁ‘
VAR 5 819 6 kW (7 §ia 8 hp) wihtlu Tumssnwianandaei 88 na./va. vunesu
wsalauasmaaduilsnduvesanuiiisey fseudussdnaziiviiloninusqseu

- & = & & o a - o v =
bW LLﬁﬁLiJEJﬂ'ﬂllL%’l‘iE]ULWJJ‘UU@ﬂ HIIUAVSEANNIUNIAEIGALLAIANAT LWS’]SENWJ']ZLIL%’J

a X A a v TR P | oa aa O
souLinduledasdignuszaiinnszuengulatiosas iewntananidulofUaduas

o a

MAUY (indicated power) ILTUAIUAINSITOUVDUATOIBUA dIumdanan

= i v 2

(brake power) Lﬁw‘ﬁummmmlﬁﬁamummaaam LLmammLuammﬁ'ﬁauLﬁm%‘uﬁmwsws
p Y 9

v v w ¢

a = =& o & a <

ginanesigusadsanuniglunisseuidaivdunuamiuiisey wasiauniaoianien

P & | a1 o W P e =t

UGN LAsDtBuRvessnsudlsdulngldidunangegaiiauniaseulseann 6,000 fa
7,000 RPM m130Usssn0d 1.5 Wi waam’mL%’;iauﬁlﬁ.mﬁmq@qm

a o w r.'l & - W = =

anunsafiuideeaaTeeud lnensiiuannug AuduRds waz/v3en sy

- o q w < ¢ 1 = fo W

msiiuANg Mlvinauwagauinveesessusiiunuluie Sududdibifiaszardmiu

v 5 v L7 1 A g € s [ 3 = o A
nsldelusaeud Mmemegdingln niessudvessasunadslna Salvundnuagyiiaun
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=l 1

sougs uavinldgunsaldayszqled wu wmesluvriaees wieguiveiuniames ey

at d d € v ac 1 1 dl,
ANNFURALRAY @usaIsuiivuinIeaeud medsnisaegauaunisaelul

Masduing (specific power) SP = Wy/A, (2.25)
MadareaI1ug (output per displacement)  oPD = W, /Vy (2.26)
USumsdunns (specific volume) sV o= Vy/W, (2.27)
wmindusing (specific weight) SW = G/W, (2.28)

oy : W, = Mduwan
g ¢ o
A, = WuUNYUAGRGNAUNNAUTIMNU
U U 4 v
Vq =M

G = UminiASaeun

FmaniisienaudFyd Ut susldtuIndeu Uy Wy e 50 uaz
Trslamziaiesdu Ssroamsliimdniugn lunasiimdnveaundessudlifimudfy
dmiuindseudaanuualng

\nSespudvassngudaitlni feiidunatanagussann 40 e 80 KW/L
wiastusipmeslufauaseuiunil Sufuaiosuinuy 3-0 qu fiaigefa 130 kw/L
ArfdananrierLueAIIEuiining 2 Sy Faganinveandeseunindng 4 fame

¢ o o q w o < S A gve
Usyana 40% Wumswandeivhlidinsneneuinuniaseseudil ineldiusosudan

& A : .
2.8.2 AuAuUABIYanasdnIzlusnINGn (Specific Fuel Consumption)

ANUAAIANAUUE DT DINAIT NN UTNASY
sfc = me /W (2.29)

low: iy = dnsinsivaveadoinds

s

W = fdweaansaeun

mnlradanantunisatuin aglemnuduuasataindsdnmizsiusn (brake

specific fuel consumption)
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bsfc = 'mf/Wb (2.30)

| T S O

wazdrlmdsuarlunisAunm aglannuauUaonte i nasdunNnsusd (indicated  brake

specific fuel consumption)
isfc = mg /W, (2.31)

2.9 nIAUIABLAUAITYLISIARS (Calculation of Carburetor) [6]

nMsfuraAsafuayseefuunefs nsfummaiveseIniaiiiu

mfyiswed nasimaiiiva sattuilva arersuduauruIadurIguSnanwing 4 7
ddueansyismesmssunaiiniuasysmeslunsUjiatiaugeinun szl
wsiiRsdeann isuAdamasnansniudesmundeuludseluil
(1) fwuslsinaiiunsnonuaztsmieInminiiaugaviniunngs
2) e mAkaziuikuneaenlifinaie
3) nagratmadueIsssuRlifinsgadsnu w = o)
1) o mafgaiiiaTesudtotlidnstemenuieu @ - 0

)

(
(
(

4 } % d &< 1 a %] L
(5) exmEngaiaTeseuitiaIngnmalila

) @ © 0 @ ©

sun U9

I o as i " Io' ™ <4
JUY 2.6 uanIanwuEUIneADn (N) WasTINILUNSUNNY (V)

PINAUNTNANUVBINTEUIUASATNS InadiLaus Ao

mc2
2

mc?
2

mgZ; + —=+ PV, + Uy + Q13 = mgZ, + =2+ P,V, + Uy + W; (232)

J ~ L2 U 1 1] o i =
Wiefimsaunndanluglsng q semieinaasyhnuiivasgliauns fie
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CZ CZ
Zl+?1+P1V1+U1=Zz+£+P2V2+U2+VVS (233)
s s £ 1 ] o Z = 1
g : Z = WaUANgRaNUI8Nad15MN 91U (m— = Z), ey Nm/N =m
m
Cz Y g€ 1 ' [ mczz 11,'2 =l ' I3
(—-—) = WANIUIAUADWUILUIAAITNNNU (ng =5 ), nuEdu Nm/N =m

2g

PV = wdmuainnsivasiamieiiaansyiney, dwhadu Nm/N = m
U = wdsunelusenthsinaaisvinay, vdodu Nm/N = m

0 = WawuANSaudavtaEaaIsvinay, dvdiedu Nm/N = m
W, = nunafildrentheuaansvhen, Smhedu Nm/N = m

2
Y

v o ﬂ’l’ L 4 v =l o o
wazandemuunilewsulyt 2, = z,, 0 = 0 uay W, = 0 Huavinlidetuaunis (2.33)

c? c?

'2_;+P1V1+U1= £+P2V2+U2 (234)
dle PV + U = H agléin

B\ )/ Sse \ g (2.35)

am )/ SERER> \\* '

o < R ] Yoo W < o va 1 & ¢ v & v
LUBIRIAAIULTIDINANN DN INEYIUATUDEUIN ﬁ]\jﬂqwumIWNﬂqLUuﬂUS Gp=0 mﬂuu%&'ﬁlﬂ?’]

Ho o % ] (2.36)
o C]_ = -\/Zg. (Hl iz, Hz) (237)

wianAuENTuSAeRaNaReElain H, = C,T, way H, = C,7, AUNINaNNTS (2.37) asladn

= \[2 gy (1 - %) (238)
wauidle L= G-k (2.39)
T, P,

wnuAn (2.38) Tu (2.39) agla

(k=1)/k
S audiemedaenen, C, = 2. CpTh (1 - (5;—?-) ) (2.40)
1



P < ol é ¢
we G = AMILTIDINIANHNILUADADAVBIANIYLTIADT m/s
T, = guNQIeINAIINUTIEINIA K
o ° < o <
Cp = AUIDUT IWIEVBIDINIANAIUAUAIN kl/kg.K
Py = ANMNANDINAYDIVUITTEINA bar
o o
P, = ANUAUTIADABAYDIATSYISIADT bar

22

o = = ° v
WNBIR MIMANISIOINAIRIUABAeRdalanRoulunila Ae Mvualindsu

| a1 1 s A d} o = - [
ameluiga 1, 2 uay 3 dawiriu IneReulvdudiauniiowdiu nauns (2.33) As

C
2

2 2
Zi+ 2+ PV + Uy = Z+ 2+ PV + Uy + W

NVaMNUALUDIRY AD

Zl = Zz - Z3
Ul = Uz = U3
Q12 = 0
W, =0
Tuuaglaaunisidu
2
4PV = TR P,
(£2) = vp — Py
by KU 1 2
ea eI v V.
= L -y
ci—-c? 1
=i, -P
= 1p - py)

P m
1199970 i -
e : m = 17a9nA

1% = Usung

p = AINRUIUUUDINA

ndoruundosdiu 90 1 way 2 furaeiniawiiu glidn

A;pCy = AypCy
A
Gy = (fl')cz

(2.41)

(2.42a)
(2.42b)
(2.42¢)

(2.42d)

(2.42e)

(2.43a)
(2.43b)
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" ol s o Vv d _ v,
lnef 4, Aeotuivihdnuenensn waz p A ilesan —asd (e masaslild V = C

WNUANENNNT (4.43) asdunis (4.42e)

2
A Z
Z-((2)c:) =2E-P) (2.442)
Ay P
- P
3= 2|22 (2.44b)
2
P \1-(3)
2g( Pi—P
C,= |22 (2.44c)
P \1-(22
AI)

fvualk AP = (P, — Py)  fatiusinaunisil (2.440) aslél

2 AP
Cy = -pﬁ =\ WG (2.44d)
1-(3)

v ¢ ) Y o @ | w ¢ ¢ o w
QWﬂﬂ?']liaﬂJWUﬁsgﬁ?'\‘ﬁﬁﬁﬂ“ﬁ'\ﬁﬂ'ﬁg'ﬂ?’mﬂ@ﬂ@ﬂﬂU'ﬂ@ﬂqﬂﬂ’]'ﬁuLiLW@'ﬁUﬂﬂ'}aqaaé

2
A =l v s 1 [] =Y v v 1 [ ] a
(——2) seifiitoennn endiegiaty auudliduiugudnanvielnamsyiseesivindu 8
1

URLnT WURuAudnanAenanA1sYSevNAUY 3 wusums dawviniu 0.0198 93
WiuTIAtesun AuaTasnnald aetuInaunis (2.44d) anunsadeuluailadu

Cp= (2?9) (AP) (2.44e)

<t LY ' o [ ' o ¢

‘Naum‘imnaﬂlﬂuauﬂ’]im VianL’gﬂ']ﬂ']ﬂ'J'lllL%'J@']ﬂ?ﬂ“/lﬂ']u‘ﬂﬂﬂ@ﬂ‘uaﬁﬂ']%yL'iLG]@'i
v al = alal v P ¢ ¢ v

I@ﬂﬂ'ﬂlﬂ@ﬂﬁﬂﬂqiwuq ﬂ'iﬂﬂﬂfﬂ@Qﬂ'ﬁ?ﬂlﬂﬁaqﬂqﬂﬂﬂquﬂ@ﬂaﬂﬂqsuﬁLm@3?‘1']1J73ﬂ°ﬁ']1m'§]']ﬂ

AMUdURUSAaRB UL

0 = AC (2.45)
Tow: Q = Ysuamslvaoinia
d d v o d i
A = Nuinthdananaluariu
C = anudinislvaveseinie
PNANUAUNUS

m = Qp (2.46)
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unuAn (2.46) aslu (2.45) agla

m = ACp (2.47)

[
o

fmuelyt ¢ luaunisl (2.47) whitu €, sesaunis (2.44e) faiuaunisil (2.47) awnsa
Woulviladu

- 29
m = Ap (p ) (AP) (2.482)
m = A/ p(2g)(AP) (2.48b)
m = A/ p(2g)(AP) (2.48¢)

P o m = | a W P
lam = (;) : NQﬁﬂqﬂqﬂmlwaﬂaL'}ﬁq (ﬂIﬁﬂ'ﬂJ/ﬁu’]m)

| 4 o va P
VUNELME  N1SVINI80INIARBIIAINEDINEINIATINIUADABAAINITAMT lABNLUINIINTS
- v o o Wy ... S -1 a v
\Wesaulioinidaunsasadald (Air is Compressibility) fall aunflinszuiuainnisiva
= 9
gmansysmeiitunszuumsuuudeunduls
(Reversible Process)

Vo= 1 (&)Uk = %(%)Uk (2.49)

A A '
0 PV = RT (Wan156u1 1 ¥eula)

Do . 6. © c/f
ARG my = —2= 22 (2.50)
Vi Va
. 1y = wmavesemankumMIYTneT ke/sec
& sl o | g L3 2
Ay = Huinihdavewiensanasyisiaes m
& od v ow 2
A, = WuimihAnueIRenBnATTYLTABT M

WUANENNTS (2.40) @uns (2.49) asluaunis (2.50) azld

C agps o2\ ( (P, (k—l)/k)
mA— RT1 (pz) ngpTl 1 (Pl) (2.51:':1)
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. A PN\YE (P (k—l)/k)
Ty = o= 2g.c, ((P_l) (P1) (2.51b)

o s 4 1 L4 2 =l :ll <4
mm‘uma'uaqa'm'mwmuﬂ'ﬁyjl,imai mmmm‘tmﬁnnsmwm G0

_ p,\2/k p,\ (k-1)/k
Ty = AyCap |2.C,Ty (P—) —(P—l) (2510)
a: € = dnszdnsvesmsysnes
N oE Y ¢ 2
A, = wuwmmmmmﬂaﬂammmmma% m
1 3
p = AUAUILUUVDIDINTA kg/m

1 e A = wa | 1 =l =
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Air-cooled 4-
Engine Type
stroke OHV
Cylinder 1
Bore x Stroke 68 X 54 mm
Displacement 196 cm3
Compression Ratio 8.5:1
Carburetor Butterfly
Rate Output 3000 W
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3.2.2 upanlines (Clamp Meter)
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adau (Engine Check™ 804) i
Wear Metal Elements - condition
+  RDE Fine Wear Metals-18 elements
+ RFS Course Wear Metals-11 elements
Oil Properties & Condition
«  Qil Condition ; oxidation, nitration
« Viscosity @ 40 °c or 100 °c
+ TBN (Total Base Number)
Contamination Condition
+ Oil Contamination ; fuel, soot, coolant (glycol), dirt & dust
«  %Moisture & Water

+ Wrong oil contamination
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MAINTENANCE SCHEDULE

|  REGULAR SERVICE PERIOD (3) Each | First |Every3|Every6| Every | Refer
',l Perform at every Use |Month |Months|Months| Year o
'.I indicated month or or or ar or Page
| operating hour interval, 20 Hrs | 50 Hrs |100 Hrs|300 Hrs
'1 whichever comes first.
ITEM
Engine oil Check level 0 9
Change Q o 9
Reduction case Check level ] 9-10
oil Change Q O 10
(applicable types)
Air filter Check (] 10
Clean o (1) | o*x() i1 =12
Replace O ¥ ¥
Sediment cup Clean o] 12
Spark plug Check-adjust o] 12
Replace O
Spark arrester Clean 0 13
(applicable types)
Icdle speed Check-adjust O (2) 13
Valve clearance  Check-adjust O {2) | Shop
manual
Combustion Clean After every 500 Hrs. (2) Shop
chamber manual
Fuel tank & Clean O (2) Shop
filter manual
Fueltube Check Every 2 years Shop
(Replace if necessary) (2) manual

* e |nternal vent carburetor with dual element type only.
s Cyclone type every 6 months or 150 hours.

o ' o
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Fiuid & Oil Analysis Technology
Rt sl £ UnitiD  : Anhydrous Ethanol 99 §
5 Name : KMITL v
T 1
o % UnitTyps. i Etgie Costion ‘Gverall Condition Ratin
Address : 3 Moo 2 Chalongkrung Road " g
AR arabangBangk 10520 £ UnitMake : MITSUKI NORMAL =NORIML
R T UnitModel : EC3%00AE g
Site : S
Location : O QRORSY o CASTROLACTIV 4T SAE 2040 8/ ‘
Testcode : EB040 60400 511100 L =

Oil System Capacity : 06 Liters
Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)
Components of dri {silicon) shghtly above normal, however, no abrasive wear noled

All wear conditions and wear tests appear in noimal working range
All oll conditions and oil tests appear in normal working range.

wrehe |

Previous Sample Baseline and Alarm Limit

Cont: TWear gl - Cont.

A Alarm Limit
A H v W

| Current Sample

Condition History f

| B
] P A Alarm Limit Matrix -Set Name
ls'::’f?n E | | 3000?;852 g (Equipment type / oil type)
Date Sampled z g 02-Feb-13 L Engine Gasoline General
Oil Hours (Kms) | & | & 1 50 | Castrol Activ 4T SAE 20W40
Unit Hours (Kms) § | | Not Given ! Not Given ] Not Given N
E

Oil Added (Liters) |
Filters Hours (Kms)

Iron | b& l BO. s
Chromium 5 | PPM 45 04 138 42 | 140 15 0

Lead > 6585 G | 02 05 05 a0 | 09 00 0 >80 *60
Copper PR, 22 05 | 44 11 ! 26 19 0 > >60
Tin ] 35 | FPM 00 39 | 09 00 | 11 21 0 260 »60
Aluminum 5 pPu | 11.9 30 422 242 | 39.7 65.3 W 0 »80 *80
Nickel | pese PRM I 06 00 | 1.3 0.0 ! 12 0.0 0

Siver | oezas | pEm 00 0o | D2 00 01 00 ]

Molybdenum C PPM | 440 10 | 39.2 40 | 41.1 14.3 ]

Tilanium 06506 | PPM | 00 Aiat 0.0 221 0.0 44 0

0il Condition m VNN Letion m
Viscosity @ 40°C Dass | et | 4285 i 1357 | | a7 1222

Viscosity @ 100°C | D##s | cst | 440 | 144 142 138 <054 N2
Oxadation f. FTIRp. Abs | 6.0 | 92 | 76 50 112
Nitration T E Ats | 8.4 76 71 53 119
TAN bpard ] |

TBN | D478 | a7 | 7.3 | 75 74 <2

Water >05
Fuel SAW [ (s | >75
Glycol FIirR | Avs '} 0 1 0 B
Soot TR, | e 076 079 | 079
; ! | I
Vanadium p o PEM 0 | 0 ] 0
Sodium | 4 | 19 17 2 >100
Silicon o ' 9.3 11.4°6) 313 W 186 | 282 47 6 W 2 >3 >30
rerERo = - e
Additive Element
Boron j.08 i 17 8 9 41
Magnesium i 1m | 142 123 1062
Calcium Ju [ 521 526 | s01 40
Barium 0 0 0 0
Phosphorus PPM | 875 670 | 742 985
Zine | | FPM N, 1262 84 | 1202 125 1211 443 1207
A dional Test I R owes oee cone mary
Flash Point D-3828 e 217 216 212 210
Viscosity Index 2270 |
Note: Alarm Limits are variatie and dependent upon dataset size and o be used as general guidaine
Mosin o (N : moRMAL o M totioveivarngint) , woor [ wenon  (vecondteer arnng it
: First Level Alorm Alert Lim in Uinper Level anior Lavwer Level
Uarning Upper WARNING Lavel L-Warning © Lawer WARNING required Lavel Second Level Al Alert Limetin Upper Level andior Lover Level
Baseline  wil be data of either "The new o" or Reference ol or "0 specicalion’ THO =The new of , RO = Reference oil, 05 = Of Speciécation
Aocuracy of interpretation and recommendation are based on representaives sample and information supplied. No warranty is expressed or impled for this report
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FOCUSM # 1S09001:2008 Certified Eocislatiitd,
Fluid

& Oif Analysis Technology
¢ Code 20010 £ UnitlD :Hydrous Ethanol 95
s Name : KMITL u
T ! .
S Addrass : 3Moo2 Chongkrung Road g VoTyee (3 Fyhs G Overall Condition Rating
£ " Lackrabang Bangkok 10520 £ UnitMake : MITSUK WARNING WARNING
L T Unit Model : EC300AE 1 E :
Site i r B J
Location : ?%‘m“ﬁu‘t& T CASTROLACTIV AT 04 20NN 3 : '
Testcode : EB0400 60400 611100 ' =
Oil System Capacity : Q)

Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Note abnormal iron detected

Dirt (silicon) is present and resulting in abrasive wear

Oil condition tests indicate that the ofl 1s slightly degraded

Recommend check to determine how dirf is entering the system and correct the problem ta prevent further dirt entry

Recommend change oil and flush system with clean ofl to remove contamination, If the ail from this sample s still in use in this component

Current Sample | Previous Sample Baseline and Alarm Limit
Condition Mistory. " Wear. il Cant, . Wear Ol Cont.
| - . N A Alarm Limit
ANAEAA pm—— S 2 Alarm Limit Matrix -Set Name
t::llebm g 2063524 20";522 3 (Equipment type / oll type)
Date Sampled z & 23-Jan-13 21-Jan-13 f_ Engine Gasoline General
Oil Hours (Kms) g -, 75 25 U\ Castidl Actv 4T SAE 20W40
Unit Hours (Kms) } Mot Given Mot Given N
Oil Added (Liters) { | E
Filters Hours (Kms) | [ |
Iron D6593 1 2612 W 6732 W| 2453 W 2352 Wi 215w 857 U
Chromium D:GO9% | PP Iy 310 179 281 18 216 29 0 *60 >80
Lead | pesgs P | 14 00 | 13 10 10 00 0 »60 »80
Copper | pesgs | FPm 75 20 | 5.8 13 45 06 ] ‘ >60 60
Tin | 06395 PPM ) 11 08 | 1.2 174 05 0.0 0 ¢ *60 >80
Aluminum 36605 | PRI 726 W 619wl 682 W 629 637 W 225 0 4 >60 »6)
Nickel | FPm 11 04 | 07 a3 04 00 0
Silver | PP 00 00 | 0.0 00 00 00 0
Molybdenum 1 PPM ) 46.8 20/ 425 43 399 46 42
Titanium N 25 | 08 15| 05 23 0
0Oil Condition bl
Viscosity @ 40°C | 1481 1371 |- 1328 122
Viscosity @ 100°C ] <8t 153 [ 147 145 136 <054 21773
Oxidation ETIR | Abs 142 W 105 82 50 21125
Nitration FTIR Aby a7 8.0 2.2 a3 >1162
TAN ours. |
TBN Q4739 | 62 | 6.8 78 3
Water FTIR | % (W) 0138 | 0117 ‘ 0103 05
Fuel | saw | >75
Glycol FTIR A | 0 o 0
Soot R | mmt) | 080 I oeo ' o080 ) 225
| ROE fine |
Varadind Rl | e 0 ! 0 @ i Ucaution UiWwInG! U Cauten
Sodium [ 25 18 14 2 >100
Silicon { 65.0 W 527 W 57.3 W 546 Wl 51.8 W 23.5 2 >30 >3
Additive Element T
Boron PP 11 | 13 19 4
Magnesium o PP 1337 17 ¢ 1082 1062
Caleium 06595 [ “PeM_ | 688 5891 | 551 49
Barium 06595 | PP | 0 ' 0 0 0
Pnosphorus D6595 | PPM 870 | 806 837 966
Zing 6 PP 1368 162 | 1238 145 1185 133 1207
L-Caution ucmm
Flash Point D 215 218 201 210
Viscosity Index
Nole: Alarm Limils are vanable and dependent upon datasel size and lo be used as general guideline.
NoSn o (NJ: NORMAL o B (Fstlevlwaminghmd) . W or . : Wamng  (second level warring i)
First Level Alarm _Alert Limt inUipper Level andior Lower Level
U-Warming : Uppar WARNING Lavel L-Wamning ¢ Lowsr WARNING required Level Second Level Alam Alert Limt in Upper Level andior Lower Level
Baselns  wil be data of elther “The new oi” o ‘Reference ai* er "0l specification”. TNO = The newoil . RO = Reference o, 05 = O Specifieation
Accuracy of b ion are based on rep samgle and information supplied. No warranty 15 expressed of implied for this u-porl_
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Performance and Emissions Optimization of Hydrous
Ethanol Small SI Engine

Ratchadabhorn Pankaew', Rathapong Kammool', Rerngchai
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Abstract : This research was conducted to evaluate a spark ignition engine
in order to use alternative fuel, hydrous ethanol. The research will focus on
the comparison of chemical and physical properties between hydrous and
anhydrous ethanol. Mechanical efficiency, pollution and fuel consumption of
the engine were investigated by modification of fuel system to close with
stoichiometric combustion. In the view point of global warming and engine
pollution, this research would be helpful for Thailand and ASEAN users to
consider about the possibility of using hydrous ethanol in a small SI engine.

Keywords : Anhydrous ethanol, Hydrous ethanol, SI Engine

1. Introduction

Nowadays, it is widely accepted that
the ethanol SI engine. It reduces
tailpipe emissions about 30 percent,
and also reduces greenhouse gas
emissions by up to 59 percent from
well to wheel. It also reduces the
crude oil import, saving resources
used for transportation and reducing
the risk of harmful oil spills [1].

Due to energy crisis makes the fuel
price rise and more likely to be in
fossil fuel poverty in the near future,
using of biofuels such as ethanol or
biodiesel could play an important role
in order to reduce the fossil fuel
consumption rate. Thailand has the
high ability to produce ethanol due to
having a lot of domestic plant material
such as sugarcane, maize and cassava.
Furthermore, the ethanol also reduces

emissions  of  hydrocarbons, a major
contributor to the depletion of the ozone layer.
Therefore, we applied the gasoline engine to
work with ethanol, hydrous ethanol, due to is
the most concentrated grade of ethanol that
can be produced by simple distillation, which
uses a blend of 94-95% ethanol to 5-6% water
and anhydrous ethanol means an ethyl alcohol
that has a purity of at least 99%. Normally,
anhydrous is more popular than hydrous
ethanol due to anhydrous has more a purity
than hydrous ethanol but has more cost for
distillation process [2].

We found the problem of using anhydrous
ethanol with the high cost in distillation
process. It is a good idea to reduce production
cost by using ethanol that can be produced by
simple distillation such the hydrous ethanol.
The present research is comparison of
anhydrous and hydrous SI engine performance
and emissions evaluation for  better
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understanding.  Consequently,  the
objectives of this study are to modify
and evaluate (engine performance and
pollution) a small ST engine in order to
use hydrous and anhydrous ethanol
fuel.

2. Methodology

Table 1 shows the comparison of
hydrous and anhydrous ethanol
stoichiometric combustion by equation
(1). The engine, main jet and
developed vehicle are shown in Fig.1,
2 and 3, respectively.

[A]C,HsOH + [B]O, + [C]N,
— [D]CO; + [EJH 0 + [CINy (1)

Table 1. Mole number of fuels

Hydrous ethanol Anhydrous
ethanol
[A]=1.0 [A]=1.0
[B]=3.0 [B]=3.0
[CIS11.08 [C]=11.18
[D]=2.0 [D]=2.0
[E]=3.08 [E]=3

Figure 1. Small SI Engine

Figure 3. Car for Engine Installation

3. Results and Analysis

The results of this research present two
sections as the step to find the suitable main jet
size of hydrous ethanol and anhydrous ethanol.

First section, find theoretical main jet size to
install into carburetor when use anhydrous
ethanol as a fuel, that is:

F‘m_f_[( s )(YQOS] _@

Theoretical main jet size of carburetor for
hydrous ethanol fuel is No. 102. Figure 3(a)
shows the result of four main jets test with
various loads, 0W-3000W. There is two main
jets size can be used for all of load, is No. 115
and 120. Figures 3(b) and 3(c) show the result
of main jets No.115 and No.120 emissions test
with various loads, 0W-3000.

Second section, find theoretical main jet size
to install into carburetor when use hydrous
ethanol as a fuel. From equation (2),
theoretical main jet size of carburetor for
anhydrous ethanol fuel is No. 104. Figure 4(a)
shows the result of four main jets test with
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various loads, OW-3000W. There is
two main jets can be used for all of
load, is No. 115 and 120. Figure 4(b)
and 4(c) show the result of main jets
No.115 and No.120 emissions test
with various loads, OW-3000W.

From all of results, the engine
performances and emissions level of
both fuels are comparable. The main
jet No. 115 is best for both cases.
Finally, the brake specific fuel
consumption (BSFC) can be estimated
by equation (3)

m
bsfc = —f
Wp

For anhydrous and hydrous ethanol
engine at 2000W load, BSFC are
1.673 x 10™ kg/kW-sec and 1.835 x
10" kg/kW-see, respectively. In
addition, brake specific  energy
consumptions (BSECs) of anhydrous
and hydrous ethanol engine at 2000W
load are 4.50 kJ/kW-sec and 4.58
kJ/kW-sec, respectively, where the
heating value of anhydrous and
hydrous ethanol are 26900 kJ/kg and
24995 kl/kg, respectively.

[7]
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Figure 3. Results of Anhydrous Ethanol
Engine (a) Performance, (b) Emissions of
Main Jet No.l115 and (c) Main Jet
No.120



Regional Conference on Mechanical and Aerospace Technology
Bangkok, February 12 — 13, 2013

RPM
o
=S

LOAD

(a) Hydrous Ethanol Engine

EMISSION

(b)

EMISSION

()

Performance

LOAD

Hydrous Ethanol Engine
Emissions (Main Jet No.115)

6

L

[ %]

T’ﬁ"’ T — L alE ' 2T 1 T T O pe—
|-l°-l CO
i S, W S N
= 4 =HC
“..0' l
@ﬂ" = = ="k
0 2000

Hydrous Ethanol Engine
Emissions (Main Jet No.120)

Figure 4. Results of Hnhydrous

Ethanol

Engine (a) Performance, (b) Emissions of
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Figure 5. Measurement the Fuel Consumption

of hydrous and anhydrous ethanol

Figure 6. Measurement Electricity at 2000W

and 3000W .

Table 3. Compare electricity of hydrous and
anhydrous ethanol.

Fuel Hydrous Anhydrous
Load Ethanol (A) Ethanol (A)
2000 8.65 8.67
3000 12.8 12.89

BSFC and BSEC could be calculated by
measure the fuel consumption rate and
electricity load as shown in Fig. 5 and 6,
respectively. Electricity load are summarized

in Table 2.
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4. Conclusion and
Suggestion

Using ethanol efficiently should
modify main jet to bigger because of
low heating value when compared
with  gasoline.  Emission  and
performance  of  hydrous  and
anhydrous ethanol are acceptable
level. In case of fuel consumption can
conclude anhydrous has brake specific
fuel consumption 9.7% and brake
specific energy consumption 1.8%
better than hydrous ethanol.
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