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ABSTRACT

This research presents an experimental study of the combustion of ethanol blends with
gasoline in a constant volume combustion chamber. The test fuels are gasoline, E20
(ethanol20%), E85 (ethanol85%) and pure ethanol. The pressure in combustion chamber was
measured. The images of flame propagation were recorded by schlieren technique with high
speed video camera. The effects of equivalent ratio, temperature, pressure on the combustion
characteristics were studied. The results show the greater percent of ethanol provides faster burn
rate of combustion and higher peak of cylinder pressure. The peak combustion pressure E100 is
0.873 MPa which is higher than E85, E20 and EO. The ignition delay time decreases with higher
percent of ethanol. As the results of flame propagation images, at stoichometric burn duration of
pure ethanol is 13 ms which is shorter than E85, E20 and E0Q. The combustion duration of mixture
at equivalence ratio of 1.0 is less than that of equivalent ratio 0.8, 1.2 and 1.4. The flame speed
and peak pressure increase with percentage of ethanol. The faster flame speed of ethanol flame

effects to shorter combustion duration and greater performance and efficiency.
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ABSTRACT

This research presents an experimental study of the combustion of ethanol blends with
gasoline in a constant volume combustion chamber. The test fuels are gasoline, E20
(ethanol20%), E85 (ethanol85%) and pure ethanol. The pressure in combustion chamber was
measured. The images of flame propagation were recorded by schlieren technique with high
speed video camera. The effects of equivalent ratio, temperature, pressure on the combustion
characteristics were studied. The results show the greater percent of ethanol provides faster burn
rate of combustion and higher peak of cylinder pressure. The peak combustion pressure E100 is
0.873 MPa which is higher than E85, E20 and E0. The ignition delay time decreases with higher
percent of ethanol. As the results of flame propagation images, at stoichometric burn duration of
pure ethanol is 13 ms which is shorter than E85, E20 and E0. The combustion duration of mixture
at equivalence ratio of 1.0 is less than that of equivalent ratio 0.8, 1.2 and 1.4. The flame speed
and peak pressure increase with percentage of ethanol. The faster flame speed of ethanol flame

effects to shorter combustion duration and greater performance and efficiency.

II



naanssulseme

¢ H a a

medwusiduiidude 1480100 3u191001913 6715081 weas. Sua Ty

. ¥ =
wialwd # Itawdemie Tdauue lumsudilym aasasulinnuiuazilszaumssing

' 9
uAt i
o o s 4

vounu Nediahidesveveunmne As.yd vanUduaz as. quany Talnyad gu
o 4 ¥ a wa a e J a A
#nA1 59918 AUUIAA AN IUUN Aaoadudmif el §ian1sidodemasdanm

o = o o M = o é - )
ao1uItedaqurenauag 819158 giiv DTy uazguiiay leasdya n1aimn
e A @ o 1 o
Fnssuniesna aaniuma TuTatyuiu Heyms e Itugatannusuludoam Indlu
¥y 9

NINANBIATIT

YDVBUAUNN A0 UNLINGSAY aazindsnssumas umasAalng Inouvaauiy
ar s & o [l 1 A ]
Funs NoynsednmsEndenisin leanuiigs

o 2 ' a o o °
YDUAM AUBINA LUAZANY Erice Yeo ursuism lamailsemea'lne $1da Auuziild

saz WdnSnuims ldaundesdwin leanusage

=

a o aa = cin - :i L) Yo < [ n’:
VOURM AUGING WWERYTITU Lo WARA Bounlsuia n1vafsnelumsiSuas
MIUNNHULYT I U

~

=3 o A - a da o o o a e ﬂl’
YOUAM AUUITH Fu51H NFsguaneInugnssididansetind luaudseil soull

Ao o a ¥

= a v A wa ¥ ¥ Y 4 v Y o ¥ R |
0N WUNE WHYU INDUDA UBIIN UDINDU ‘LIEN?] uﬂﬂIﬂﬂ HOIY8 HDID NBQIB HUadUon

L4 9/ =

o 1]
veoayu esitlon deald ey doautls Yosus uazdesqnnauiidinanumlususuonu
' t 4
oud aoume TulaBwszremndudnaummisaranseils Noiuaiuglnsanaceusyail
2
Y
vounm 1 aorduma TuTadnszsoundudigunnisatanszils uevsy
s - = a‘d.’
TUUAYUMININGUNUT
[ v a a a - g  a n’.' 9 Y =a
dmfvguamanuasulanifanndiygrinusatul dmidwensulifuian
£ oo a a - o't o ] a
wismnFuuninnanss uozquiagif gasold aneaaungeInIdmnsnynriuild

szansuszamimnanuiuastenenlszaumssing uddmwi

Usemu v

I



wih
UNMARATONTHTINIY. ...t e e eseee s eaeesessessssasessenseaseneseeans I
UNAAUDNTHIDINY ...t eeeeeieieeeeeeeeeeseesaseesesesseesasesesessseessssseesssesseesnsessessens 11
LT DR U 12211 SO I
IR i S s bt A e A S o \Y
et O SO VI
BTG ... covrmenscmensmnns v s sosuaeners ssmsms e s SRS R U S VN S Vil
LML UV, oot e s eresee s e e ee s ee s enesee s s es s eere s s 1
11 A e a A uoailam . 1
12 A anuouns AU A uBan IS ANYI. . ..o 1
13 EUNATIUYDINITANB L cooeee et ee e 2
1.4 NOUAMTOUUIRIIAATIFIUMIITIT. ..o 2
1.5 UBUIUANIT I, ...eovveeeeeeeceeeeeeaeeeeeeeisseeeeeeesseeeesseseessesesseensenseeseeneenns 2
16 TUITOTAIITOL. ...t 2
17 SURBUNTIANNY oo 9
wniiz quﬁ#ugmiuemﬁ%’u .......................................................................... 10
21 SanidnauIEnIaomAue I (Theoretical Air-fuel T RO |
22 INAHANITIIUNTNEUUYETITH. ¢ oveeeeeeeeeeee e 15
23 M Az 0. ., 19
24 ifuwaulumnm'lmﬂum?muuﬁqmzLﬁﬂﬁ"wﬂizmu'lﬂ .......................... 20
2.5 ngugmsnwvesad Iuuuaisiuig(Lamina flame speed)....................... 22
2.6 FamsianruEalumsameesad i ..o 22

27 wavonlfAsomaniinazmandeuulasmenmoenmiinadeninidalu
Mg ISR aUA M. ... 26
2.8 e YR TUMITEN TN e 33
N3 QUNIEINTINANOIAT IS ATINARDL. oo 34

8 4 4
3.1 mstmuadeu luSudumemenmuesnsen lndvesnisnaass lurieawn

" d
L E TR T L R 34



a13iiey (A10)

nih
o
32 DIOONIIRUOTANTIMROOT. ... ivosvsssmmimissassssssmissoss sk sebaRerTrise 37
4 ad
3.3 WoMAINIFIUMINABOL. .o 45
34 gunsaiianuduludeoamnInd. .o 52
3.5 QUATEIMIEIBMMUDLYTII M. ..o 56

L o L) J - o y -
36 MIfmmuanUFURUTF UM RAUDUFRINAI UNIN VD UTDING Y. .59

3.8 ABMISNMAND. ...oooinserimrsissorsasssassmnrssssossessosssassssissssssesensssssrassssnssesd 63
- a
UNT 4 HOMTNADDIAL IV IT A NN TIVIADD e eeee oo seoeon 65

e é 1 o ¥
4.1 wamsnSeuisuanuaulunmswn Indilesgaruourifuszning

DV TUBDMAZIUUG U, ..oooo oo sessssssssssessessssssessessessesssssesssemmensesseseens 65

42 wamsnfFouioumaen Tl fimsasd eIy L. 66

43 MNEWNITAUBIUATII. ..o seeesessessessssssssenaeens 68

44 HOVBIMTIARUATUMISAMVOAY N oo 70
UNT 5 AgUHOMISNARBIMAZTOIUOUUE. ... oo 79
5.0 ATUNANIINADD oot 79

5.2 O TUBIUE e8]

A T2 K TOURRORS USSR 7.

DIIURT caiscicicimnsnimmesiommmmonimmsmesssesmd e soessimemasemnidisisisassieseiss iz srsars 85
MANUIN A QUNTHNIINAADL. ..o eneseeenses s ssssessessessss s 86
Manuan 9 gUnsal lumsTuinn WS mue a2 .. e 99

- o d' o d U
MANUIN A HAITUITON TARNUWHOUNG ... oo seenressens s 103
L T S S S 124



MUYMIN

Ml wih
L1 anwuvear fnlediSuenueaunzidurimguinatsvesfagngudafu.......8
21 AT IO IR O N AU UTURTUTITUN e 11
22 a1 eufouauTAVE U DNA NN TUOAUATUTY. ... 14
31 Fnnmnaaveuemainmsii HAYBIA AU OUNIINU. ............nn6]
32 Frnmnaavesdemamanidmo HOYDIABATIAIUAUYA S = 0.8 ..o 61
33 FunmnaavedemAINMTAIN HOYDIADATIAIUANYA P =1.0 ..oooeeennenen. 61
34 Srunmnsiavesomdsnnmsnon HOUDIAIBATIEUANYA P =12 ..o 62
35 SunmnsiavesFemasmansdi HOVRIADATIAIUIUYA P =14 .o 62
36 Frnmmsiaveudemdnnmafn anusuudy B =15kg/cm’.............02
37 Sanmnstavedemamnnifnin QUUQRGEUAUT, =470K ..o 63

VI



U
CRRALTPR]
i i
11 Feiituntsunsamvesnim IvesFemauenueanigumgiGudulumsnnd defu
TR IANINMATANTAWATNUULYTITU. c.eovveeeee e 5
12 amewmsammesnlad Iiisasidumuyaniiu 1 arudududulumsen nd iy
0.1 Mpa QUHQTEUAU IS TN 358K ... oovoooeoeeeeeeeee e 6
13 $afilumsomveuan Infisasdrumuyariiy 1 armsududuluntsenlngd 0.1
MPa QUMQTEURU UM MY 358 BIAUADTO e 6
L4 amoiennmamenmuuugsisulumsnSeuieusalimsamveslan e B0 uaz
E15 finnuiuiudulumsenTnsdvindu 0.1 Mpa gamgiidudulumswn Indfivify

358 DI IAD IO e ee e eeeeeeeeeeeseeeeseeseseeseeseneesesenseesesaeeenns e eeae e eenne e e e e e 7

v

2.1 uanszuuysisuniumasduiauaaiiugauvasiutiauesdiviauuuiiiadauas......17

P At ' o & -
2.2 WOATT VYT UNTUAAII WA YUIN . oeeeeeeeeee et 17
2.3 LOAUMAIN AL YU IALAZTARRLTI. oo 18
24 UAAIAIDENYANADBIYTIIU covveeeeeseerseeceenesssssesse s sssssssssssessssssesessesssssesssssessssssssserees 18
A a
2.5 MIRARUNVOUL A W I OI I e 19
A - -
26 nszmumsmﬂnﬁ'ﬂjmmsmuuﬁ'&mszmﬂﬁ'suﬂizmu'lﬂlumaqwm ........................ 20
¥ & s A 4 a
2.7 ATEUIUMTIHT ML VDA T DI UAUBIUATOWUATTI. oo 21

2.8 uaadts mafavesnudalumsgn Indardiug Taonudends lien Iniad lm
UMM Indi SL = vu uagesnnnunufinel§asoimsen Tniianuga

VDRV s 2t e e Tl . BN eU et o S - S 22

VBB IR T LRI U e 24
4
2.11 onsnavesdTuawemas lueimademanudvesdal Wwuvarsows ... 27

VII



asvygil@o)
il 'y

a a J a v ' =1 da ) r 1
2.12 ﬂ‘Vlﬁﬂﬂ'llﬂﬁll?u1ml‘lfﬂlﬂ‘Nl'l-lﬂ'lﬂ'lﬁﬁf)ﬂ’lﬂ’J1lll.i'J‘llfNlﬂﬂ'ﬂﬂﬁmnmiﬁu‘}i ANNU (D)

.............................................................................................................. 27
2.13 BNFNAVOITAVUAMUURBUAD S, UOLS,  oooooooeeeeeeeeeeeee e 29
2.14 dnswavesmsdnua el CH, de S, vo1 co wnlndiueme .................. 29
2.15 ONTWAUBIAVIUAU PABD S, ..ot eeeeee et eseee e eeeeenens 30
2.16 BNTNAYBIGUNGTEURU Ty A S, oo eeeeseeeees e eeeeees s 31
2.17 INFNAVOIGUNQIAYIN 7, 88 S, e v, 32
2.18 Bnsnadauvesmiveu r,,, Ao anuEigegalumamn lnduuuaniimg.......32
3.1 AU uARUNYTEURUIUMITI I e 35
32 msdsznagangiisluniessudyszidadiedsemeliidferauanizasd.....3s
33 QUUNTYBIOINMIAATIQUNGIT O TN, o 36
3.4 MINA0DIARINAUINUT AU UM IS TN o 37
3.5 WONIS1005UUTIAUYOINIOAT IO TV ..o, 38
3.6 AmAANIBTUYEITOUN NG ... 36
3.7 M IAVUIAA T TIVOITTETUAITRA oo eeee et sens e 39
3.8 HAYDIMTIAATINITIVBITITIUDITITA ..o 39
3.9 wams§1aeenme17 (udung) voses s IURB IR TN oo 40
3.10 110 10ATIITOREITOUITINGY .o 41
3.11 uanaier s TumTanue s a1 OEONA oo 42
3.12 uansdernAena s sedemaad e oasn el oo 42
3.13 msmammw1mmml.§amﬁqﬁﬁ'1mdluﬁa1aﬁvim'm1aﬁ ....................................... 43
3,14 HONTTNAOOIBATONATIUNO OB 43
3.15 matemanuieudumiadeasn Tl Tnddmuenagmisiosn Inddwu............. 44
3.16 nMB T BRI Tuuaz R TR UNION MR oo 45
317 R UNTI M IIMANB. .ottt e e 45
318 WO T TUIATAN .. 46

3.19 waz@engUnsalueadearn gl ]
3.20 unsaiteloRd i oam N ..o, 47

321 QUATBIUTUADIMIAUB I oo seee e sees s eeeessee 48

VIII



msiy;il (@)
g1t wih

3.22 YANTOWATTIOMAUR. ..o

R T I o i o e e e 49
324 TIVTVUT IR ..ot eee et e e eseese e e e e eseeeaeeesaresasenseseessensensesennen 49
325 I T AT RO U NI OUADT oo seseenessssssssesesssssenssssessesssseseesseesssesesessesssneee 50
326 W AP OUTI NI A AUUOIUED e e 50
3.27 YANUANEAIADT(F10) BARBTULLTANIO (191) ..oveeeeeeceeee e, 51
3,28 UMV ISRARINOT TUFUIO e 51
3.29 QUATHI IR INIA. ...t 52
3.30 e IanuaulumMITan e Ium e v, 52
331 AN I U UDUTUIEDT oo seeeneseeessseeeseeessssesessesseneeeceees s 53

3.32 Tilsunsu DEWESOFT 6.5.1 lumsifusdeyalumsen InifuSeuioudugsnm
HAIVINNIINTTHI. ..ottt 53
s J a Y g a

3.33 Hamsmuguasiavedemaazmsiassna lunsinveaudema. ... ..........54

el J a o L J -
334 W3 ﬂ'l‘Iﬂ’]‘lJ?]ﬂﬂ'ﬁaﬂﬂlﬂ\'lL‘!fﬂl‘l"lﬂ\‘ll!ﬁz m3iaganalumsfaveusomas. . .............55

3.35 AegUNIAIMINAADIULYTSURUROUNT I .o 56
3.36 YANUHALIY (LIGHE SOULCE). ... vveeevieeeeiee e eieeeeeeeeeeeeseeeeeeeseseeeseeeenesseseenns 57
3.37 n3zanlAg (CoDCUIVe MILTON). oo ovocvsn sun suasssusssns soombarsssrmsbass i ssim fos o s ias s ot 57
3.38 NTZINTYUTIY (REFIECE MAITOD).......veeeeeeveeeeeeeeeee e ssanans e essseeenseeeeeneseeeees 58
3.39 YATULARAITG (KNife EAZE )....vvoveeeeeesereeesceeeeeeeesceeeeseeeeessesseseeeeseaesssseanenas 58
3.40 NBBITIIIA TOADMIT VG sssssssses s ssssssses s esssss s 59
o o v v - A’ a e df a
3.41 ANUTAUFITZNI999m TUMIRAVBUFBINAIN ULV UFBINGA. ... 60
& 4 a
3.42 MITFIUIAUBUTBDINGN <.coovverreresenanssiennsssssssssmssssssse s sssssssesssssssssssassssssseseesesssessssseees 60

3.43 A UMUUDINEIIUGUATAINAND ..o 6
s £ = A o [
4.1 wovesnnuaulumswn IndulSoufoudogwasauanudoumintu...................65
. A L - L s
4.2 waauuan lumawn IninlT oumoud oA NS S8 AT DU U 65
4.3 wavesnnuaulumswn IndSsumsususisnamdsnnmsen nlfisasiduem

T e T W DO Y sk Cn | e e IR 66

IX



asiigygi(ae)

I‘J"‘"‘ i

4.4 pavosnnusulunmswn IvduSsumsudusisnamdsnnmswn ninoasiau
DT YU AR IIIU oo eeeeeeeeeeeeeeeee e e ee e eee e e e e saae s e e eeeeesennneeeeseaaansansnnnnnnens 66
4.5 susyaunn lumsen Tnd HA0as TN 1 ..o 67

4.6 nmawumsawvenlad Indromaiingiisundesdn lenrmudaluiuiinnm 10,000

47 amddumaameelad Indrundesin Teanud lutiufinnw 40 flame/sec .......... 69

48 wovesdunauemaweRuTimsawveaad Ifna lumsennd o Sasrdau
TTULDVIINU 0.8 . eveeireseieie e e et se e se e e e e e st e see e et e seeseeserese et e eneennas 70

49 wavesdunauTamAoRUTIMIa WY aa I lumsiennd o Sasrdau
TUPONIITU 1.0 Loeeeiiiieieeiieeieeise e eee et eteeaseasesaeeseesaseseeaseenseaenenseeneensannens 71

L J = i\ J 4 4 4 o 1
4.10 Nﬁﬂﬂ\‘lﬁ’luﬂﬂﬂl‘b’ﬂlﬂﬁﬁﬁﬂﬂuﬁﬂ'ﬁﬂ11J%Iﬂ\'lk1]ﬂ'31ﬂﬁl’lﬁﬂuﬂ1ilﬂﬂﬂﬁ N DATITIU

TULANIIIU L2 ooetiiienienieteiteeie e eee e e e saees et et e et e st esnnseenaeeesesesbesraensseensenns 72
411 navesdunauiFemasrenuiinawvenlad Ininan lumsenTnd o Sasdan

FUHATITL 14 .ottt s 73
4.12 Llﬁﬂmﬁumi'nnﬂﬂuﬂmm1ﬂﬁﬁﬁé‘ns1ﬁmﬁmgmmzﬁ?ﬂmﬁqﬁnﬁu ........................ 74
4.13 nSsuionsaenmlumsen Tnsdisas 1 mauyn 0.8 FU 1 oo 74
4.14 nfsuisnsaenm lumsen Tndfisasdamauyn 12 $0 10 ..o 75
4.15 nfsuifousaana lumsen Tndieas1dmueaiyn 14 80 100 75

4.16 navesdunauiFemasrenuinsawvenlad Infinarlumsennd o
gaungiFudulumawnng 470 09 Ra3UAZ470 BIFUADIA. oo 76

417 wlisudisugrsnm lumswn Indiigumgdisudulumsenne 450 ssrinaia fu
DATITIUAUYDINITL 10t 77

g < { o q. o
4.18 wavasunmsaueanlad IMianuaulumssudulumswnlng 1.47 11960 147

4.19 WSsumsurranar lumsen Tndnanuduisudulunswn Tvil 0.98 11§

O LT U0 e e eeeee e e e et 78



1.1 anuilwnmazanudfgvestgm

o § 4
TuilsgiusinudemdsluaaiaTaniisimigeiuiedanaldlssmsuiiany
-] a J [ n’: Y [ Ae{ - - ¥
woafoulumsmuiiuvessimaaiumesguanaymissnuiinerdestaliuTouelums 1y
g - [ A o : o ©a L
womasnasaunaunu lunsessuauna Tedufsmsnauenueaf i uUUSU 512
4
dszma lnsausandaenueanniwsanislulsemaldtauiiumsaanmnindusemas
nnaelszime
- L") L 1] L 1 & J -
At luilepiudeau s ldmsdumsdfoudauniesoud enuea l9iyemas
A ' et yda & 4 o o o4 4
maden uamine: WMianwiuazanudlelunsen IndndduSeiuiuies dosweartuis
& a’a. ' A a a 4

myauveaad W ludeam Inddsmiinadeaussouziniossus 39 1dnauulfanads
) d A o A o J
wouw InddSuiasasi weldlunmsdraesniswn ndlunsessud laseuise dSua
dasidauauya msdsuguugisuaulunmswn nd msdSuanudunasudulunism
v & v @ v e v 3 - "V v W A o
Tndl Feiladoenaniiinaderrswalumswn ndveslan Iiinade ginsveunTesoua

v k3 d
WUt eI ouziazauany vannnids lddeam IndtdudunuulunmsiSuuds

& s a 4 o A Yt d do

insossumuuguinauenueailundsunaden Iiliaussousgeiiu Ndasinis

v v
Aunlfsauazawanynanasde 11

1.2 annjevinanaz ingilszasAvesnsanmn

SaquszasAvesmsdniniiae

1. wdreearn InduuuySainasasit e 19 unsamvesnlad v

2. Amnamonsgrawveaan éedsyisuerh lumamaielumsn i
miamvesad uazdrsnarlumsmn Inddahnimensademaslumudu (£0) 1

Muoa (E100) uaziuudunauenuea lusaaudovas 20 (E20) Souay 85 (E85)



13 auufigIuueInsany

4 a & o A& w o e
m3 enmusadludemamaunulumsesouduia Taduiiude ludinsUSuuds
° ! ' J a  w ° A
wieeudazi g unayse nuyemastuenauesi I aussouzveuniessudanag
: s d o & A I L e o
fuafugau sniudeslinsiliunsauniessud lnsmsiiulFuiumsniedemdail

o 1 o A o J A = a a
sandmauyamuzauilunai Itaussouzvouniesoud guiuienSsumsuiungu

1.4 ngunsemINNNAANIFIUNIdE

o a A = a
nszuumseEn Indludimazmsgasziiaveuniesouduia Taduszisugalszme
A o o '
T diaamswn vl afafluussiandngnguindouansninguimeun ludagudnods
i J A L ' 1
WA mfanmns e adiude s lndnud s ez Tlsslaudmaneseduneauves
J a o E!'. o 1 1 LY [ A a' 9/ L]
womasnueIMaNeaTIdIuanY udrdmuaou luSudunmemeninlunisw Ind wu
gaungiiudulumsenlnd anwdusudulumsennd udahnsgadsemeonildine
v J - o ¥ [T ] o v
mswn InaliFemas i I ausadasianusulumsw Inifuaznmlunmsawvesnlan

1 J o { i
T luudaziwomas lduazAnuiledeninadeanudlumgnawvesnladnld

1.5 YaUIVAN15IVY

a i 4 4 a
1.53.1 ﬁ%’wﬁmzm 1Hﬁllﬂﬂﬂ‘ilﬂﬂiﬂﬁﬁﬂ]uﬂ'lmﬂﬁﬂ'ﬂ'lﬂ'l‘i W 1“171]8\1!.‘58!“ GRS TALT

HoulenIuen
4 a a
1.52 MIsnaaosmsm Indvearomas (E0) wazioniuon (E100) AnoavUlLUNY

WEUIENIUBASDAZ20 (E20) ARDAIUILIUTUNTNIENIUDATBa 85 (ESS) Taemstlou

adw

ﬁfamﬁ“a'lumsJm‘lnﬁmmqugnanﬂﬁ'suﬁuun 0.8 1.012 1.4 udtinsarugudauls

a g

AulumsinInidife gangliGudulumswn Ind 450 esrrunaia 470 eerunaia uazay
o i 4 o
guisudulumswnlngd 0.98 115 uaz1.47 115 WenSouReuan ldnnmswn Inil1d 1ae
L Al 1 é A
amawmiawveanlad lidromaiingdisulundas dadiuvesuuduiinaueniueaie

J [l
WSsuimeununnsauvesnlal v

v
ar = k24

1.6 1WIVeNINeIvTe

14
@ aw a

. L A - >
Tudauilsznandenuitesineidestumsm Indveaemusaninielullsemeauas
4 d P 4
mMeuendszma Funeanunsw Ivdveseniusanslumiesouauaz ludeun ngd

- 4
USuasnan



A 'w A o 4 o Vv
mawn Indluedessuduna Todunds lilinslfuldjuniessuatiuh daussous
A [ aw i . =
Y94IATOIVUANAAUTUNITI VOV Somchai C.U0¢ Manita T. [1] 1AN13nanesdanmanyue
A (=1 o A 4 A o v
msen lndveaniesousuia Tedulaolilinsdiulguniossud veuniossudszuuie
J = o s & el o ' 9 J a )
Weomdswuniysmes ¥ lilinsveevuiauumy (mainjet) Wums IFemauuugu
' o A 1]
neruemueaiovay 10 15 40 50 nuhanuaugegalunmswn ndzaanuiionaudasidu
: e -5 : o & o &
lmusaiunniu Ausyduyaa lumawn lndiidigede wudunagisdiuuialums
sRRaNADSATIEINEIUBATBYAZ 10 151040 awde wiuldhuaashmamulSunag
youemusatuilumar I dunialunmswn Tvddas ansawvealan Iuazyaelu
J o z: a0 H
m3wn Imdvesad Iuudu Tasmwznmsawyeaar IS v unageesmmademies
{ \J L] L] L ’ J -
29-33 peruwadomIssnouguimenu Taveglusndasidiuenusanauideimisuudy
; ; gy 2 4 ;
n¥ovaz 40-50 uazfidmsmwveular IMiidiigeferemasuudu Fagl Tassau1dd
A‘ @ L £ E=Y L 1 1 J : { Q. o 1
mMsmusasIdukTuenueantuuusuludasidungaiutiu Taoinsmudasidiu
z = I’: L] i Ll 7]
womaaniu Mldana lunsawveat/as IMidasuazannuulsisaunnanuaulu
o & &
M3 Indiwuau
J L 4 A @ A .
apundluandseni lulseme Moadunmsmn ndlumsessuduazaussous Tagly
o . Q = 1 A
fimsilSuuds dszandud lasegns (2] 18Anvwansenudegluuumswn IndflumTesoud
Aw 1] Y " A A J =) A -
pszidindasdsgmelands lufinsdfvudunioswud e ldigemdwausznimwugu
v
(@YU 91) fuEMUBA 99.5 tlesiFud Tudasiaiu Asiife E10 E20 E30 uaziiinisnaaey
4 A ' o
32U ANUITITOVIATDIOUA 2000 3000 LA 4000 souABUT Tasn/Foufioufiy
g Y - i L3 A 4 - z _y
WomduUUBUNARaNIINAaINU Musaen lumswn ndveasemdsdemas E10 o2
- =i o 1] A ‘; o ] A J r . - L
fim1ndifveiu uddisiudandmpauveIeMUBANINBIVUAI)TA19 sz liauanarslal
J - E=% ; o 1] A L .
VNFONABUUTUINTUATNEATT dIUNTUYBUENIUED TR ANNAUgIgazila1anag
v ’ d 4 i i ' 4 . )
dumisessunardeimissinnudugagaegrasdunugagudaiouuuniudumues
d H L 1 L) @ 1]
Aumadoinioed 50 Wosiiud veurudiuulaiw Indudrsceguasdimus gaguiaie
J L] = o d. L 0 J 1 o -]
VNI uRefuyuesndemissmsvesdrvesad e liswniiu Amanududing
cl ] d'd 1 1 A( [ @ ﬂ. ' dvd 1 = ar
masLeriaianas uagmdulseaninmsulsAuvesnnuaudinamasiag e lndifeedu
NNAIUNTUONTUD AN UTY
\J Q A’ o A
mdulszansaruulsiuluvesnnusulumswn ndlunioswud 1ionueancu
WUFU NIV MLA. Ceviz (3] TdiaTemimdendnandeyanisiannudulums
.k v o A du o A 4 a
wn Indinden 50 IginslunTossuduia Todui lufimsdfulljauniesoud Taoldisomas
IWUBUNTUIONIUEA IAESAT1dIUN E10 E15 uag E20 91nwanisnaasswuaules sud

4 o/ ' A i '
dudlszansmsudsfulunmsenlndves E10 eziidwlesiduddosngai 2.352 uazE20 i



il Y & d d 4 d
wesiduadulszAnimaudsiulumswn lndvousomasuniigai 3.317 Fauiuldims
a [l = { J A o i [
wusasdmlSunasemuealuuudununiuveauniessuands litinsdfudgehid «
nf [ o o ai [} Jq ) J ci U ih:i
ulseAnsmsulsAurssnnuduiinam st A N uIutoInngana lumswn i
e
1 1 = 9 A = ar 1
ABIIZNAIDIANITOUL AL MM InT v unToeud e uBanda iU uas
A L aw W S - P o ¥
INTB0UA NY0 dgunauazamg [4] TaMimsfAnyitsaussouzveuniosoud eldie
o o o A a 4
yuea U3 95 wlesiiud uaz 99.5 wlesitud nlfvumsuiudemdwund Tadu Fwams
F i A 4
Hyemdasenmusalunioswuduia lvduiimsdfulgunTosoudie Iauso 19140y
A’ a =) a . o o o a
womauenueald AvmuvuIAYeIuLMY (Main jet) Tumiysiaes uazliumuesmnisge
; F ; g A .
52IAANNE MINATBUAUIIOULYBUATBIOUAN ANNITITR UL ABUAIUA 2,000 B3 6,000
] A A 4 a ' & s A v 4 a ¢/ d
souApuIi N5z Usng i1 inTesoudiile [isemas tonuea 99.50le51dua 14
L] - L J ) A L]
ausstauaziidenu lyanon@emdauudu lusaznldadseaninmniesanudou
T ] 4 J ° v
qand1 40-50 ulefiFua ualidasimsFunldeuremasdunizge ndlszum 10 - 20
A J’ A [-] o o
wlesidud wazis 1F¥emaveniuea 95 wedidud e wssdauazdidsnuesnut é1
' o [ - [ '
adnlszunm 2-5ulefibud uaz Idanlsz@nsamnieanudougendt 25-30 nlefiiud uadl
E 9
danmsauilfeasomdsdumiz geninlszau 30-50 wlosidua dewt suiand a35nw [5]
o [ L4 L - o o c‘: Y A o
TohnmsnaaeusainssusuaszuiiRauazmiyises el lddSulguniessuduas
o J o ﬂ'n - =) df - [ =
YFuljunTossudadromainysuanisinveusemas Taonsverssisnainisfaves
J - o ey L
womds MmunzausuguauidvewemueanSeuivutuudu srnmsnaaeswudl ms
o %ﬁ -: = A o d’ - - ) [ av @
dwenemusam fiuremdslumioswuaumusomdsuudulasdSulgeszuuieiniu
J = .& 4 Y s s A ! = A L4
womdunen Mmngtuguauidvesemuen TauelfiFomauenusauduniosoudee
] - ' - [ A
Tusathunnninlszanm 4-16ulefidud dauuseiineziininndt 10— 16 wesidud Wowey
[y A oS = ﬂ J = A 1 a A P 9
fMunToseuan [uuFuiudemduaziiosninnaianuiouvesemusaiilsuuntesy
¥ a £ o 9V %g - = o Y - J a " J =
A nUUEHI N ldFomaueniuealioasinsdunldsaamasnunnInsemna
=Y \J A
wuFUsEIn 25 - 38 esiud asundumansduaussouzveuniossuduls suiiou
L - A 4 o
FENINONMIUBAUAZIUUTUYDUATDIBUANIINDS 11 Matthew Brusstar [6] 18vn1snaaeslu
4 d o = = - a " o U o [ ]
wiosouauna Tadu Usasnszuengy 1.9 4as uaziium9as1dumsoaming 19.1:1 A1
. " L A i1
swirl ratio 1fu 2.0 TumsfnuSouaussouzveuniosouan ldenusauazuusun
L 1 o H J - L\ A' J -
HANIINABBINLIAAUSIHAIRAUILIA bmep YDUTDINAUBNIUBATAUNLIU 20 1T (N3
A -l o =) 1] :
19 wmeiTy) WeuSsuisufuwuduuazmadiesnnuilunsgn Induvuariduig #
L 1] A 1 o \J 1 A =Y d - .
dasdauauyatueIMaAnIfY 1.1 wudueniuealiauininuudui 10 wufiuaide

- =t . o J = )
U uag Christopher P. [7] 1avims3domswn lndveudemdsieniusanaumuduain



doyanusulumamn IndvounTossudeds ludasdau B0 E20 E60 Es4 Taousing
ﬁramﬁq'lﬁﬁmsﬂ%’ufhé'ﬂﬂrhuﬁngmﬁwﬁu 1 wuhanaydauwralumswn Indvesen
ueafigaTdumssaveunieud 8:1 nsgasziiadaeiiii 0 ssrunadomisedousud
meuunuiusyauualumsen lvdues B84 axiisnnuiand1 E60 E40 E20 uag EO mud ey
wazgasna lumswn IndildonSouidouii 10 wediSudimudauuaalumswnIngd (MFB)
vosmsiSouifivunsgasuidiadamibiiiesrmaidemisei 5 - 20 esrmardemiveden
guiarvuu wudwua iugsanarlumswn Indves E84 esziiAniosnii E60 E40 E20
AR

mawn Indfvesemusanmuuuduludoumn lndifinasasi muiioves s.Y. Liso
Wag DM. Jiang Z.H. Huang [8] laumInaasemswn Indvewenuealuieum ingd
Wnasnaeii Taeldmadiagisulumssenmnsgnanwesnlaa v iefnuwavesgungd
GudulumswnIndiifinadefafinawvestiar v Tasfidfudsasdiuauyaves
omasRuomaiAu 1 ududenmgangiisudulunswnIndoinfy 358 ssruaada
400 DIAUATIN LAY 480 DIAUANTD wn'iﬁ'ﬂﬁmsLﬁuqmnqﬁﬁ'nﬁu'lunmm‘lﬂﬁqq'i‘fuﬁfh
srinmamveaad Wi uigaumgid udulumsinud 480 serminaia 400 peruna
30 uag 358 paruAnia Ay Aeglit 11 uazgdldl 1.2 amnisgnatuveaadlddae

mAuAYEIsUENMIgasziianad g Taoudaz jiiisrsnaiuaniui 4 ms

4.0
OT,=358K = un
é=10 an "
* T =400K al .l.. o o® & 0o
3
O m1,=480K o et o0000 000L
.. * ’000000
e 200
- wE *n 0
” . " O
'5-2'0' =, %0
“ u, 5
-f.
1.0F
00 . 2 ’ " "
0 5 10 I5 20 25 0
r /mm

'
=

1 @ o J { -
Ui L1 Fedlumsawvesar IMveusemdsenueafigunglisudulumswn lnd

Annu lagiannmatamsmenmuuugEisu (8]



gt 1.2 ammsawvesnlad Inidasdmauyariiy 1 anuauEudulumsen Tnd

Wiy 0.1 Mpa guugilisudulunisenngd 358 ssaunada SumswnIndenam

Mudne [8]

\J @ A ' A q.
S. Y. Liao, D. M. Jiang [9] ldnansefnwarileteniinadenswn Indlugasuaaisnves
wamaaenusanauiuuudu ludeam InilSuiasai Tae 1o maauudu E0 E15 E30
uAZIONIUOA E100 sasiduauyaniiy 1 guuglisuaulunsm Ind 358 eerunaia
anuauEuAulunsen vl 0.1 MPa mianan Inaaeany el lunmsawvesad Ivleedl
" A. 4 o ‘: L3 d L o o
AEurumMInaouuasvessaiinlad Inidganunna 5 ms nasnnmswn Ind Tassadilu
msawved)ar Ivesenueaiisatilumsamwveswlad Idnunniigauaz Satimsamveshn
o o A A ol L ‘; o L
HYU1AITBININIAL E30 E15 E0 mudauasjli 1.3 dadunaldhmsmusasidiuvesen

a 4-'! ] o - " % = =
utmmmmu.ﬁm'.nﬂ'nnstaanﬂm'lﬂmmuaaﬂznmmmu WAL U UNTHIONIUDA

a
HaIUUYY
¢ gasoline © E1S -
°
- © ethanol °Oo
) o at
o-1.0 ooo ”
= o
g 30 ooo: ‘.. nunn
] o
g ooo:..‘ suun
-
.E ooo‘. nooﬁ .....
u’o P at QD:-’ ...
s" °0° .“ n® ....
= .—_,o° add ot ...
N o9 .n‘;n .ooo’
e ad_p9 -
ﬂﬂﬂggggsau::“...
1;999!!‘.’?992.......
0
' 8 10 - .

Time from ignition /ms
JUn 13 el lunmsawveslas lndasidauauyawiiiy 1 awdusudulunisiennd

0.1 MPa gaunqiisudulunswnIngd 358 essrunaia [9]



31t 1.4 nmdwnnmstenmuugEisulunsnBeuieuiainsaweeaa hues Eo
(M) uag E1s (nmaiinnusuiGudulumsenludiviiu 0.1 Mpa qungil
Gudulunswn Indviiy 358 esriaaia [9]
1ufhuqﬂﬁ1ﬂfrﬂzﬂﬁnﬁam:Lm'lﬂﬂummmuan'lufi‘ims"inﬂ'nm%"ﬂum:mﬂHﬁﬂizmn
8\ Chintre Parag [10] 18%13 50 lums Sanuidaveuaa Ilvesieniuea E100 uazieniuen
weruuudu ludasdau E50 E60 E70 E90 1633 porous sphere AaiflumainenTagwiudou
nautinnan Iuda et i nd Taefinmsnldeudusuguénaia@ veaiae
N{U 2 yunfe 8 Uadlwasiag 10 Tadwas 1InNInaassnuimnNeIvesnlal lveas
muea fmanudaveatad duiuideiunlefidudvesemusamuuuazvnaves

@urugudnansTagniuaua1sen 1.1

4 1 a A L o
Ui L5 amaenlad Idveswudu (dv) uazE3o (¥21) MiduruguinasesYaguiu

WINU 8 Yaauas [10]



. A L o ] @
MmN 1.1 anudweatlad inlesiduenueauazidurimiguinaisvesTagwyuaaiu

[10]

A Translation velocity (m/s)
d=8 mm. d=10 mm.
E50 0.82 0.87
E60 0.82 0.88
E70 0.84 0.91
E80 0.84 0.92
E90 0.86 0.92
E100 0.94 1.03

av a1 ] a V1 a A o o et
1NMTIeNAIULINYINST I HFemawenuea lwnTossudumzde 1uding
o A oA A = .-:’ =Y r. ) J =y d
Ufulgauniessuanonsmulsunudemaunszienueaiisnnuanuiouluomain
> 1 ] [-] L A " L4 J
dndnuudu Mldmawazaussouzveunieuaanad [1] wag[2] aneasumidullseans
o o o { A 3 J A 1
wilsfuvesnnusudawaman [3] Muduosnnmsauyealad W lumswn Tusindas
A [ ' A o n' - ] J - A ] d' ;
waziolSuuAuUATBIeUd laemsNulSuIN 1T I8UDITDINA LN B ¥AEA 1IN B UNA
¥ a ' a A ¢ o a ' A a
nInuugFurumsinuvuiavesuunylumiesouduia Toduszvudiosemasuny
o 4 o ¥ - o o A = 1 - -
asysmed [4] MldusdauazdeaudionSeuiouszniuduuazieniueaiina
a o o A 1w @ ~ A falq ¥ '
usatianazMasnunmIny aasasumsUsuriauranisfaveansoswuan 1952 uuIY
A - oo A 4 1
womdsuuuaiia ldaussouzveuniossuagediu [5] uazmamuilSuunisfauazms
A o A & ' ' a P4
muanususuaulumawn vl Taeldmes 1u [6] i Iianauduua lunmswn lndng 9y
" 4 " 4 ; r
awSuanesiFudvesemusainauiuwudu [7] Fsaungiaussouzvosnisen niin
g -
fvudedannnaudrveatlad W lumswn Ingd aadunisiezd1ledenmswm Indlu
i ; i 4
nIpIuANUN 39 Teduiludeswesimudsnszuaumsm It lumsesoud sudunisen
i s e a A w 4
ez liiiugeil 18 Yedluunfaadae IMifudnyae mawvea)ad W Fefoawnnd
- i A a S avdnvo
IndUsnmsasilflunmsmanesnmsamveslad lveaudemasenueaiuildi 1dviwnud
'ﬁ o 4 4 ad 4 v & a
[8lusilunmsraesmsn ndluFesvesnsmugungiinanngGuduvesdeenueaiiio
> B & 4 A
Wonwdauded uag [9]1 WumsiaesaniznmsBuduaaisnyeuniosoud lurean lns
- o u & - ?
UTmnasneil $regangiiluanizEudumsen Indveudomads E0 E15 E30 uaz E100 ¥4
2 Uy ' L 1] A ‘J i
gangiisudulunsm Indiiuli1deglugrenisiauveauniessudsssnaniizai
@ @ 1 .&’ a 1 - et '
UsznoufudasidiuveuramasuusuNaenIuean 15 1ulszme Tnedulusidimie

PR ' ° A A o =t
el IdTdouand19ne 1diraeen1swr Indveuniesoudiioaniizasi uaz 185ms



WRsuieusauls lumsen Inditnadeniswn Indl1dud wlefidudenuealusandaui
EO E20 E85 E100 aneasumsiumisnsidiunuyaii 08 1.0 1.2 1.4 gungiifianiizisudy
Aoumsien sl 450 ssrunaia uay 470 sarunaia ansasumsUiuanusunefiang
Budu 7 0.98 117 uaz 147 119 eAnurdns lumsen Inflafidsilefonadonisan
wosan Inniiga mazilafomdriiraetudelumsdemauenusanauundude

1 A d 1 a 1w Y A A a
AMAUITOULVDUATOIBUA AVANY AIDATINTAUILDDYBUATOIUA
L
s =
1.7 YHABUHVBINITANH

a a d o a’ ' e’: o q’
'mmu'wumunuiﬁuﬁuwunau'lumsﬁﬂmmu

P 1 = - o ] o o “ ad
unit 1 nandnnuiuinesudde anujimuneaz Saglseeed auuAgiu iy

]
o

v v
Tuaide dureumsdne uazaitenineados
dﬂl J g - W & Li i\ J )
uni 2 nantmguinugmluauite dalszneulidae sandiunauszniavemas
¥
WuFuiuenUea MItenmAmatagiisu mawn Inluazifiala I dupsulumsmn
A ~ - “
Tt lunsessudyaszidadeilszneIn ngunrsameesar Iuuuaiiiuig waves
aao 1 d '
UgAsemaniivaznisiu/doundasnenmenmidsadennuilunsgn nduenlar v
wrauvesuIalumswn Tngd
a v <] s J a A a
uni 3 nantimseenuuuginsaiminanes iwemasn 15 lunmsnaass gilnsainis
sy
NANDI T5NMINANDY
“ v @ 1
unil 4 nandawanmsuFoudsuanusulumswn nd nwdemsawveaniaq Il wa
w A4 o
yosmsIatuilumsamvesnlar I

N 5 Han1INARBIIAZ YoIUBLIUE



-
uUNnn 2

<X ay
nguHNug 1IN

= P 1 o : .
2.1 SMTIOIUNTNIZHINIFBINAIN VBN A (Theoretical Air-fuel Ratio)
ar 1 o” @ J = % . A
gasdaunauyeeInAuahiu¥enas (Air-fuel Ratio) Munguiveniosoud
3 o At o’ ) &' = aio o Il 9 ¢k A
ufa Tedufedumauvasomeuaztinvhusomasidudiudmiumamn Indnauysaldiia
v ¥
Wiy 14.7:1 w30 Uszaw 15:1 Tasimitn Saeiih ldaiimds mssasimsdulies an
a o A o a ' 9 3 a o ]
vaui 1dnnnTessudmuzauiiga udanins 1denueaifluiemamaunuiiu
r 1 J - [] 1 J A ol d. ' - d'
dasrduvesdemasezegluriu FuihldinTessudllioussouzonns uazawanui

P |
INNUU

asi U 1 i) : O ‘ - ‘ -~ =
2.1.1 FEMIMIANETIMINAARIINMIFDING IV IVINBAVUTUNEHION LD
¥ J = A d - aana = ' =
nszuuMsM Indivemas luniesudszinannljisemmuniissninesndioulu
L z - @
pmafuaiueu(c) uaz lelasiou (H) Tudemdahld ldndssmluglvesniuiousenn
" & . 1
uazsh Ifanudunelunszuenguiiugeiu nasinmswn Indvessomasneluiean
Tl swfavuludamazszidaniodanazan Johiieansabhiddsnui 1450 1) 1d0u
18-amdoans
1 Ed
Taonia lenmimlsgnoudiseendiou (0,) Yszuim 22% Tamimiin vie 21% Iav
a v o a9 3 o A a4 a a P | a a
Psmasaaniueimendes ldnauiugematdlsnaununnningemaamn Usuunnu
aoanisemalumanguidmiumswn Indfiauysel Gond Stochiometric Air Fuel Ratio
v & a a & '
dmfuiyemduuudunaueniueadeiioumanil CH,0H+ C, ,H,, , aunIn s Ingdi

4
auysalveuemasuuFUNTUIONIUEA fD

XC,H,0H + YC, ,,H,, ,+ (3X+12.13Y)O, +3.773N,) = CO, + H20 +N, @

15 o o o ] ' : o 3 - o ] -
W AANUAUNUTVDIDATITIUD INIAAD U INUFDINAIVDIUNAIDU NI U UNTUIDNIUDA 85

& d
nlefidud (E85) Wenlavugdaumsi 2.1 fie

(AFF) - (3X+12.13Y)x4.773x29
' 46X+114.8Y

2.2

o L : L J —y 1 ]
Tas X Ao dasidruveseniuea lininiudowausy E85 X A 0.85

o L] - °I’ LY J = L
Y fio oasauveauudu lnihhudomaury E85Y Ae 0.15



11

‘: L 1 0’ ' J = 1 J = -
NNAUNIIN 2 ﬁ'lll'l‘iﬂ'H"Iﬂ'li)ﬂ1']ﬂ")'uﬂ’]ﬂ‘lﬁﬂl’]ﬂ'llllll‘ﬂﬂtﬂﬁﬂullﬂﬂgff’]u‘llﬂﬁl‘ﬁﬂmﬁﬂmu“ﬂu

HOUIEIUDA 1ARIATT 19T 2.1
: \J o 1 L\ : o J =Y -
M50 2.1 A19ATIFIUDIMARDINTUFONAUUUTURTUENIUDD

Fomas E‘:’m1ti1ua1mmim‘i'1ﬁ'm§nmﬁm1wquﬁ
EO 14.60
E20 14.11
E85 10.74
E100 9.0

P
2.1.2 M Imslivemdseniuea
dmiuenmueadsliaumand C,H,0H aumsnswn Indiiauysaiveseniuen Ao

C,H,OH +2(0,+2.772N,) = 2CO,+2H,0+ 11.22N,

AnlumiteTua
1+2(1+2.772) = 2+2+11.22
1+14.22 = 16.22
Antumiaeimin

46.07 + (14.22 x 28.96) (2 x 44.01) + (2 x 18.02) + (11.22 x 28.16)

46.07 +414.71 = 88.02+46.06 +218.77
460.78 = 460.78
v
o A \J = o
mﬂmzuuﬁm'zumﬂmﬂl%ﬂ 1 n'[ansmmmmuaa 5)316’
(aF), = 471 500
46.07

@ J a a o a o a -
Yufewemdsenuea 1 flanSuszdesldema 9 AlansuFaezdltifaniswnusdn

Ay ol lumangui

O ‘ = W [
2.1.3 MIMURUIANIIIUIEHNuYeINAIN U IMAN NG HnewiIm s Tnsl
' A J - n’: '
msnuguaunauszniusemasiuemalummou]luniswn Indiudives

d "
yravesomeanilowd e Inll mansom 1dnn aumsh 2.2)

Y 4 i
a Rg]:‘ ( '2)
Taii
P #o anususudulumawn Ingd

v fe USuasvesioan ngd



12

R, fie ganudouiunzvesoims
7, Ao quugiiisudulumsningd

3 L 1 A; = o 4
nMiumnsomAsanduauyaveuFemasiuena [11] lnnaumsi 2.4)

- (mf /ma)acmd

(M ) ey

¢ (VX))
—
Taen

o U 1 3 s o -

(M) [ M,) gy AOBATITIHANIEN TIUFOINATUDINAGTS

o 1] |} J -
(my /M) peory ADOATITIUNAUTENIFOINDINUDINAR N Y
i ; ”
2.1.4 nilfivemdaemueanuniesuunduamelu

i 4
o

A ¢ o a A et - A g Yo
nIesouaund leduuazinTossuanimafomiosouan 19dun luilegiutiag
A (n‘: ' o o (] A 4 - o o
INTRIOUANS 2 uanANAuNdnYuZMTIINY diullszneuvouniessudnazNd Ay Nge
4 » 4
fio FmIgAszidinING (Fuel Ignition) nTosoudufaTaduldlszmeinlunsqaszida
3’ = A 9 = Y o ' ] o - A ot
Wwowmdsluaeuisudunazifianismn Inddnesde liledwsinsi lususiinTessuddiea
[ W ¥ 9/ - J - W o o
p1feaudousineniasa ludeum lndyaszidaemas sndnyund e uves
A o @ WA a a ° d a vad 1w A Y W A 4
nFeseudtn IMiFemasiszihwn 1dn e lguandandreiudae e Tz dunsesoud
uABZLLY
K | 4 . 1
nmMnTuvesndomaluilegiudh dtinsaulusemdmaunu (Alternate
Fuel) N9 maunuiyoinds Woa®n (Fossil Fuel) AUNINYU 1BIUBD (Ethanol)
3 = - - z -
Wugemdanniivmanvanieveudonnmanyas mwselfflusemdmaunuly
4 - 4
nsessuduia ladunaziniosoudaivald
" J a o A ¢ o =) A A o o '
wnuealildiFemdsnmzdmiuniesouduna Tvduniofwamoiifier udily
A a & A s @ a - '
wondainaunuld Tasaniziniesoudunalofuszlinnumuizauuinniilu
4 . 2 layy 4
InToUARYR anvuzIWIzYeLYemAuemusan l¥funTessuaduainiely 18Tins
' 4d a i 4
Wawwnan 75 Yuduaz ldqueantiAveasemaueniuea asluaiseh 22 sailu
= Qe % =) =
manfSeuisuauiiRveudomauenuoaLA UG
W T
2.1.5 pamuiifveavomauenven
qmﬁuﬂ‘ﬁma«é’am%qwmuaﬂuﬁmﬁ'ﬂumsN% 22 ufisudtoufuidomassiay
A - ase ol ' @ d 3 o J a
weannemusaiiguauianuandennund lsdumwsaziumsinyemdueniueau 14
= 0” ) - { ' A i J
unuufe TeduTuszdesinsandiguaudanuandraieiieg IHinTosoudninuld

v
MU EAUNUAD



13

n. INANMIIATYEENIUGA CHOH swwiiuldduenmilevinozaeuves
Tolasiou (H) unzmiveu () Mdegmilouluufaladuudaluemusaiiliozaouyos
pondion (0) fuesfilszneveifis Feezaeuvesoondousziudiegluglveseyyale
ase%n (Hydroey - OH) i TuianavesenueaiinueauiiadiuInar (Polar) Fefitlfdsen
ganiudaledu Sohlidsnnlunsfandougeniufalediu dsozdiwamsdaniouso
Sudiidulanzunswaradn sofumnieeneanldiiuomasluindosududa
ToduSaduihudosdinmfundouSagriemsndeumsiidnmmumsfansouvesuenmuen
TuFudniidesduiafuenuen

¥. AMNMYNAITU (Energy Content) 91nA13197 2.2 swimiu ldhsmuioudonioe

¥
°

shminvesenmueniufiswiosnhudaTadulszinm 20% fofudelfiomueaumiuda T
au s WS inademannniuie Windosoudmusamen Iisuduuazain
A, AL doundaveIN3IZIMY (Latent Heat of Vaporization) 91015197 2.2 a2ty
& nemmeniimarmdounkmsszmesiganiudalsfulszanm 2 vh Fwaasiuield
emueaihudemaumunialeiu emueastiinsaeninidoumenissemesilurie lod
winniezildgumgiluveloddind Fadtamaremshanveuniowuddel
ioguugiiluvielodd mﬂ1ﬂﬁqﬂqm'ﬁ'm1ﬁﬂzﬁmwﬁmuﬁuqq€uﬁﬂﬁ'qﬂq‘u
awmofsemmdin ldnniu v'h'lﬁ'ﬁnﬁﬂimm%aﬂ?ﬁmqegu wozfidsvensesud
wndy Sendsonita 18t 1e Power Output) 91NIATDIBUAT IFIONTUER (95%)
Lﬂu1§amﬁqﬁfi1q~1n'i'lﬂﬁl-fuﬁﬁh'ﬁmﬂmé‘ﬂmﬁdﬂ'szmtu 2% Hidandaumssadeiu
ﬂ'li'fl’ﬂﬁ]ﬂf\’llﬂ'l‘iﬂ'lw‘llﬂfll.‘i%lﬂﬁﬁﬁiﬁﬂﬂﬁﬂﬁlﬂﬂﬂﬂﬂﬂﬂiﬂf (Stoichiometric) Rl
Toauee1d AF dszanm 146 luvaziiomueadifios 9 maeaziiudioneald
Sasdmdnfuuie laiufe i lddunauvewenueaiueinai 1duani ¥
Tt ledednnnuazhl¥msaminaann mazaziusedoumnfinudomasiid
vioawn Tndl
nnmsfilemueadesldanmioulumsszmedafimnninilfannzfiguugilu
vssnme msszmedvesenmueaiiuly 1dnnh Idilgmlumsamimaioaluvay
pImmiu Faemueasnnsonmudiuleenmswn Indldfigangid sz 10°C uas
wiilgmiumsaminluanzommbuiigungitszna 4°c Tasdmsnuuddam
a3971 Tnouean3 ¥0195 s nauuda Tadud llsesn 5-10 % niouseuiseldBmes
(Ether) uaze® Tau (Acetone) Hawaslulyszuia 21% luenueadaninnanisnanes

. 4 wyd i ‘
Usinghemnsoamineioesldngumgiidita 18 °c



14

myaft 22 msSeufiouanAvesdomasenueauaziuudy [17]

Fuel Gasoline Ethanol
Chemical Formula (7) CeHss  CHOH
Molecular Weight 114.8 46.07
Specific Gravity 0.72-0.78 0.785
Oxygen content (wt%) - 248
Freezing Point (C) -40 -114
Reid Vapor Pressure (kPa) 55-102 16
Higher Heating Value (kJ/kg) 47,200 29,700
Lower Heating Value (kJ/kg) 44,000 26,900
Heat of Vaporization (kJ/kg) 205 840
LHV of Stoich. Mixture (kJ/kg) 2,820 2,690
Research Octane Number (RON) 92-98 107
Motor Octane Number (RON) 80-90 89
Stoichometric A/F ratio 14.6 9
Adiabatic flame temperature (K) 2,266 2,197
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" 35aziNeeg1le9 (Flat flame burner method)
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aallu co vadnensziinailiirnmuiavesar rigeduin Mallard un Chatelier

. 1 1 ; = 4 = aild. L
law [17] na1IN ﬂ'lﬁ’]uﬂﬂ!dﬂFJ~iWE]WlfNN’fmﬂﬂ\'l'Hgﬂﬁ'mL%ﬂlﬂﬁiﬂuﬂ'lﬂ‘ﬂlll?'uﬂﬁ’ﬂﬂ



29

14
whiuuaz serauiulusasdiula q faw senudimsawlad Idvesdunmuiudng

windy lunlGeunag “Mixtures of limit mixtures are them selves limit mixture”

1,0007—

ﬂ?u‘lmur?ﬂ
fouiy

i 0 60 80 100
&
wedidus o, Fgnumudi Taoufmden

» g
nlofiFuAirainda

(M) (%)

' 4
JUN 2.13 BnFwavesmsANuALLRBEAD S, Uz S, [16]

I I I

lﬂolﬁ"}:lﬁ
250 Hz cO -
L 100 0 o
200;— .
L 80 20 i
3
= 150 60 40 “
o 40 60
1001 29 80 ¢
50f of
0 100 /\
0 1 1 1 1 1 'l

1
0 20 40 60 80
wediSuddomaslueinm

UM 2.14 BnFnavesmsiAuudaiuuiesls CH, de S, vos CO wn Indifueime [16)



30

212 oduiiinamamemwiilinadeninnirlumsgnlmiveanladin

2.7.2.1 INTNAVDINNUAU P

Qr-TTTTIT 1 e w @ OE
0.2 -
13 gug -

-9
8 0if -‘
v | .

=
of— -

=
0.1 £l
02F .
- -
o3t 1 1 el Lol il
20 100 1000

S, cm/sec

3N 2.15 BnSnavesnnudu Pde S, [16]

Lewis (1954) 18fAnu19ninavosnnusu P nildemanudveaad Ilvesdunanszning

TeTasmsvouriiadis q uazeondiou Tavll N,, Ar n3e He naruogalouaznsu

S, a P" (2.9)
Faueraalunsmyilii 2.15

A = 2 o ' s o
o  n 7o Lewis pressure index 1Inn3MAsnaiidemiaulefe

i . ke
3o S, <50 co/s n fimfluay S, Sauiuduiie P ana
1 = "g
nIfin 50< S, <100cm/s  n Hanflugud S, Tddutuarmeu P
ot ' A 4 4 2 4
N3N S, > 100 cm/s n fsuiiuuan S, Sauiuiiudde P i

M S, uaﬂmnﬂzﬁuedﬁu P awaums S, @ P" udrdsvznulunendsdniiem
S, w2y Pawaums S, @ PU2 e n lunsdindeiiresusuvenjiten dufumn
AnuFuRUTYes S, fiu P Tugiues Lewis pressure index uagluglvesduduvealfnsm
ausaagy1fd nadiii S, < 50 cm/s Susuveafiseesdosndt 2 nsdif 50 < S, < 100

cm/s BUAVYBNURATNTA WA 2 iagnsdl S, > 100 co/s BUAUFNIUGAT 198NN 2
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Ui 2.16 BnBwavesquungiisudu 7, de S, [16]

INHANIINANDIVDY Dugger et al. (1955) WU
S, al, (2.10)
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w'Insd Fasnil 1dEneanannszuums e nsln lunmssadivesgnguine Iiqangd
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QUNQiIv09Yi0391 10A (Intake Temperature) 300 K

v a
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Four Stroke Gas Otto Cycle

Intake Pressure (kPa) I.

Intake Temperature () |300
Exhaust Pressure (kPa) |100

Compression ratio 9
Gamma 1.14
ain (kifkg gas) |2500
Compute Cycle Enter
State 1 2 3 4
Pressure (kPa): 50.0 61208 223311 18242
Temperature ():  331.9 @ 16472 1211.0
Exhaust Temp. (K) = 11248 Volumetric Efficiency = 0.89
Residual Mass Fraction=  0.0656 Netimep (kPa) = 326.97
Ideal Thermal Eff. = 0.265 Net Thermal Eff. = 0.23
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A0AY (Quartz plate)

dnuazaesneadn 19iuiag Tusslamumsawvesnlad W ludeawn lnsd

AuauliAanianavesnIoad

%aﬂfuﬂnﬁﬁ MUY AN
Specific g/em’ 221
Hardness Mhos scale 5-7

Rapture strength Mpa 800-1000

Compressive stress Mpa 60-700

Young’s Modulus 20 °C Gpa 77.8
Young’s Modulus 50 °C Gpa 82
Young’s Modulus 900 °C Gpa 85
Possion ratio 0.17
Rigid index 900 C Gpa 36.9

Speed of longinal wave m/s 5.72x10"
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971 SCM4

o W a A A a
Fumdnficnnsanuiuanudugelduddiannsaquudanemunuudus it Tans

TRvwadurhugudnans 150 dadwas

manma(scM4) neunezdenldiniludomn Inst

AuautAveamnanmaifh (SCM4)

unit 1" 2-1/4" 4-1/2" 7-3/4"

Tensile strength PSI 98,000 101,500 100,000 100,000

Yield strength PSI 61,000 62,000 57,000 58,500
Elongation % 23 26 25 21
Reduction in area % 54 55 56 59
Hardness HB 197 212 202 197
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SealPack Style 300R
FLEXIBLE GRAPHITE ROLLS
Temperature Limits : -200°C to + 1650°C
-200°C to + 850°C Non-Oxidizing atm.
+932°F (500°C) Oxidezing atm.
Chemical Resistance : pH 0-14 except oleum, fuming nitric acid & aqua regia
Thickness (mm) 0.2, 0.35, 0.40, 0.50, 0.8, 1.0, 1.5
Width : 1000 - 1500 mm
Length : 50 - 100 m.
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19821372 (Ball valve)

Monel 400 Three Piece Ball Valves, Full Bore,2000/1500 psi

Body Wall Thickness ASME B16.34
Socket-weld Ends ASME B16.11

ANSI B1.20.1

BS 21
Threaded Ends DIN 2999

ISO 228

1S07-1
Butt-weld Ends ASME B16.25
End to End Mfg. Std.
Material ASTM
Pressure-Temperature Rating ASME B16.34
Pressure Testing API 598
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DEWE-5000 PC instrument series

Portable data acquisition system

Up to 256 channels with external

expansion racks or PAD modules

A/D converter specs see appendix A

16 internal slots for DEWE-DAQ/PAD modules
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Main System

System specifications

r

|Power supply:

Operating temperature:
Storage temperature:
Humidity (operating):

Vibration:

|Shock:

Dimensions (W x H x D).

300 W 9 10 18 Voc ATX power supply DX 300HEW
O 300 W 18 to 36 Vpc ATX power supply APT-DY300H
|for details see next pages
-5 “C 1o 50 °C (standard)
20°Cto +70 °C
10 % to 80 %, non condensing
5 % to 95 %, rel. humidity
MIL-STD 810F 514.5 procedure |
operating test procedure
frequency range: 5 to 200 to 5 Hz; 5 x 12 min each direction
displacement amplitude £3.5 mm (5 to 8.45 Hz)
acceleration amplitude 1 g (8.45 to 92 Hz)
displacement amplitude 92 1o 113 Hz: £0.029 mm
acceleration amplitude 1.5 g (113 10 200 Hz)
MIL-STD 810F 516.5 procedure |
non operating test procedure
¥ sinus 11 ms 10 g, 3 shocks posilive, 3 shocks negative
approx. 453 x 200 x 351 mm (178 x 7.9 x 13.8in.)
Ityp. 17 kg (37.4 Ibs), depending on configuration

Q300 W 100 to 240 Vac ATX power supply FSP300-60PFN/PLN
O 400 W 100 to 240 Vac ATX power supply FSP400-60PFN/PLN
a
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Measuring Spark Plug
with Integrated Cylinder Pressure Sensor

The measuring spark plug allows a pressure measurement
without a drilled hole. In the spark plug Type 6117B... is
integrated the worlds smallest piezoelectric high temperature,
cylinder pressure sensor.

Measuring without measuring bore

Highest natural frequency (up to 100 kHz) for high rpm
Sensor mounted flush with the combustion chamber
High sensitivity

High accuracy

Different heat values available

Description

By an eccentric electrode arrangement the space for sensor
mounting is provided. The miniature pressure sensor can
be dismounted for maintenance purposes. However, in the
normal case dismounting of the sensor by the customer is not
recommended.

The sensor is mounted from the front of the spark plug and
fixed by means of a screw which also serves as flame protec-
tion. The cable Type 1927A1 can be dismounted.

This sensor is installed flush with the combustion chamber,
allowing for a natural frequency of more than 100 kHz.
Therefore the Type 6117B... is also well suited for indicating
measurements at high engine speed.

This sensor is also available in a version Type 6617B...
with impedance converter integrated in the cable connector
{voltage output). See data sheet 12.5147.

Application

Cylinder pressure measurements with the measuring spark
plug are recommended in cases when expenditure for the
sensor system should be minimal. An example is the adjust-
ment of the engine electronics in racing cars (ignition, injec-
tion) near the knocking limit.

94

Type 6117B...

Fig. 1: Complete Measuring Spark Plug

The measuring spark plug Type 6117B... is preferred to the

spark plug Type 6517B... when high engine speeds prevail
(>5000 rpm), since it has a considerably higher natural fre-

quency.
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KISTLER

measure. analyze. innovate.

Kalibrierschein owex
Calibration Certificate eressure

Type 6117BFD16 Serial No. 1492823
Kallbriert durch Datum

Calibraled by Date

G. Ratano 09.07.2007

Referenzgerite Typ Serien-Nr,
Reference Equipment Type Serial No.
Gebrauchsnormal

Working Standard Kistler 6961A250 992713
Ladungsverstirker Kistler 5011B 602394
Charge Amplifier Kistler 50118 608416
Ladungskalibrator

Charie Calibratos Kistler 5395A 605251
Umgebungstemperatur Relative Feuchte

.Acmbiml Temperature Relative Humidity

25 47

Messergebnisse Results of Measurement

Kalibrierter Bereich Empfindlichkeit Linearitat
Caliheated Range Sensitivity Linparity
bar pC / bar < z %FS0
0..200 (23*C) -16,62 0,06
0..50 {23°C) -16,54 0,08
0..150 (200°C) -16,86 0.11
0._.50 (200°C) 16,76 0,19

Bestitigung Confirmation

Die Gerite halten die Herstelltoleranzen gemiss Spezifikationen der Datenblitter ein. Wir bestitigen, dass das oben identifizierte Gerdt nach
den vorgeschriebenen Verfahren geprift wurde. Alle Messmittel sind auf nationale Normale rickverfolgbar. Kistler betreibt die SCS (Swiss
Calibration Service) Kalibrierstelie Nr. 049, akkreditiert nach 15O 17025 Das Kistier Qualititsmanagement System ist nach 150 9001
zertifiziert.

The equipment meets the manufacturing tolerances according to the specification data sheets. We confirm that the device identified above
was lested by the prescribed procedures. All measuning devices are traceable 1o national standards. The SCS (Swiss Calibration Service)

Caibration Laboratory No 049 is operated by Kistier and accredited per 150 17025 Tre Kistler Quality Management System is certifitied —— —
per 150 9001 3

Kistler Instrumente AG = i
Eulachstrasse 22 Tel. +41 52 224 11 11 ZKB Winterthur BC 732  IBAN: CH67 0070 0113 2003 7462 8
PO Box Fax +41 52 224 14 14 Swift. ZKBKCHZZB0A VAT: 229713

CH-8408 Wintherthur  info@kistler.com Account: 1132-0374.628 150 9001 certified mlmsu“_m
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#include <avr/io.h> // AVR device-specific 10 definitions (Creat by naren chaitani)
#include <compat/deprecated.h> // Use sbi(), cbi() function
unsigned int num = 0,a=0,m_sec,m_sec2;
#define SW (PINA&(1<<PINA1))
void delay swi()
{ unsigned int ij;
for(i=0;i<100;i++)
for(j=0;j<200;j++); }
/*void delay_ig()
{ unsigned int ij;
for(i=0;i<500;i++)
for(j=03j<500;j++);}*/
void delay(unsigned int sec)
{ unsigned int i,k;
for(k=0;k<sec;k++)
for(i=0;i<8000;i++);}
#define ADC_VREF_TYPE 0x00
// Read the AD conversion result
unsigned int read_adc(unsigned char adc_input)
{ ADMUX=adc_input ADC_VREF_TYPE;
// Start the AD conversion
ADCSRA|[=0x40;
// Wait for the AD conversion to complete
while ((ADCSRA & 0x10)==0);
ADCSRA|=0x10;
return ADCW; }
AR R R KRR AR KR KRR KRR AR KRR AR KRR AR KRR %% Main Functions */
void main(void)

{

/lunsigned char num=0;



DDRA = 0x00;
DDRC =0xff; // PORT PAO Output & PA1 Input
cbi(PORTA,0);
ADMUX=ADC_VREF TYPE;
ADCSRA=0x84; // Clear port
while (1) { num = 1;
a=0x00;
PORTC = 0x00;
m_sec=read_adc(0)*2;//+ read_adc(1);
m_sec2=read _adc(2);
if ((-PINA&0x01)==0x01))
{ delay_sw();
if (((~-PINA&0x01)==0x01))
{ a=0x02; }
while(a==0x02)
{ iflnum==1)
{ PORTC = 0x01;
delay(m_sec+m_sec2);
PORTC = 0x00;
num = 3; }
ifl((~PINA&0x01)!=0x01))
{ a=0x00; }
1
if ((~PINA&0x02)==0x02))
{ delay_sw();
if ((-PINA&0x02)==0x02))
{ a=0x02; }
while(a==0x02)
{
m_sec=read_adc(0)*2;//+ read_adc(1);
m_sec2=read_adc(2);

PORTC = 0x02;



delay(m_sectm_sec2);

PORTC = 0x00;
delay(2000);
if(((~PINA&0x02)!=0x02))
{ a=0x00; }
1

/* if ((~-PINA&0x04)==0x04))
{ delay_sw();
if (((~PINA&0x04)==0x04))
{ a=0x02;
}
while(a==0x02)
{
if(lnum==1)
{ PORTC = 0x04;
delay_ig();
PORTC = 0x00;
num = 3;
}
if(((~PINA&0x04)!=0x04))
{a=0x00; } }
P*/}}



MANHIN VU

ginsalumsiiuinmmwmsamveanladlv

99



100

gunsallumstiuiinmwnsamveaadlv

aUA F1.4

uanl¥niundestiognnudig Ao aud

W9 Fl.4

o
t

¥o NIKON 19 58 mm. YuIA3i

ndestneIalenauIge

TUALIDIANINNALA

Sensor
Saved Image Formats

Extended Dynamic Range
Phase Lock

Triggering

Lens Mount

Data Display

Video Output

Dual Speed Recording™
Timing

Event Markers
Recording Modes
Partitioning

Camera Control
Software

Shock

Dimensions (no lens mount)
Weight

10-bit CMOS (Bayer system color, single sensor) with 17um pixels, 16.7ms to 2us global electronic shutter independent of frame rate
and overexposurs protection

AVI, JPEG, PNG (10-bit), TIFF, FTIF (10-bit), BMP, and Bayer and RS-170 Video output. Images can be saved with or without image or
comment data

Selectable from 4 presets 1o prevent over exposure

Enables cameras to be synchronized precisely together to a master camera or extemal source

Selectable positive or negative TTL SVp-p, switch closure

Interchangeable F-mount and C-mount supplied standard. Optional High-G block mount

Frame Rate, Shutter Speed, Trigger Mode, Date or Time (can be switched), Status (Playback/Record), Real Time, Frame Count,
Resolution System or IRIG time, and user-edited comments can be displayed beside or in the saved image area for all formats

NTSC or PAL. Live video during recording. Ability to zoom and pan within image via keypad

Enables the recording speed to be changed, up or down, by a factor of 2, 4 or B during a recording

Internal clock or external source such as IRIG or GPS. Indicators show current status of timing source

Ten user-entered event markers mark specific events within the image sequence in real time. Immediately accessible through software
Start, End, Center, Manual, Random, Random Reset, Random Center, Random Manual, and Dual Speed Recording™

Up to 64 memory segments for multiple recordings in memory

Through supplied keypad and RS-422A. And either via the Photron Gigabit Optical Network, Gigabit Ethernet or FireWire

Includes image rotation and ability to save images with or without time codes or comment data

100G @ 10ms any axis

H 6.24" (158.6mm) (add 2.13" [54mm for handle and feet] x W 5.17" (131.4mm) x L 11.39" (269.2mm)

10.8b (4.9kg)
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Frame Rate Max. Resolution Record Time (seconds)
(fps) Horizontal Vertical 2GB 8GB 16GB
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The 5" International Conference on Automotive Engineering (ICAE-5)

March 30 - April 3, 2009, BITEC, Bangkok, Thailand

Combustion of Ethanol Fuel in a Constant Volume

Combustion Chamber

Prathan Srichai, Chinda Chareonphonphanich
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Thailand

ABSTRACT

This research present about investigate of
combustion of ethanol and gasoline in constant
volume combustion chamber. The Test fuel are
Ethanol Benzene, E20, E85,Ethanol (E100) at
stoichometric .

The side wall of constant volume combustion
chamber is made of transparent material in
order to observe flame propagation. The
pressure of combustion was also measured.
The peak combustion pressure, mass fraction
burn was calculated for different fuels. As the
result, at stoichiometric ,Initial pressure equal
1kg/em® Initial temperature equal 450K
present, the peak pressure, mass fraction
burned and flame speed of ethanol are greater
than ethanol blend gasoline. That is the reason
why the engine which modified for using
ethanol should give higher power than the
conventional gasoline engine. However the
increase of fuel injection for ethanol is needed
to compensate its lower energy content.

INTRODUCTION

In this resent, Thailand can use FFV (Flexible
Fuel Vehicles) in fuel EO - E85, also to
modified the engine to use ethanol blends
gasoline different ratio .The process and
mechanism combustion of spark ignition
engine is main issue in modified the old engine
and developed new engine to increase
performance and efficiency.

From literature review, In case the study
effect combustion in constant volume
combustion chamber were test in find optimize
of equivalence ratio in cold start engine (1)
don't test condition same wall temperature in
the real engine (2), But in this research have
condition compare temperature and shape of
combustion chamber .

Purpose of this research is study Mass
fracton bumed , Maximum pressure
combustion, Picture of flame propagation of EO
E20 E85 E100 at stoichometric, Initial
temperature 450K , Initial pressure 1kg. /cm®

Constant Volume Combustion Chamber use
simulation combustion of engine in position
piston at dead center. In design this research,
The shape of combustion have sphere
diameter 80 millimeter. In side volume 320
cm?, In order to seen flame proprogation
inside by use transparent materials and high
pressure will be select quartz plate for
transparent window. In the same time were
recorded video flame proprogation and
measurement pressure of combustion to
calculation mass fraction burned in different
percent ethanol bled gasoline.

EXPERIMENTAL SETUP AND
PROCEDURE

In procedure essential calculation A/F ratio
by find mass of air before assign injection
duration fuel to control equivalent ratio
between fuel and air corresponding
stoichometric ratio.

Theory Control of Equivaletion ratio.

First procedure to calculation mass of air
supply combustion chamber before start
ignition (1)

iy (1)
"R,
P is Initial Pressure before combustion.
V is Volume of combustion chamber.
R, is Gas constant of air.

1

u

is Initial Temperature of combustion.
Then can find eqvalention ratio  (2)
(m;/m,)

actnal (2 )

(mf / m, )rhmjr

Where
(m,/m,) . 18 real air fuel ratio .

(m/m_) . 18 theory air fuel ratio.
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Mass Fraction Burned

The mass fraction is the burned this
parameter to tell ignition delay time when
ignition and duration of flame burned fuel from
started ignition, Calculated from history
pressure data. Pressure in the combustion
chamber corresponds to the mass fraction
burnt. We used relation (3) to calculated.

M@= P 3)
Pusx — Pm
Where
p(r) is Pressure in function time.

Py I8 Intial pressure.
P is Peak pressure of combustion.

Drain Air

March 30 - April 3, 2009, BITEC, Bangkok, Thailand

From table 1 property of property of ethanol
blend gasoline have Lower heating value less
than gasoline, If want the equivaletion ratio
equal with gasoline by increase duration of
fuel injection. Percent oxygen content in
ethanol cash in complete combustion
characteristic more than gasoline. Raid vapor
pressure decrease when blend ethanol in
higher volume. And Heat of evaporative
increase when blends higher percent ethanol
in gasoline, Then density of air to decrease
and more mass of air enter the combustion
chamber than incase of gasoline fuel.

:F@—T—éa%o;?“é

Pressure sansor Fuel Pump Al Ccrmpreteurs

2| e ] [
-]

Service & Dry air

Figure 1 Experimental Setup.

Table 1. Property of Fuel.

Property EO E100
Molecular Weight 1148 | 46.07
RVP 62.6 16
(kPa)

Lower Heating Value

(kJ/kg) 44,000 | 26,900
Heat of Vaporization 305 840
(kJ/kg)

Stoichiometric A/F ratio 146 9
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TEST PROCEDURE

First, adjust duration injection in AVR
microcontroller and measure time fuel injection
by oscilloscope and inject fuel to mixture with
air and supply this mixture to combustion
chamber by force from air and setting initial
combustion chamber by regulator. Adjust initial
temperature of combustion use heater 1300 W.
when the mixture sent to combustion chamber
complete, will closed all valve and start ignition
and the mixture burned in combustion chamber
after that will measure pressure of combustion
by use dynamics pressure transducer Kistler
model 611BFD16, the data history combustion
pressure were record differ time after ignition in
high speed data acquisition Model DEWE 5000
and select record 5000 sample rate /sec.

At the same time will record flame
propagation by use video camera and convert
video to picture respective after ignition. In this
experiment the data were use in compare
combustion characteristic are pressure from
combustion and picture of flame propagation in
each percent ethanol blend gasoline at initial
pressure 1kg/em’ , Initial temperature 450K
stochiometric Air fuel ratio .

RESULTS

History pressure data.

From data, we conduct data to analysis peak
pressure, mass fraction burned, and picture of
flame propagation to study effect of ethanol
blend gasoline.

E100

Fressure of COmousuon \par)

.00 m 0.1 I.;E 0.20 025 030
Time after ignition (sec)

Figure 2. Pressure data different fuel gasoline
In order of the maximum rate pressure
combustion was ethanol combustion E85, E20

EO respectively.

March 30 - April 3, 2009, BITEC, Bangkok, Thailand

0.8 1

Mass Fraction Burned

0.2 1

0o . T
0000 0008 0010 0015 0020 0025 0030 0036 00N

Time after ignition (sec)

Figure 3. Mass fraction burned data in different
percent ethanol blend gasoline.

? 0538 e
o 7348 754 I I
0 ] + I +
L] n [ ] 100
Percent of ehanol.
Figure 4 Peak combustion pressure in different
percent ethanol.

Pressum
N O B e @& N

-

From figure 3. Mass Fraction Bured from calculation
from pressure data (3) is from and plot graph
relation between mass fraction and time after
ignition, Ethanol have first combustion at time 0.004
sec, E85, E20 and EO latest. And in case of EQ, E20
nearly because of percent is very small.

From Figure 4 The maximum pressure from
combustion in different percent ethanol blend
gasoline removed the peak pressure in case E100
is highest pressure, 8.729 bar E85 7.538 bar, E20
7.534 bar , and lowest is EQ 7.345 bar . Can see
this effect increase pressure of combustion when
blends percent ethanol higher percent. Consequent,
this clause have effect to the engine gasoline were
use ethanol increase rate power out put than
gasoline.
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Result from picture flame propagation.

(A) (©)

Figure 5. Picture flame propagation in various percent ethanol blend gasoline at stoichiometric ,Pint
1kg/em? Pint 450K.Start ignition from left hand.

From Figure 5. In observe picture in column (A)

show radius of flame propagation different AR
Percent ethanol, So that E100 has flame radius
more than E85, E20 and EO.

The authors would like to express sincere
thanks to Dr.Nuwong Cholcoop and
Dr.Subonkot Thopiboon, MR. Sakda Thonchai.
MR.Monkol Kananon MTEC THAILAND. And
CONCLUSION Aj.Uthai Aongcharcen Head of Mechanical
Engineering Patumwan Institute of technology.
As the experimental results, flame speed, peak pressure For their support pressure measurement
and mass fraction Burmed in combustion chamber equipment. Special Thanks for student in
increase with percent of ethanol in the fuel. E100 gives  Automotive club KMITL for their support all in
the highest value and the next are E85 E20 EO0, manufacturing this constant volume combustion
respectively. The reason is because the ethanol fuel has  chamber.
oxygen and molar mass of ethanol ,So that engine used
ethanol fuel
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ABSTRACT

This research presents an experimental study of the
combustion of ethanol blends with gasoline in a
constant volume combustion chamber. The test fuels
are gasoline, E20 (ethanol20%), E85 (ethanol85%)
and pure ethanol. The pressure in combustion
chamber was measured. The images of flame
propagation were recorded by schlieren technique with
high speed video camera. The effects of equivalent
ratio, temperature, pressure on the combustion
characteristics were studied. The results show the
greater percent of ethanol provides faster burn rate of
combustion and higher peak of cylinder pressure. The
peak combustion pressure E100 is 0.873 MPa which is
higher than E85, E20 and EO. The ignition delay time
decreases with higher percent of ethanol. As the
results of flame propagation images, at stoichometric
burn duration of pure ethanol is 13 ms which is shorter
than E85, E20 and E0. The combustion duration of
mixture at equivalence ratio of 1.0 is less than that of
equivalent ratio 0.8, 1.2 and 1.4. The flame speed and
peak pressure increase with percentage of ethanol.
The faster flame speed of ethanol flame effects to
shorter combustion duration and greater performance
and efficiency.

INTRODUCTION

In this recent, many kinds of ethanol fuel such as EO,
E20 and E85 are available in Thailand. The new
engine model will be designed to use with various
percentage of ethanol. The conventional engines may
be modified to use ethanol fuels due to its lower price.
The property of ethanol is different to the conventional
gasoline. That leads to different combustion
characteristics which effects to engine performance
and efficiency.

Many researchers have studied the combustion of
ethanol. S. Y. Liao [1] studied the best equivalent ratio
of ethanol fuel for cold starting in a constant volume
combustion chamber. The burn duration effects to
cyclic variation, peak combustion pressure and NO,
generation in an engine [2]. Faster burn rate effects to
reduce engine knocking due to less time for
spontaneous ignition to develop. Shorter burn duration
leads to operate at higher compression ratio and with
Leaner mixtures thus, higher efficiency, higher power
output [3].
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S.Y. Liao [4] studied premixed laminar combustion of
pure ethanol-air mixtures has been conducted in a
constant volume combustion bomb. The laminar
bumning velocities of ethanol-air mixtures are
determined over a wide range of equivalence ratio at
different temperatures. The shortest burn duration
occurs at equivalent ratio 1.0. The burn duration
decreases when initial temperature increases.

Many researchers studied only the combustion of pure
ethanol. The authors have not found the report of
combustion or flame propagation of gasoline blended
with ethanol such as E20 or E85. The purpose of this
research is to understand the combustion
characteristics of bio-ethanol. The flame propagation
of bio-ethanol was visualized by schlieren technique.
The mass fraction burn, peak combustion pressure
and burn duration of bio-ethanol were examined as
well. The maximum benefit of using ethanol fuel will be
obtained with the optimization of combustion. The
engine parameters such as injection duration and
ignition timing which effect to the air fuel ratio and
combustion characteristics should be adjusted for each
blend ratio of ethanol and gasoline.

EXPERIMENTAL SETUP AND PROCEDURE

The constant volume combustion chamber was
designed for simulating the combustion in an engine.
In this research, the shape of combustion is cylindrical
with diameter of 80 mm. Volume of combustion
chamber is 320 cm®. In order to visualize the flame
propagation, transparent and high strength material
must be used as windows of combustion chamber.
The transparent quartz disks were selected for this
combustion chamber. The sectioned view of constant
volume combustion chamber is shown in Figure 1.
Clearance of spark plug is 1.5 mm. The schematic
diagram of experimental set up is shown in Figure 2.
The experimental apparatus was design to prepare
mixture with a fuel injector and injection controller. The
thermocouples were installed at intake port, inside of
combustion chamber and at the wall of combustion
chamber. The electrical heater and controller were
equipped to maintain the temperature. In order to
measure the cylinder pressure, a pressure transducer
(Kistler model 611BFD16) was also installed in the
chamber. The historical data were recorded with high
speed data acquisition (Dewetron Model DEWE-5000).
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The movies of flame propagation were recorded by the The schlieren technique was adopted to obtain clear
Photron high speed video camera (Model APX-RS). images of bio-ethanol flame as shown in Figure 3.

Quartz disk

Heater

Fuel Pump
Pressure sensor
1
Control Box Vacuum Pump Service & Dry air
Fuel Tank Data Acqustion .
Wall Temperature I
oo l
Compitter Alr Compressor
Figure 2 Experimental Setup
Light source Pin hole ,!Plane mirror 1
l/’
Combustion chamber Concave mirror 2

Concave mirror 1 ||

Plane mirror 2

Figure 3 Schlieren setup for visualization of combustion flame
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Table 1 Specification of gasoline and ethanol

EO E100
Property (Gasoline) | (Ethanol)
Molecular Weight 114.8 46.07
RVP

(kPa) 62.6 16
Lower Heating Value
(kd/kg) 44,000 26,900
Heat of Vaporization
(kJ/kg) 305 840
Stoichometric A/F ratio 146 9

Table 1 shows properties of ethanol and gasoline. The
stoichometric air fuel ratio is different. Then the
amount of injection for ethanol and gasoline must be
calculated to obtain the same equivalent ratio.

TEST PROCEDURE

Table 2 shows the test conditions. The test fuels are
EO (gasoline), E20 (ethanol 20%), E85 (ethanol 85%)
and E100 (pure ethanol) In order to study effect of
equivalent ratio, initial temperature and initial pressure,
these parameters were varied as shown in the table.

Table 2 Test conditions

Test fuels E0 E20,E85 and E100

0.8,1.0,1.2and 1.4

Equivalence ratio

Initial temperature 177 and 197 C

Initial pressure 0.098 and 0.147 MPa

The experiment starts with adjusting the injection
duration with microcontroller. The injection duration
was measured by oscilloscope. The initial pressure
was adjusted by a regulator. The initial temperature of
combustion chamber was controlled by electrical
heater of 1300 W. The mixture was forced into the
combustion chamber by the air pressure. After all
mixture flew into the chamber, all mechanic valves
were closed. Then mixture was ignited by spark plug.
The combustion pressure was measured by dynamics
pressure transducer. The historical data were recorded
after ignition with high speed data acquisition at 5000
sample rate/sec. At the same time, the flame images
were recorded by high speed video camera at 10,000
frame per second.

To obtain the equivalent ratio of mixture, calculation of
AJF ratio was done by measuring the mass of air
before injection and amount of fuel injection.
Calculation of equivalence ratio
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Mass of air before start of ignition was calculated by
the following equation [5]

Where

.4 ¢))
R,T,

P is Initial gage pressure before combustion

V is Volume of combustion chamber

Rs is Gas constant of air

T, Is Initial Temperature of combustion

The mass of fuel depends on the injection duration
which is decided by microcontroller. Then equivalent
ratio [5] can be calculated by mass of fuelm,.

B (g 11, o

= ()
(my /1, gory
Where

(i ; [111,) oy 15 re2l air fuel ratio.
(miy /M, ) e 18 theory air fuel ratio.

The mass fraction burn is calculated from historical
pressure data. Pressure in the combustion chamber
corresponds to the mass fraction burn [5].

M()=2D"Pu (3)
Pum = P
Where
p(t) is Pressure in function time

P I8 Initial pressure
Poa 1S Peak pressure of combustion

RESULTS AND DISCUSSION

Historical combustion pressure data

Peak pressure, mass fraction were calculated based
on the historical pressure data. Figure 3 shows
pressure data of test fuels. As the results, pure ethanol
(E100) provides the greatest peak of combustion
pressure (0.873 MPa). The peak combustion pressure
of E85, E20 and ED are 0.853, 0.753 and 0.734 MPa
respectively.

_ ¢=10,B, =0.098 MPa ,T,, =177°C
e E20
—EB5S
E100

—_

O=2NWBEOOONDODWO
P D LA P el S T T

0.05 0.1 015 a2 025 03
Time after ignition (x1000 ms)

Figure 3 Historical data of combustion pressure of
E100, E85, E20 and EO (gasoline)

The ignition delay time is defined at 10% of mass
fraction burned. The combustion of pure ethanol
(E100) starts at 7.8 ms after ignition. The combustion
of E85, E20 and EO starts at 10, 14 and 15.2 ms

Pressure of combustion (X 0.1 MPa)

o



respectively. The mass fraction burned is shown in
Figure 4.
¢=10,F, =0098 MPa .T =17T7*C

o —
o] ’Wﬁ_‘w
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0.4
0.3 1
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0 o y . . . . '
0 0005 001 0016 002 0025 003 003

Time after ignition (x1000 ms)

Figure 4 Mass fraction burned data of each ethanol
blended fuel.

e EQ
e E20
— EB5 10% of mass

fraction burned

Mass fraction Burned

Figure 5 shows sequence of flame propagations
images taken by schlieren technique. These are the
images of flame at ignition time, 3 ms and 6 ms after
ignition. The flame diameter and flame area relates to
the flame speed of test fuels. At 6 ms after ignition,
flame diameter of E100, E85, E20 and EO are 4.80,
3.81, 3.65 and 2.88 cm respectively.

Start ignition 3ms 6 ms

Figure 5 Flame propagation of each test fuels at
equivalent ratio 1.0, initial pressure 0.098 MPa and
initial temperature 177 “C.

S.Y. Liao [1] showed flame propagation of EQ and E15.
The flame propagation rate of E15 is higher than EO. In
this study, the flame propagation of higher percent of
ethanol blends E20 and E85 was observed as well.
The author can conclude that the flame propagation
rate increases with percent of ethanol even at higher
blend ratio.
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Effect of equivalent ratio on flame propagation

In order to compare the flame propagation of each test
fuels, flame diameter and flame area were measured

by software of MOTIC PLUS.
0y gy #= 08 P =0.098 MPa T, =177°C
i B A e
E ¥1 —E20 o /
5 RN
En o
& 1S - e
10 e
: ¥ 'f“_%-;—lfrl/‘,:( | G . AR TR R . M TR |
B 2 4 6 8 10 12 M 16 18 N B U 26 18

Time after ignition (ms)

Figure 6 Flame area of each test fuels at ¢$=028.
Figure 6 shows flame area and combustion duration at
equivalent ratio 0.8. In this case, combustion duration
of E100, E85, E20 and EQ are 15, 16, 18 and 25 ms
respectively. Figure 7, 8 and 9 show flame area and
combustion duration at equivalent ratio 1.0,1.2 and 1.4
respectively. Figure 10 shows combustion duration of
each fuel at various equivalent ratios. The combustion
duration of pure ethanol is the shortest one for overall
equivalent ratio. The combustion duration of all fuels at
equivalent ratio 1.0 is shorter than that of equivalent
ratio 0.8, 1.2 and 1.4,

¢$=10,F, =0.098 MPa , T =177°C
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Figure 7 Flame area of each test fuels at¢g =1.0.
¢=12,P, =0098MPa.T_ =177°C
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Figure 8 Flame area of each test fuels atgp = 1.2 .

The results of pure ethanol combustion give good
agreement with results of S.Y. Liao [4] which included
only combustion pure ethanol. The combustion of
other mixing ratios E20 and E85 show same trend with
pure Ethanol. These results can be discussed as
follows. At equivalent ratio 0.8, the mixture is lean
which effects to lower flame speed. At equivalent ratio



1.2 and 1.4, the excess fuel may absorb more heat for
changing phase of ethanol and effects to reduce the
temperature and lower flame speed. The shorter
combustion duration effects to increase engine
efficiency and reduce NO, emission.
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Figure 9 Flame area of each test fuelsat¢ =1.4.
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Figure 10 Combustion duration of each test fuel at
different equivalent ratio

Effect of initial temperature on combustion
duration
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Figure 11 Combustion duration of each test fuel at
initial temperature of 177 and 197 °C

Figure 11 shows the effect of initial temperature on
flame propagation. The combustion duration of ethanol
fuels in case of initial temperature 177 “C is less than
that of 197 °C about 5.88 - 7.69%. The higher initial
temperature effects to increase the flame speed of all
test fuels. These results agree with calculation results
of S.Y. Liao [4]
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Figure 12 shows effect of initial pressure on flame
propagation. The combustion duration of ethanol fuels
in case of initial pressure 0.098 MPa is less than that
of 0.147 MPa about 7.7 to 28.57%. The higher initial
pressure effects to decrease flame speed of all test
fuels.

Effect of initial pressure on combustion duration
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Figure 12 Combustion duration of each fuel at initial
pressure of 0.098 and 0.147 MPa

CONCLUSION

The constant volume combustion chamber was
designed and manufactured for observing the flame
propagation. The combustion characteristics of bio-
ethanol at different blends ratio including EQ, E20, E85
and E100 was observed. The results show good agree
with other researchers at lower percent of ethanol. The
effects of equivalent ratio, initial temperature and initial
pressure on flame propagation rate and combustion
durations of various percent of ethanol were cleared.
The experimental results can be summarized as
follows.

1.Pure ethanol (E100) provides maximum peak
pressure of combustion and minimum ignition delay
compare to E85, E20 and EO.

2. The combustion duration of pure ethanol is less than
that of E85, E20 and EO respectively. The equivalent
ratio of 1.0 provides the shortest combustion duration
compare to 0.8, 1.2 and 1.4,

3. The flame propagation rate of each ethanol blends
increases with initial temperature. The combustion
duration of ethanol fuels in case of initial temperature
197 “C is less than that of 177 “C about 5.88 - 7.69%
4. The flame propagation rate of each ethanol blends
decreases with initial pressure. The combustion
duration of ethanol fuels in case of initial pressure
0.098 MPa is less than that of 0.147 MPa about 7.7 to
28.57%.

From these results, the information of bio-ethanol
combustion was revealed. To obtain lower heat loss in
combustion chamber, higher efficiency, lower NO,
emission, the shorter combustion duration is required.
This information is expected to provide the benefit for
ethanol engine design.
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