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Paiboon Leelanoi. (2007). The Performance Study of a Diesel Engine Using Buthanol

Base Diesohol Fuel. Master thesis, M.Eng. (Mechanical Engineering).
Bangkok: Graduate School, Srinakharinwirot University. Advisor Committee :

Dr. Pichai Asadamongkon , Lt. Col. Asst. Prof. Dr. Anotai Suksangpanomrung.

The aim of this thesis is to determine the maximum ratio of diesel fuel and
buthanol alcohol mixing that use in a diesel engine as the same condition with pure
diesel fuel. The mixing ratio of buthanol alcohol starts from 0 to 50% by volume of mixed
fuels then compares the engine performance , fuel combustion and engine wearing of
the diesel engine between mixed fuels and pure diesel fuel. The test will be operated at
the engine speed of 1500, 2000, 2500 and 3000 rpm. And at each engine speed, the
engine torque will be varied at 50, 90 and 120 N.m.

The result of this thesis was found that, 42% of buthanol in mixed fuel is the
maximum ratio that the diesel engine can be operated as the same conditions with pure
diesel fuel without any modification. By this mixing ratio, the break thermal efficiency is
averaged 12.92% higher than pure diesel fuel and the break specific energy
consumption is averaged 11.73% lower than pure diesel fuel. The break specific fuel
consumption is not significantly difference from pure diesel fuel. The air-fuel ratio is
averaged 3.52% lower than pure diesel fuel. The fuel consumption is not significantly
difference from pure diesel fuel. The O, from exhausted gas is also not significantly
difference from pure diesel fuel. However, the CO and HC from exhausted gas are
higher than pure diesel fuel. The CO, , NO, and smoke are lower than pure diesel fuel.
The wearing of engine parts is also not significantly found, however the black slag is

found at the piston heads in the case of mixed fuels.



a
UNN 1

UNUI

1.1 anattlusnuazanudranaasilym

flaqriunisiinds e mamaununn 1 iuanniuaennilaninisdnun Auadi

|
=X =

LAZARLNINAY WA ALUNTHATATNAIN AL LN TENALNUTTaNANINaaALTN AN M
dlzJ a o £% dl [l val a o o '8 3 A [

wanasuanlininige varedeldinisidalasnisiiueanesadun ldnaunuvisanauiy
UNUTRNAIUAN IALILAANATARNNNITINEIUN 2 T0A A LANIUBA LAY INN1UAA ANNLTLAR
nnslfuaanagadituimawaaraiiudiunanaasimanaglupraausdunitlnnelu 1aanisg

TTunnl3lu 3 ansoiy Aa 1) n17ldueanaaad (L@n1uea ) Wusananluindunialaau 2) N9

|

ldueanases (L@niuea ) Wwdamaddaanss 3) n17lduaanaaad (WN11ea ) WuAQUENTL

a Y

anAluerasaudiATesiu B9 ldmasluafaidusamuniaanausymiainiAiunung e

d‘ a L4 a o Z// d‘ 1 ¥ L% P dl 1 v 124
wwrasdusaeluluszAugs mﬂxmmmﬂmqmmwmuwmmgﬂmwmumimmm@m@m%

u
v

v
LAANDEDAREADITLAWNIUAS 1BNUEA UAT LUNUEA  AINNITARAINNIT T LeANBERATY 2

a o

11 felddsngdrinslfueansaedivassatintiduwimemas 100% wae luszas 30 Duilld

¥ 1%

An19Aupi1aulszauaugdalunsuan e anagaslssinn Weniuaa Lay daniuas Inel
aa o [ A ad‘ £ a 3 a o o £
Javdnaindryialusssnai g linananganaanaas Jaqiudaniusadaiigiann

) P = No ¥ a | = ~
W}\‘l‘ﬂizmﬂ FAANLANTBUNLNARNTAE 2.50 LN ﬁ‘ﬂﬂ’}ﬂ’m@%%@mmzﬁ 45 1N sﬁ\iLﬂuﬁ‘qﬂ’]WQQ
o
0

:J/ dﬁl o 1 ] £ a dl Yo v o ?.'/
NWﬂVN“LALW‘J"]tEl\?llNNﬂ’]ﬁ‘ZNL@?Nﬂ’]ﬁ‘ﬁ\l@ﬁlﬂ’]ﬁiuﬂﬁ‘tmﬁLU’ﬂ\‘l’Q’]ﬂﬂ?‘NWMﬂ’]iiﬁ]ﬂ\?u@ﬂ ANUUNN

[ %

A117708 NN T un AN U AU e RN N M AA N UN1THAR TuL s AR NN WD AR

v
o (=3 A

¥ ] o v o dal a A dl o A o
munumiﬂ AetiuNAeLiEI1 o ue AL LA LN AN 1 UARNNATNITNUININ ALNUATA N ANTIL

a

% A | o

duaenamdnlfdunesiuueanesedaiingu szl uAaNRsna o fueniues

v
A a o o a

Il uaaLAn AnuantRAeudinlndAsiuNIn (AsluniARuan 1) aniedsaunTnna
7 aa o = 1 dl Yo 1 U o o o =
Idelaeasnisminainiigsine Aansnsamlddneulszmalnedu dee |, Tudrdendavie
o A dll dl | ) o %’ o (2] al % o A dll Y @ dgl a
yiTdu ] FeApdianunsntiinaani v dustalrauwa s dun e I wmemag

naunule anesazidunisdaasnliinisnandoniuaalulssmalnesog

AnFuaudas il wWun1mMAgeuNenI4NII0UE NFANUTBLAZARIIE LA LaLRe
1ediAseseufnaasaugs Walduaanegedafindonueananiunidunmaludnaaausing o
TaaFunsaniansdaunumnizanwazaandiiuldlelunisdndonivea bl aniutingu

At e 1anunsn )t lsasqluauian



a [-4
1.2 I Usraan
121 WanIARIAIUHANTDNTUALIA LA TN IUARGI4ANANNIIONAFD UL
dl dl dl & a dl = a
LATRIEIUA AN LATREILAAN NI AULATANFEILL NG
dl =K dl ol Qi va ] d’l a
1.2.2 INAANHIANTTOUADILATAEILF A LTAN LN 1AL WAV LN AN I D LNAY
1.2.3 adArviiFauiauiBunndiudsenaulai@aiaanannipsageis
1.2.4 WalfFauieunI9anuIauadLATadesin g tonua audiunan lumawaeiu

dll o‘d‘ 9./%; o = 1 a
LATANEIUAN LN STUA LA LN R 19LALIY

1.3 VAULUAURINIFIRE
Tun193de Al lun1smeseuAnaNTAN19NI8nINLNLsEN192091 ST BINGY
) %; o d” a o 1 o dl o‘d‘a :J/ a I's dll
wazinindumemassietglinadeuiuATasausnaafsuulau lulines e ansTue
dl & ] al o 2’/ =KX o % a o Y oo le/
weaATassufuazdiulsznanluleldy dojuasaniarenanaesnisian el
1.3.1 Mdamasnanszasdaniueatiuiduasaludmnadau 0 — 50 wasfidusiae
= P a

1BUATNA T A NN LA NIANS AR udian ua st ULNTuA AN M duima A

1 v

b

4 '

1.3.2 nedaUiupTeuiAea 4 qu4 Sunzifedyy ju Al Faaseuulaunty
ﬁLmﬂuﬁmﬂﬁﬁﬁmaélﬁwmmmummLﬂ?:mwﬁm:zﬁquﬂizﬂﬂﬂui@L%ﬂimwmmuﬁ'
AmIAsaL 1500, 2000, 2500 WAz 3000 seusaud tatluusiazAnnuiisausausiastus
agiinnaianuussiin 3 Aie 50, 90 uaz 120 Tast-ums ANAIAL

= % £ i I3 ' da’ a
13.3 L‘]_l?ﬂ‘]_ILV]EIUﬂ’J"IQJ@?J’ﬂ'] ALUIaY LN’]TMN“II@\? Lﬂ?’ﬂﬂﬂumnﬂ@’luwﬁﬂmﬂ\m@ﬂLﬁ@L‘W@\?

1.4 Us=lagunmaininazlasu

1.4.1 litieyauazisnisdfuilpanssouziasesauimmanldionueananiuuidu
= [ dal a
ALEALIULTBLNAN

1.4.2 doaantFunnunig Munsunmanduima AN asnaLmen

1.4.3 Wunraaan mudniunis Mun S a A LA T suF A A

1.4.4 iluuuamedundunisdnm Auadise L inawmungdenndiae



UNN 2

N HASIUIAL TN AU

2.1 9)ansuAN (Dual Cycle)

o o

pAnstlifusuuunaseTaseusiRmanyia (High speed diesel cycle) vzaiilu

o o = o a A

nansndpuantAd Inddpansresasaaresawin dinduwdemasama Aanismntudly

o

] = = dl | 1 [ | o dl dld £
doqusnaslansuzlininsai wiludoanasazifuuuuauauasi anmenanisien ud
o o d . . v ¥ o da N e
sananaitiasarnnisin ndludausnaziflunismn daem@smainisssmeiadnanen faflu
Tudnwuzin nduuusiuniule dowdeanwasnssvasadiaziianismn dnnas Weenmgd
2a9aLE Indgannnne den1aen Il luafanasil gnquaaaiAzasaus LHARauNasTeni i
puauneluiaann lndasi viransainisenudludnraciianainainnisaaununisan
%)/ o é/ a a %’ o 1 a ¥ v £ = dl
Wnfudemas Inennsdeunduludasusnaz@adniasmnlunflulEunnsies @auuegnguiaeu
- - = o g v a X C e oA
TuneulivaagueneuuLlszanns 30 D9 40 9A1) N lRnaen wdiiaTuetedunduiogngy
4 = - YR v o X a = D2 A §ya
wauieaadudnauy antuAaaaudume masu B unnnndausniva lifiianiswmn
duuuaniuaauddn dpdnsuanazldss@nininnieannieuariindrdpganseaninus
- = o o dp a ¥ I o o = o o ¥
geanandpdnshaauasdadszudnimemaclininndigdnshiaa d)ansnantlsznaudag 5

N92UIUNNT AILAAS NN sEnaLl 1

NNLTENAL 1 WAAIUHUNIN P-V LAY T-S 18997)aNTNEAN
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o 1 o [ 1 al rz:ll k% dll ol o t:ll a

nsnMuANIAsgIAIATURIANYieleduvessnausi I deTeseuiRE aeiui 17 Hguiau
2540 sznAlusgiaa LN Lax 114 Raun 76 § a93UN 23 AuLNEl W.A. 2540

2. UsrnnAnsengaananddns malulatiuazAauindan atfui 4 (W.A. 2541) (784
NINMUANIATFIUAIATUANAINYIe le@e tessnewsin diATecudniaa aiuin 9 Auenau

2541 dsznalusianaanyunin 1as 115 nauiiasd 100 9 a93ui 27 ganan w.a. 2541

2.7 unilsnAiiassmunssy (Literature Review)

P

andnp dutlsziadg (2524) AN Idenislfiuniueadutiiumima luesesusd
= = v a = el o & a o Y o = = , - ! =
Auraguinen lunnmaaadlAauATaeusn danasiaaindunmaiea 1AL naun
AYINLTIVRAUATEILUFAIASTIANGT] AR 1000, 1500, 2000, 2500 uaz 3,000 FRUAEUIN
1 i'/ a dll Y da’ a | dl [~3 al o val dl o 1
FRANNIULAULA TR WAL TR INANFINTNANITIIaLLAEINY taleRnT A lasdmsda
o 1 1 tﬂl e‘tﬂl % val o 1 % = a %’/
180N Uea ludnadausing o) insesaudndnaaeuldinnsdFuuseuilaiesiing
o & dll ¥ QI dp dl a 1 1 a o % dglJ a [~ a
pyseafine lilawuniueanaunLBiasnlaan linsllewmamauesniudasy e
n19mMAaesLIngIn sl ua AU ma N AITINTUTN WA A LazA1NNen A uuNTuA LA
16 U2 A NBA W EIANN N UUDILATAIEIUAANAULANTAS ANNALILARUTAINAUANTWANTIAs)
Tadudadutiaass uialalasanfuen uazAnsuauNauuan I EARNIY NAIGIEATRILATESEIUE
ARRAULANTIDE
=

Tnan ARl (2527) 1HAnH3deNanaaaLAaNRIasLaaNaanauin 2 FAape

Iso-propy! alcohol ( propanol ) was Iso-butyl-alcohol ( butanol ) el umeinaanauiu

©

o o

st alranuazintun b f9A3aaeussEanann |3 AaLATaELFAA TATUIALAN NNAULAFA
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dsznnnu 8 usedln M ldiuialdlunianwmsnssy 8ve Mitsubishi watsingdn ueanazed
v v T e N - v q P o o -
Maananiviiuialaawsatniusa lsiiluednsnlmaainnisuansa uazilugoiugns
aN1TR octane rating 881195 NAYUNAN 20% azLiNa octane rating Uszannd 5 — 6 udae Tudu
dgl a I ¥ o o dl o a ng A
ANTIOULLTOINAHANLAANBERAUITNI 15%  HNNAATasUAINTUgIqALATAuLLADY
dall a v <3 4 (84 o ZJ/ 1o o di o
denastiasandniiealng lifeslfudeayisneslud dufuiesesauihmalssnm pre -
combustion chamber propanol ignsunsaiRuATassadauaziuvanls d9u butanol 1
IHBNANAINNINARBITIN 40%  a1lsngdnTiindsgendniialdindunaadon ddsdunlang
anWAsaasBNINlsznnng 12% Wadaunas butanol Tv 40% Tusunis@nise luipsaseus
= = > ' = = o o v @ o P e
aannagaulng’ld butanol sngan ns@nusereirsesausinimai lianas udnadouiy
UFuninauLe4 butanol TuERId91 0% butanol :20%butanol : 40% butanol = 17.49 :
8.06 : 6.56 AINAAL
A Koealewicz (1993) lévinnisdnmanantminiuuuiunanssuealudnndon
HAN 0 — 15 %lasffunmsreamniues wastiniuhmananiunIues Tudn1sdounas 0 - 20 %
Tneffunmsnesuniues allsaunauiuauaniRseidun inanerlsms wudeses
o‘d‘ k% [ ] = wd‘d 1 1 a a v 1
s I ueaiudounaniiniamn luinanduazazennandd Uss@ninnnismn udainda
04 40% NNauATRuAgaNd uaziinn sdnusavediAsasauntiasndn useednsysuli
WNIZANUNALTY HadouRaNiu 5% Ineifiunseuniues avfesdinisdiuiantingiu
AsUseafiNe WA lARIdauaIn ARLUNEUIIMNN AN Faeiin1sguinduNaNiaun1TanIsm
t:ldl dll c 1 tzll < = o 1 a 9; o ZJ/ ' e g 9; o élj
netifAsesausias luaninsifiu Annsdiuusaniaduringdussud A fysme suazanaundue
wasiatlasiu Vapour lock azlivinanadudauunsanduilume Iiifaatinuasdaguiedou
=) <
Re1dn
a [% Qra = ¥ o a o dl 1% & G| da/ a o [ dl &
A9ANA A3v017 (2531) THvinnisidaEaenisldueaneaediilumanasd miuinsees
Auta taemenaai i lunmadeuAe Ethanol  NaNiUANTIAN Iso-butyl  Nitrate  Uaz 1
ce o ¥ o d Yoo ey o .
iwafidusuesinduazisinanasll iNedoanaeauscuUTaWAS LAFaeusi 1iuATaseus
AR ALENT 1 IWAANIIN1TNEATUDI Yanmar $14 SA 80 L &49mar guihan Tidnsdnuilas
iATasesl nansmaaaulsngdnd 23 wefidus Tneisunnsaes Iso-butyl Nitrate LATaseIusH
wnltiunazBunwarels wazh 27 WefidusineiSunnsues Iso-butyl  Nitrate  LATBIRIWE
Start 165 warldanssourdlnglsinnainistian (knock) ldnan1megeuianuiFasaumei

097 wazulsilaaunisenssy (Load)  wudwATeaseusniman g Ethanol  mixture 19

dsz@ninmniepaniaugeniinisldvindiuniaa gruugiingla@adAiaindnanies Taunn
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co lulai@aiiAnlndtAeaiu uay Unburned hydrocarbon HAngenansiinlduinduaailu
TRLWAIHAN TusnuiAsgnanisld Ethanol mixture Whumawmasaznn lhde A ldanedssann 4

| 9% o bt = oo . o
winaasns nduaiea veillpedTaumaumaAenil e anaany

o -

[Fung aexfds (2531) innnsidanisldueansaediilumomaadsndniuieseaus

o <

AL lAEN1TIA8RANEINATA9INT I TennIuea 95 wWafidus fulATasausamalaaiauiani

¥ [y g o ] 96’ o v ) v Yo o a a 173
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a
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o

HANNINAAaLLIINGIT LAFasEuiNRlART SR dounanszdsenueaLaztnuRma b

1A 50 wlefifus Tuanendnidounangelu dsz@nninnisaonuiouaranasdnsinig

AuAaaNAT I UA LN 199N NTWTLAN AU A ldane et sresnulas lalnsAFuauD
v 1
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UsBmd sesudmd (2526) IiAneausunisninueanegedaintndes nntnana
Tudntenag me”m@mimwmﬁ'u I IEnanawiningas e 1w 10 ans (Eyela M
200) Tng/liAnansanmaaelsngdndnaan1suinganizonin aNsONaALaANDE0AEIanRAD
10.2 % (V) lwinan 24 falue wazidleBeufnfumssinnintinnadafisanse sl
Bunufinudnmnzasie (NH,),S0O, 0.05 lafimufuas KH,PO, 0.04 ilafidus wudn

UNERLAINITOVINUEANBERR b ANTININUNIANALAZNEIANAUABANANTBLNGN N13MNLEA

[
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1
s A a

N19A1 BAN Uaz SAN (Nove) tiaasiuduun 25 wlafidud Ngugil 80 waz 60 DA TR LT A

%

ANt 5.5 uaandinlu Fermenter lduaanazas 7.5 1lafidus

s [ %

Uszfing agdunn (2530) TvanstlsziliugafuunnsnanLaanaaasaIndan

a9 9

nems InanisAnesuyunIsnanueanages 95 wefidusd aanniniiais Sudnlzudauay

|
=

ihdatluaninlssnuuasiesdJUrng iennsssdsn suinivnnzanngaduiudng AL s

v
o a ¥ o

ArIUANFENTIATUIDIHANA AR AU UINY AL LATAUNUINYNARBARTIRILEANDERR 95
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a [ | ] o o & o

wafidus andnnALAINa1n a1uiun1sudniaangaaaINNIIMENULLL batch wag fed batch

q
v
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waaneaaas 95 wlafiduslulsnnugruniuazlsnuueanagaanazas e nsminuaanagas
andudrtendsiuldAurninananuasfunuisunasedansseiuaanoges 95 wlafidus
Tnamaaasuiniuduuazuiliudndenduuylfieulainianisdidsauineuiunisld mold

bran d1u5unisuninueanagasainingas linaaasnsinludendn (Fermenter) 2110 10 an9

|
a o

LADAWI ALY UERARSIBILaANaa0s 95 Wlafidus uFaunauiuNauIdsnyAradLlEa
13

YouWien WUgRe (2526) laAnsuumisiauInIsminueanagesaniiudnlenas
fu Tmeldi@asn Aspergillus  niger 367 lunnseesuilafusaniuiias Saccharomyces
cerevisiae Sc - 90 UsnginlAueanesadiesas 10.9 natlfuims

A7n1UA AU NG (2529) ANIN1598N1THARBT LAY DIN1UBA ANTUE1U 1A
TanaanNnsaay Usngdnldueaneaedgaiadesas 10.4 Ineisuing

aunad s (2528) TFvinnnsidaauialssuimunzanlunisnanueanagagann
FapunuasnsunIntiang wusruaaealssun ini lsgegatiuaasazrldniniinatlsyunn
tlay 91,000 weisngu InanuualisnAInInuieIasuas 900 U UAZIIAUBANDIDARATAL
9 um Tresuaminusnzanluszazesiuliainuasaneeslsanuaasing o Tussezdunudn
Tssunfaunamunzanign @asuyuedsluszazanaangn azfiaadulsanuauaninias
HAR 8.355 ANUARS

gand Azaen  (2525) Hinnisidatesnnnuiulllinisrssgiazeanisudn
1 a v = ~ = el o vy
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FUUARTA 9.80 LM TN3IANGLYUAINANRETlNsaNN B Aeninane lidnasi

-
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3.1 alnsaluaziAsasianisagaulssnaunas

3.1.1 \A3asaudnTa (Diesel Engine)

ANILNaL 6 LARILATANLIUEN I N3N AL

= o=l &
LATRILURN M Nadan LWLATRIE A

= 1 o/ 1 d’l
MANATAGI Asstellil
‘ﬂl 6 1
WATRIEIUA / fU
WULILATAIEILET
YUIANTTUANGL
AR
AINNANIELDNGL
ARNTIAIUNITEA
NNANIUGIRA
useiingage
A4ANRALNNL

o 4 4 o a
@ﬂwmzmumi‘wu / vinan

6%

Ao pRpm o o
EH/T@@?GQ WﬂﬁﬂqWW?@NIm\?qu

g /4JA1

4 gu 4 AUy (Gmumﬁ%)
93 mm

92 mm

2,499 cc

18.4 fia 1

90 hp‘ﬁl 4,200 rpm
17.5kg.m ‘17; 2,000 rpm

12 249A" fauAUTAILLY

Direct injection

e

22
0?2

f

20

!



3.1.2 launTufimes (Dynamo Meter)

anlszney 7 waaslnun lndmesuuunssiawilaniin (Eddy Current)

WLLNsTIAWTENT : U Froude Consine

St : AG 250 Project 00468
ANLFITDLGILN . 6000 rpm

PN TR P FUEals! . sngANEARETN

RRER LRI . wuuTuamEad (Load Cell)

ANNL3ITDLILATRIEIUET  duEesAINGST (Speed Sensor)
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3.1.3 garauRN laun Tudeas (Control Unit)

nwtlszney 8 wansgarauAN laun Tuiimes

TAPILANLATLTZNIANA (Control Unit)

AR R . Hewlett Packard
seuulfimnng : Windows 98
TisunsuAuAu : Compend 20000

Microsoft Excel

a

3.1.4 9uUnsnldngounnil (Measuring Temperature Box)

a

T1-T4

T5-Tb

a

nwdsznay 9 wansgilnsninndngungi

a
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a

gunsalinguuntaziudeynnasainglnsalingaungil (Thermo Couple) AINAARIN

a

il
- @mmﬁﬁq Wi (T,)
- Qquﬁﬁﬂ@@ﬂ (T,)
- QnuRvieg (Ty)
- Qmunﬁﬁﬁﬁmm‘m (T,)
- goupileds (T,)

dl A o o o
nwlsenau 10 LanATaINadnATUAN

A A o o o A ol Y o = Iy co
dwazasiadnaduntzeanresauwinias Inaldianisdauuunuias nsldgunaniin

v v
AduATiatl azinnnsdnAtresaTustaenulwlefidus (%) Tasarinnnsdn 3 A5 waaun

ALatadlafidusaTuAIaanu

naming . Tecnotest Garage Equipment Production
U : Tecno Test 74 460
AN NGgA LN AdaL . 200°C

?ZUUiWWWﬂﬁ‘zLL@ﬂN : 12 Volts



3.1.6 ginsnidnuialede

A A o 23 =l
nnilseney 11 wanamsesiednuialelds

upzasdan ldlun1dnsunniuialai@gainnisimn lvdaesiasaqeus teua CO

CO,0,,NO, uaz HC

naming : CODA product Australia
U : SFA 990
AN 1y . 0-50°C

Kl U

sruU AN LARS . 24 Volts

2

24
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3.1.7 ainsniinAanaiiian
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3.1.9 gunsnlindnsnislnarestiima fiuiATaseus
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3.2 AEmMenadaLl
1 dl L4 dal a a 1 Y o dl
NoUNIINAFBLANTIAULVRLATENE UGG TaNATHAGS <] Ian1siAeuumau
anguuazilziiudequlng nanuazanaiaswn udlnavianue adntulduianimasauiiu
1 v o A
3 gdssinarii An
Cod x - ,4 - o .
194N 1 FrnnnadasilaguaAudsatuazitasuuslnraaATasWs
> p ° 2% o = -1 a o ' = 3y o
dumauin 1.1 Mnmadauingldindunmaidumamasiesatanen Laana
n13UFusaLAsRIE U 1500, 2000, 2500 kA 3000 rom wazilfuusadnaaamsadsusiil 50,
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Fupauit 1.2 sinnmaaeulaeldiniame 95 % nandaniueas % iflu
FRNAMAN uazFUANANISITaL 1500, 2000, 2500 Laz3000 rpm WaazANIFITaLAz L
Aussinvauarecendidu 50, 90 uax120 fafuiuns Lﬁ@Lﬂ?ﬁlﬂwuﬁqﬂmmmuum’mmm@o
sauuazusiazuedn AxNIN9TuINANGE T ANNANIIWAARLIN N wileudunaud 1.1
Fupeud 1.3 vnimmaaenlagldingduaige 90 % wandianiuea 10 % iy
Fondadn uazlFuanauEisey 1500, 2000, 2500 La=3000 rpm LAaZAINNITITaLAZ L
Arussdinaaadecendfidu 50, 90 uax120 fafuiums Lﬁ@Lﬁ’éfaamuﬁgﬂmmmmmmmmL“‘if;
sauuazusiazusedn AzNIN9TUINANEANNANTIIWAARLIN N wileuduneud 1.1
Fupaud 1.4 vnimmaaeulagldinguaioe 85 % wandoniuea 15 % ilu
Aoaadn uazlFuAnaLEasey 1500, 2000, 2500 La=3000 rpm WAazANLITITaLazLFy
Ausslinraaeiaseudifhy 50, 90 uax120 Tafulns Lﬁ@Lﬂ%wuﬁqﬂmmmm:mmL'S'*f;
sauuazwsiazuaela azianistiunnAse I uniselunARmen n wileudunaud 1.1
Fupeud 1.5 vn1mmaaeulagldinduaiae 80 % wandianiuea 20 % iy
BONEMEN waztlFuAANiEsay 1500, 2000, 2500 Laz3000 rpm WaazANIFITaLAz LT
Aussdinvauatecendidu 50, 90 uax120 fafuiums Lﬁ@Lﬂ?ﬁlﬂwuﬁqﬂmmmmmmmL?fs
sauuAzusiazusedn AzNINITUNNANGEANNANIIWAARLIN N wileuduneud 1.1
Fupaud 1.6 vnimaaeulagldindunima 75 % wandoniuea 25 % iy
FoINAmAn uazlFuA AL Gzl 1500, 2000, 2500 La=3000 rpm LAaZAINNITITaLAsL
Arussdinaaadecendfidu 50, 90 uax120 fafuiums Lﬁ@Lﬁ’éfaamuﬁgﬂmmmmmmmmL?q
savuazuiazusedn AzNIN9TUNNANEANNANTIIWAARLIN N wileuduneud 1.1
Fupaud 1.7 vnimmaaeulagldingudima 70 % wandianiuea 30 % iflu
Fonamdn uazlFuAALEasey 1500, 2000, 2500 La=3000 rpm WAazAHLTITaLazLFy
Ausslinreaeieseudify 50, 90 uax120 Tadulns Lﬁ@Lﬂ?@@ﬂuﬁqﬂmmmm:mmL"S'*f;
saLuazwsiazLaela azinnmstunnAse I nniselunARLen n wileudunaud 1.1
Fupaudt 1.8 inmmaaeLlaeldtnuALTe 65 % wanTianiuea 35 % iy
AoAmANLaLLFA AN ETeL 1500, 2000, 2500 La=3000 rpm waazANIFIsaLazlsy
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ABLN9NITATUIUANTTAUSLAS DI UA

17 dl @ 17 a @ 90/ o a
TaUAN ITAD ANNAIINTRUAALNINARDLALEILNEUR LTS

a a

ANNISIT AT DI = 2000 rpm
usaDlpLAT R (T) = 90 N.m
NN89911LL9A (BP) = 19 KW.
@j“mmmivl,m‘ﬂmﬂmmml,%@L‘wﬁq (mg) = 0.00471 kg/s
am3niglvalaaunaaedainia (m, ) = 0.04942 kg/s
Anfignlgannuntuiimes (h) = 26 mmH,0
grunniuiala@aean (T,) = 531.15 K
@qmmﬁﬁﬁmmﬁumﬁﬂ (T,) = 345.15 K
fruUnRaINIANGN (T,) = 306.15 K
AYNNAULTTENA (P,) = 101.325 Pa
AN LB AN TR 1A Q) = 45,968 kJ/kg
AL TNsTURTA (D) = 836.9 kg/m’

%
1. ANTANUIUUNANE AN AIUITUINNBNNARLLTBLNGS (Air-Fuel ratio)
Air — Fuel ratio (A/F) = mg / rhf

0.04942(kg/s)
0.00471(kg/s)

10.49 kg, /KO

2. NNIATUIUMNE RN AWL AR TaINAIRINNZILsA (Brake Specific Fuel Consumption)

bsfc = (r'nfx3600 )/BP
_ 0.00471(kg/s)x3600
19(kW)
= 0.892 kg/kW.hr
G m, = fRsN1sAUIUARTAINGS | kg/s

BP = NIAINULLITA , KW
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NFANUIIMNANLA WL AR NNZILTA (Brake Specific Energy Consumption),

KJ/KW.hr

bsec Q,, x bsfc

45,968 (kd/kg) x 0.892 (kg/kW.hr)

41,003.456  kJ/KW.hr

N12ANUIDIMNNNANLLTBLNGS (Fuel Power)

FP = m; x Q

0.00471 (kg/s) x 45,968 (kJ / kg)

216.37 KkW.

AMTATUIUMN L ANBANIT9ANN S UTRINAY (Brake Thermal Efficiency)

BPx100
Nemw = Fp

19(kW)x100
216.37(kW)

= 8.78%



Fatneanisiuannsien lnsaaudainas
1. aunansun minsudies (C,,,H,,,) Ua8IN1A 100%
CusHy o +(20.625)(0,+3.762N,) —> (14.4)CO,+(12.45)H,0+(77.591)N,
C,,uH,, s+20.6250,+(20.625 X 3.762)N, —> 14.4C0,+12.45H,0+(20.625x3.762)N,
Tnalua
1+20.625+20.6256x3.762 — 144+ 1245+ (20.625 x 3.76)
Theiinmin
(14.4 x12) +(24.9 x 1) + (20.625 x 32) + (20.625 x 3.762 x 28) —  14.4(12+32) +
12.45(2+16) + (20.625 x 3.762 x 28)

FNIN1EIUANNNA / FTALNAY

(20.625x32) +(20.625x3.762x28)

AJF ratio =
ratio (14.4x12)+ (24.9x1)
= 14.327 kg, /kg,
T34 CO, = 633.6 Q.
1w H,0 = 2241 g
Tane N, = 2,172,555 g.

2. aunienswn ludvngudiaa (C,, ,H,, ) WaraInNA 75% Asiuannianisinlindinld
anysniazle

C,ouH,, o+ 0.75 x (20.625)(0,+3.762N,) — aCO,+bH,0+ cCO + 58.2N,

A carbon balance 1§ a+c = 14.4 (A)
A hydrogen balance 16 2b = 24.9 , b = 12.45 —wrmememeeee (B)
A oxygen balance 5 2a+12.45+ ¢ = 30.94 --meooemeee ()

96

a1N&NN1T (A) (B) (C) azld a=4.09 , b=12.45 , ¢ = 10.31 wnuluannisnisun lugdazls

CouuHye ot 15.4680,+ 58.2N, — 4.09CO,+ 12.45H,0 + 10.31CO + 58.2N,
Tnelua
1 + 15.468 + 58.2 — 409 + 12.45 +10.31 + 58.2

TaeIinviin
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(14.4x12) + (24.9 x 1) + (15.468 x 32) + (58.2 x 28) —  4.09(12+32) + 12.45(2+16) +

10.31(12+16) + (58.2 x 28)

FNI1EIUANNNA / FTALNAY

(15.468x32) +(58.2x28)

AF ratio =
ratio (14.4x12)+ (24.9x1)
= 10.75 kg, / kg,
133104 CO, = 179.96 g.
W H,0 = 2241 g.

T N, = 16296 g.
741 CO = 288.68 g.

3. aunnsnawn ludinduaea (C,, H,, ) WazaIn1A 70% AItuannensin mdnla
anysniazls

CyaaHyy ot 0.70 X (20.625)(0,+3.762N,) — aCO,+bH,0+ cCO + 58.2N,

A carbon balance 1§ a+c = 14.4 (D)
A hydrogen balance 16 2b = 249 , b = 1245 (E)
A oxygen balance 16 2a+1245+C = 28.875 —cooommeeeeeeee (F)

NaNN13 (D) (E) (F) agle a=2.025 , b=12.45 , c=12.375 wnulugaunisnisimnlusl

a4
C,iaHyu ot 14.43750,+ 54.314N, — 2.025C0,+ 12.45H,0 + 12.375CO + 54.314N,
TneTua

1 + 14.4375 + 54.31 — 2025 + 1245 +12.375 + 54.31
Tneiinmin
(14.4x12) + (24.9x 1) + (14.4375 x 32) + (54.31 x 28) —  2.025(12+32) +
12.45(2+16) + 12.375(12+16) + (54.31 x 28)

FNI1EIUANNNA / TALNAY

_ (14.4375x 32) +(54.31x 28)
(14.4x12)+(24.9x1)

= 10.03 kg, /kg;

A/F ratio



T4 CO, = 891 g
1w H,0 = 2241 g.
1Tue N, =1,520.68 g.
30U CO = 3465 g.

4. Mm?mﬂmiuﬁﬁﬂﬁuﬁm@ (CysiHyse) 58% WAy 1eU-11991uaa (CH,(CH,),CH,0H)

42% AUAINIA 100%
0.58 C,, ;H,, , + 0.42 CH,(CH,),CH,OH + 14.4825(0,+3.762N,) — 10.032CO,+
9.321H,0+(14.4825x3.762)N,
JGHE
0.58 + 0.42 + (14.4825x3.762) — 10.032 + 9.321 + (14.4825x3.762)
Theiinmin
0.58[(14.4x12)+(24.9x1)] +
0.42[(1x12)+(3x1)+(2x12)+(4x1)+(1x12)+(2x1)+(1x16)+(1x1)] + (14.4825x32)+
(14.4825x3.762x28) — 10.032(12+32) + 9.321(2+16) + (14.4825x3.762x28)
ARIVIAIUBINA / Foind (AJF ratio)

A/F ratio = [(14.4825x32)+( 14.4825x3.762x28) ]/
[(0.58x197.7)+(0.42x74)]
= 13.6468 kg, / kg,

131104 CO,

441.408 g.
134 H,0 = 167.78 g.
faned N, = 1,525.53 g.

5. Mm?mﬂmiuﬁﬁﬂﬁuﬁm@ (CsiHase) 58% WAy 1eU-11991uaa (CH,(CH,),CH,0H)
42% fuaInIA 80 %

0.58 C,, ;H,, , + 0.42 CH,(CH,),CH,OH + 0.80x14.4825(0,+3.762N,) — aCO,+

bH,O+ cCO + 0.80(14.4825x3.762)N,

A carbon balance 1§ a+c = 10.032 (G)

A hydrogen balance 16 2b = 18.642 , b = 9.327-- —-rmermmmemee (H)

98
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A oxygen balance 16 2a+9.321+c = 23.592 (1)

MNaNN1T (G) (H) () azld a=4.239 , b=19.321 , ¢ = 5.793 unuluannisnsienudazls
0.58 C,, ,H,,, + 0.42 CH,(CH,),CH,OH + 0.80x14.4825(0,+3.762N,) —> 4.239CO,+
9.321H,0+ 5.793CO + 0.80(14.4825x3.762)N,

TneTua

0.58+0.42+11.586 +43.586 — 4.239+ 9.321 +5.793 + 43.586

Tneinmin

0.58[(14.4x12)+(24.9x1)] +
0.42[(1x12)+(3x1)+(2x12)+(4x1)+(1x12)+(2x1)+(1x16)+(1x1)] + 0.80((14.4825x32)+
(14.4825x3.762x28)) — 4.239(12+32) + 9.321(2+16) + 5.793(12+16) +
0.80(14.4825x3.762x28)

ARINAIUBINA / FBoind (AJF ratio)

A/F ratio = 0.80((14.4825x32)+( 14.4825x3.762x28))/
[0.58[(14.4x12)+(24.9x1)] +
0.42[(1x12)+(3x1)+(2x12)+(4x1)+(1x12)+(2x1)+(1x16)+(1x1)]]

= 10.92 kg, /kg,

133104 CO, = 186.516 g.
TN H,0 = 167.78 g.
el N, = 1,22042 g.
70U CO = 162204 g.

6. aun1TnIgn ludundudima (C,, H,, ) 58% wax du-daniuaa (CH,(CH,),CH,OH)
42% AuanA 70 %

0.58 C,, ,H,,, + 0.42 CH,(CH,),CH,OH + 0.70x14.4825(0,+3.762N,) —> aCO,+

bH,O0+ cCO + 0.70(14.4825)(3.762)N2

A carbon balance 1§ a+c = 10.032 (J)

A hydrogen balance 1§ 2b = 18.642 , b = 9.321-- —mmrmmeemmee (K)

A oxygen balance 16 2a+9.321 +c = 20.6955 (L)
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aNaNN13? (J) (K) (L) Azl a=1.343 , b=9.321 , ¢ = 8.689 unuluannisniguenugals
0.58 C,, H,, , + 0.42 CH,(CH,),CH,OH + 0.70x14.4825(0,+3.762N,) —> 1.343CO,+
9.321H,0+ 8.689CO + O.7O(14.4825X3.762)N2

TneTua

0.58 +0.42+10.14+38.14 — 1.343 +9.321 + 8.689 + 38.14

Tnevinuiin

0.58[(14.4x12)+(24.9x1)] +
0.42[(1x12)+(3x1)+(2x12)+(4x1)+(1x12)+(2x1)+(1x16)+(1x1)] + 0.70((14.4825x32)+
(14.4825x3.762x28)) — 1.343(12+32) + 9.321(2+16) + 8.689(12+16) +
0.70(14.4825x3.762x28)

FAdINRNA / [To NG (AJF ratio)

A/F ratio = 0.70((14.4825x32)+( 14.4825x3.762x28)) /
[0.58[(14.4x12)+(24.9x1)] +
0.42[(1x12)+(3x1)+(2x12)+(4x1)+(1x12)+(2x1)+(1x16)+(1x1)]]

= 955 kg, /kg,

133104 CO, = 59.092 g.
fu10u H,0 = 167.78 g.
sae N, = 1,067.87 g.
170U CO = 243292 g.
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PTT Research and Technology Institute

PTT Public Company Limited

Fuels & Lubricants Research Depariment
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7iMoo2 Phahonyothin Rd.. Wangnoi. Ayulihaya 13170 Tel  0-2537-3000 Ext 2411. 3208 Fax 0-2537-3000 Ext 3210

Certificate Number
Reference Number
Sample IO
Customer Name
Sample Name

Sample Source

CERTIFICATE OF ANALYSIS

: FLA-LOB1/49
© 131/49
T LA-324/49

s iTuuaadu 100 dalus

Page
Sampling Date

Sample Received Date

| Wi firnsnntema uninedshefunditn - Sample Condition

Analysis Date

Operator's Name

1

1 18/04/49
. Good

1 20/04/49
8T

ltem Property, Unit Test Method Result
i Wear Metal Content. ppm wt ASTM D 5185
5i 923
Pb i 56
Fe 93
Cr 182
Cu 097
Al 311
Remarks

Reported By : 8T

Clit T

Approved By
{Mr Pichit Pripanapongs)
Specialist
Date of lssue April 24, 2006

This certificale of analysis is referred (o only submitted sample(s) It is your responsibilily to use herein resulls

inany purposes This certificate shall not be reproduced. except in full. and herein resulls shall not be used for

advertising or public relation without the written approvat of the Specialist or Department Manager

Form F&LROD-003

Revision 0-15/3/47
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Fuels & Lubricants Research Department

71 Moo 2 Phahonyothin Rd . Wangnaoi. Ayutthaya 13170 Tel 0-2537-3000 Ext. 2411. 3208 Fax 0-2537-2000 Ext 3210

CERTIFICATE OF ANALYSIS

Cerlificate Number  : FLA-L0B82/49

Reference Number  ; 132/49

Fage A

Sampling Date
Sample Received Date : 18/04/49

Sample 1D T LA-325/49
Customer Name i RmnnAans winedoAiudun Al Sample Condition : Good
Sample Name  : tinshuusiedu 200 Falas Analysis Date - 2004149
Sample Source Operator's Name : 8T
Itern Property, Unit Testmh.ﬂefhod I Resuit
i Wear Metal Content, ppm wi ASTM D 5185
Si 885
Pb 201
Fe 1167
Cr 2m
Cu 084
Al 369
Remarks

Reported By : ST

Approved By ¢ ﬁﬂlf/& )O

(Mr Pichit Pripanapongs)
Specialist

Date of Issue April 24, 2006

This cerificate of analysis is referred to gnly submitted sample(s) It is your responsibility to use herein resuits

in any purposes. This cerdificate shall not be reproduced, except in full, and herein resulls shail not be used for

advertising or public relation without the written approval of the Specialist or Depariment Manager

Form F&LRD-003

Rewvision 0-16/3/47
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Fuels & Lubricants Research Department

71 Moo 2 Phahanyothin Rd . Wangnoi. Ayulthaya 13170 Tel  0-2537-3000 Ext. 2411, 3208 Fax 0-2537-3000 Ext 3210

Certificate Number

Refarence Number

Sample 1D

Customer Mame

Sample

Name

Sample Source

CERTIFICATE OF ANALYSIS

T FLA-LDB3/49
© 133449

o LA-326/49

- esFRans e sang s v @il

- trhmdadu 300 dalus

Page

Sampling Date

AN

Sample Received Date @ 18/04/49

Analysis Date

Operator's Name

Sample Condition

: Good
1 20/04/49
. 87

item Property, Unit Test Method Result
1 Wear Melal Content, ppm wi ASTM D 5185
Si 928
Pb 219
Fe 1615
cr 2 54
Cu 096
Al 447
Remarks . &
Approved By : &éw : P

Reported By : ST

Date of Issue

(Mr Pichil Pripanapongs)
Specialist
Aprit 24, 2006

This cerificate of analysis is referred to only submitted sample(s) 1tis your responsibilily to use herain rasulls

in any purposes This certificate shall nol be reproduced, excepl in full, and herein resulls shall not be used for

acvertising or public relation without Ihe writien approval of the Specialist or Department Manager

Form FELRD-003

Ravision D-15/347



PTT Research and Technology Institute
PTT Public Company Limited

105

Fuels & Lubricants Research Department

71 Moo 2 Fhahonyothin Rd , Wangnoi, Ayulinaya 13170 Tel 0-2537-3000 Ext 2411, 3230 Fax 0-2537-3000 Ext 2236

CERTIFICATE OF ANALYSIS

Certificate Mumber  : FLA-F110/49
Reference Number . 120/49
Sample ID c FA-132/49

Customer Name

Page HRTA |
Sampling Date o
Sampte Received Date : 18/04/49

C AARTIANNITUATRANE NN A EA AT T e AT

Sample Condition : good
Sample MName . Diesel + Butanol 10% Analysis Date  26/04/49
Sample Source - Operator's Narme : SUP
Itern o Property, Unit Test Method Result
1 Gross healing value, J/g ASTM D240 44,850

Remarks

Reported By : PP

Approved By : |t A }
{Mr Pichit Pripanapongs)
Specialist

Date of lssue 27 Aprit 2008

This certificale of analysis is referred o anly submitted sample(s) It is your responsibility to use herein results

in any purposes This certificate shali not be reproduced, except in full, and herein resulls shall not be used for

advertising or public relation without the writler approval of the Specialist or Depariment Manager

Form F&LRD-003

Revision 0-15/3/47
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Fuels & Lubricants Research Department

71 Moo 2 Phahenyothin Rd . Wangnoi. Ayulihaya 13170 Tel  0-2637-3000 Ext. 2411. 3230 Fax 0-2537-3000 Ext 2236

CERTIFICATE OF ANALYSIS

Cerlificate Number  : FLA-F111/48
Reference Number : 127/49

Page S
Sampling Date -

Sample 1D : FA-133/49 Sample Received Date : 18/04/49
Customer Name L eRAAINIS AT BING 1A AiuASumsA Tsm Bedine
Sample Condition : good
Sample Name . Diesel + Butanol 20% Analysis Date : 26/04/49
Sample Source - Operator's Name L SUP
tem Property, Unit Test Method Result
1 Gross heating value. Jg ASTM D240 43,485

Rernarks
Reported By : PP

Approved By %@[Lu& J’Q

{Mr Pichit Pripanapongs)
Specialist

Date of Issue 27 Aprit 2006

This certificate of analysis is referred to only submitted sample(s) 1t is your respensibility o use herein resulis

in any purposes This cerdificate shall not be reproduced, except in full, and herein results shall not be used for

adverlising or public relation without the wrilten approvat of the Specialist or Depariment Manager

Form F&LRD-003

Revision §-15/3017
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PTT Research and Technology Institute

FTT Public Company Limited Fuels & Lubricants Research Depariment

71 Moo 2 Phahonyothin Rd . Wangnoi. Ayutthaya 13170 Tel 0-2537-3000 Ext 2411, 3230 Fax 0-2537-2000 Ext 2236

CERTIFICATE OF ANALYSIS

Certificate Number  : FLA-F112/49 Page 1N
Reference Number  : 128/49 Sampling Date e
Sample ID : FA-134/49 Sample Received Date : 18/04/49
Customer Name . PARTARINIIIATENNG MU Ve FuATuAS M Rl B mE
Sample Condition : good
Sample Name : Diesel + Butanol 30% Analysis Date 1 26/04149
Sample Source t= Operator's Name 1 SUP
ltemn . Property, Unit Test Method Result
1 Gross heating value, Jig ASTM D240 42,721
Reported By : PP Approved By Byj’['bf—/' -
{Mr Pichit Pripanapongs)
Specialist
Date of Issue 27 April 2008

This ceriificate of analysis is referred to only submitted sample{s} Itis your responsibilily to use herein results
in any purposes This certificate shall not be reproduced. except in full, and herein results shall not be used for

advertising or public relation without the written approval of the Specialist or Department Manager

Farm F&LRD-003 Revision 015347



Injection pump No:

edem e

Pump rotation :

INJ. PUMP CALIBRATION DATA
'  “ENGINE MODEL: 47 A1-T.

" DKKC No. iM ‘!"4 4’"5’( 52 *4

Date :
Company : JSU & W
No. 3

Refer to the service manual (VE pump B.LS. ; Publication No. EE'I4E-HO41i for all procedures and details other than

the following.

1. Test Conditions <PME® Addition

i—1 Nozzle:

1—2 Nozzle holder :

105780-0000 (NP-DN12SD12T)
105780-2080(EF8511/9)
1—3 Nozzle cpening pressure : 150" °kg/cm?

Injection pipe

A
HSOAKUI R | $5-190 ng/emﬁ
1—4 i
1—5 Fuel oil temperature :
1—6 Supply pump pressure : 0.2 kg/em®

: 2X6X840mm
45+7C

§ Pump speed 5 Charge air Difference in
2. Setting (rpm) PONGE press(mmHg) delivery(cc)
2—1 | Timing device travel f,500 2.0 (mm)
2—2 | Supply pump pressure 1. 500 4.2 (kg /cm?)
2—3 | Full load delivery 4 = 5 (ce/1,000st)
Full load delivery I’ﬂéq 4 R.020-5(ce/1,000st)
2—4 | |dle speed regulation % e 8. 4280 Ecc/i. 000st)
2—5 | Start 100 0.0+ 40.0 cc/1, 000st)
2—6 | Full-load speed regulation S e st
P g 2500 AR 2 2.0
28
29
3. Test Specifications ?ﬁfgmd on OFF”
31 Timi devic N = rpm '500 I 7’0& 1050
T mm £.920.1 24204 . 5.%104
M) N = rpm i50¢
_3__“2 SHpply pUmp kg/cm? ARt 0.8
o) e N = rpm ! 500
3—3 Overflow delivery cE/108 %0 X130
3—4 Fuel injection quantities
4 Speed control Pump speed Fuel delivery Charge air | Difference 3 :
lever position - (rpm) (cc/1, 000st) press(mmHg) | in delivery{cc) 4. D"“E“S'm.‘s
Max. speed i)dﬂf A t0.5 K B.110.) mm
500 P el KF . L5200 ren
¥s0 o2 % e 0-§%0 mm
CS
t}qoo Ye2 4 FE’Bre—stroke O A5y ME:
Agoo | a5tz s =1
Addition Control lever angle
a (2 4‘ deg
Switch OFF ; ‘ A e mm
Magnet valve 27s (i) Idﬂ 8 2515 q
218 e
Idling L 942K : e K mrﬁ
.3 D deg ’
C ez mm
3—5 Solenoid Max.cut-in voltage : 8V, Testvoltage : 12~14V

JE

o . DIESEL KIKI

DIESEL KIKI CO,LTD.
Service Depariment

3-6-7 SHIBUYA, SHIBUYA-KU. TOKYQ 150. JAPAN
Tel. (03) 5485-4135- Fax: (03) 797-6069
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PTT Research and Technology Institute

PTT Publie Company Limited Fuels & Lubricants Research Depariment

71 Moo 2 Phahonyothin Rd, Wangnoi, Ayutthaya 13170 Tel  0-2537-3000 Exl 2411, 3230 Fax 0-2537-3000 Ext 2236

CERTIFICATE OF ANALYSIS

Ceriificate Number : FLA-F113/49 Page 11
Reference Number  : 129/49 Sampling Date 1 -
Sample 1D : FA-135/49 Sample Received Date © 18/04/49
Customer Name - MATEAINISLASANG Waine A uAT R e aafimy
Sample Condition : good
Sample Name : Diesel + Butanal 40% Analysis Date ; 26/04/49
Sample Source - Operator's Mame :SUP
ltem Property, Unit Test Metiod Result
1 Gross heating value. Jfg ASTM D240 41,754
fematis Do D
Reported By - PP Approved By %@L@, [~
{Mr Pichit Pripanapongs}
Specialist
Date of Issue 27 April 2008

This certificate of analysis is referred to only submitted sample(s) |t is your responsibility to use herein resuls
in any purposes This certificaie shall not be reproduced. except in full, and herein resulls shall not be used for

advertising or public relation without the writlen approval of the Specialist or Department Manager

Form F&LRD-003 Revision 0-15/3/47
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PTT PUBLIC COMPANY LIMITED

PTT Research & Technology Institute

71 Moo 2, Pahon Yo Thin Rd km 78, Wang Noi, Ayuttaya 13170 THAILAND Tel. (662)537-3000
FAX (662)337-3000 Ext. 3308

Engineering Research & Engine Test Depariment

TEST REPORT
Test Number : CFR-2006-06
Test Cell Number : TB109
Sample Description : Diesel + Butunol 42%
Customer : Department of Mechanical Engineering Srinakharinwirot

University, Ongkharak

Customer Address : 107 Rangsit-Nakhonnayok Rd., Khong 16, Ongkharal,
Nakhennayok, 26120

Sample Received Date : April 24, 2006

Tested Date : May 10, 2006
Test Item Methods Result
Qctane Number, Research Method (RON} ASTM D 20699 -
Octane Number, Motor Method (MON) ASTM D 2700 -
Cetane Number (CN) ASTM D 613 34.0

REMARK Test Resul ;‘)f Check Fuel High = 50.6
Tested by '

Approved By Nﬁ?fzé" AZKJ?"M}” T'Z/@Y/‘ﬁ

( Nirod Akarapanjavit )

Technician Vice President
Engineering Research and Engine Test Department

May 10, 2006 May 10, 2006

This test result is refered 1o only submitied sample (File Name: CFRTESTE DOC) Revised as 6/9/2000
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Lrdss
PTT PUBLIC COMPANY LIMITED ‘- A
GUALITY CONTROL DIVISION, TERMINAL OPERATIONS, OIL BUSINESS N e
555 ARDNARONG RD,, KLONGTOEY, BANGKOK 10260, THAILANG. L
TEL. +88 {0) 2238-7148 FAX, 488 (0} 2239.7149 WWW.PTTPLC.COM e
No C014
Pag: lof |
Certificate of &ngly:s’ig
Product : High Speed Diesel
Cert. No. T-04/11038
amplc Lab No. : OP-04/11354 Delivery Date 10 Aug 2004
Customet/Supplier : Phrakhanong Oil Terminal Date of Test + 4G Aug 2004

Sample Location
Batch No.

: Tank No. TA 12
: TA 12/04/020

Date of Sampling
Sample Condition

;10 Aug 2004
: Good

Product Source

: REF- A, Vessel NAVAKHUN-21

TEST ITEM TEST METHOD LIMIT  RESULT
* |. Apearance, Visual cB C&B
* 2. Calculated Cetane Index, ASTM D976 -91 min 47 33.8
* 3. API Gravity @ 60 °F, Upper, ASTM D 1298 -99 Report 38.03
* API Cravity @ 60 °F, Lower, ASTM D 1298 -99 Report 37.31
* 4. Specific Gravity @ 15.6/15.6 °C, Upper, ASTMD 1298-99 (081-087 08347
* Specific Gravity @ 15.6/15.6 °C, Lower, ASTM D 1298 -99 (C81-087 08382
: * 5. Kinematic Viscosity @ 40°C,mmz/s ASTM D 445 -01 L8-41 33030
* 6. Pour Point,°C ASTM D 97 -96a mex 10 <9
“ 7. Sulphur Content,% wt. ASTM D 5453 -00  max 0.035 (.0254
* 8. Water and Sediment, % vol. ASTM D 2709 -96 max 0.05 g
9. Flash Point, (P.M.),°C ASTM D 93 -00 min 52 67.0
10. Distillation : Initial Boiling Point,°C ASTM D 86 -0 Report 177.5
Distillation : 10% Vol. Recovered,°C ASTM D 86 -01 Report 295
Distillation : 50% Vol. Recavered,°C ASTM D 86 -01 Report 287.7
Distillation : 90% Vol. Recovered,°C ASTM D 86 -0t mag 357 3527
* 11. Colour, ASTM, ASTM D 1500 -98 max 2.0 .0

Remark :

{a) Extracted from Sample Lab No. OP-04/11275

Approved by :

| )
.bewh It
Phurita Pothisuk

Date of Issue

* Test marked "Not TISI Accredited" in this Certificate are not included in the TIS]
Accreditation Schedule for our Laboratary

|
.

15 Aug 2004

(This certificate relates only to the sample tested. Reproduction of it or any of its cons stuent part is not
permitted without the consent of Quality Control Division manager)
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| SAMPLING AND ANALYSIS

112

Cartlficnts No, LIC-DE55/05
215

@

Page :

Vgssul © M.T. “ CRAME PLANET

[y H
Cargo : NORMAL BUTAMNOL

The samplos drawn as the following location were put inte dry and cleansd bottles and

distributed a5 under o

For analysis

For retention

ANALYS

7

Ship's Tank(s) No. 1-5

1 x A0 CC

1 x 450 CC

We boarded the vossel and drew samples of the carge {rom her concarned ship’s tank. The
sample was Uien aoalysed at the Siam Tank Terminals's laboratory with the {oflowing results :-

Appoance

Chden

Cualour {Pi-Co)
Watar Contant (Wt.%6)
Distillation, *C {1 B.P-0 P
Acidity as Acetic Acid (W1 %
Spacifle Gravity @ 20/20°C :
Purity (We by

Rasull
Subsiantislly Froe
Chwracteristic & Non residual
Eesy then §
0.01534
P17 2-117.7
0.000426

0.8107

99.94
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EXTRA HAKRO BDETD C0., LID.

Product N~ Butyl Aicohol
(N-BUTANOL) (NoRiAL BUTAMAL)

Formula CH3GHCHCHyOH

Molecular walght 74.1

‘:21} Colar (APHA) ' : _ 5 max
EE Spedile Gravity {20%20°C) : 0.ai0 -~ 814
€1 Purty (% by welght)  £9.0mhn
&2 Distliation Tast ' LB.P. H1B.5°C min
B fPer 100mi of samplo DR 1165~ 1185C
G ( 760mmHg ) "
5] Samtin
& _ .. 11B.5°C max

Nonvaiaills Matier (grioom) 0.002 max

Watar Contants (% by weight) 040max

Froa Acid ' '

(% by weighl as ncetic acid) 0.002 max

P o

(% by welght &5 butyraldehyds) . 0.05 max |

Actd Valte (IKOH mig/g) , —
o) Baiiing Polm (°C, 760mmHg) 117.7
g Specific Gravity (20720°C) . 0.911
B4 Maltng Point (') -80.2
ccﬂ Hafr&cﬁve Index iN{Y) 1.:397;4
a Viscasity (eps, 20°C) 3.0
Ry Latent Heat of Vaporization
g {eal/g) - 1434
E Flash Point (°C, closed cup) a5
E: Exploaive miiure with air .

(% by volume} - 15~11.3

Ignition Polnt {°C) 340 ~ 420

Solubliity In water ’

(% by weight, 20°C) A

Specilic Heat (calg”C, 20°C) 0.69

a MITSIAN IMTERNVTIRINST, LH&U._L’J:‘D
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Dy %J w
Qmﬂﬂumuqﬂuﬂksﬁﬂ

%}I o A a o ) a dl % al/ 90J o a a A 1

ndumAma Ao naaAueLins@eNi ldainnszuaun snauinduRuineddasqaihenet
399 172 - 370 "C iubaanaazsesanisnqaszida tiealnedauazn ludldvunly
o g dndusmanatmineludsemAazutisaand 2 9ia Aa (1) High Speed Diesel
IMHNETLLATAN WA AEANHAYINIEITaUEINGT 1500 $0URWNT 1YW S0USINN T01ALANT UAY
s01lnew (2) Low Speed Diesel WMu1EdmiLATaasufsaudn toun BatRunsia wasn176an

IWANFuNAAa

A9 11 LLamﬂmauﬁaﬁ'ﬂﬂmaaﬁﬁﬁuﬁlfnaluﬂi:mﬂvlm

Test Item Spec. BangChak Typical Test
1.API Gravity @ 60(F - 37.0 -
2.Specific Gravity @15.6/15.6(C 0.81-0.87 0.8398 0.8358
3.Calculated Cetane Index Min 47 54.7 55.8
Or Cetane Number Min 47
4 Viscisity,Kinematic,@40(C,cSt. 1.8-4.1 3.391 3.463
5.Pour Point, (C Max 10 4 0
6.Sulphur Content, % wt. Max 0.05 0.03 0.03
7. Copper Strip Corrosion ( 8 hrs,@ 50°C) | Max No.1 - No.1
8.Micro Carbon Residue, % wt. Max 0.05 - 0.02
9.Water and Sediment, % vol. Max 0.05 0 0
10.Ash, % wt. Max 0.01 - 0.001
11.Flash Point, (P.M.) , (C Min 52 75.0 73.4
12.Distillation: ( Correct Temp.)
Initial Boiling Point, ( C 182.0 181.6
10 % Vol.Recovered, ( C 227.6 218.6
50 % Vol. Recovered, (C 287.7 286.5
90 % Vol.Recovered, (C Max 357 357.0 355.0
13.Color,ASTM Max 4.0 LO.5 LO.5
14.Lubricity by HFRR, (m Max 460 584 -
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Cetane No.

Cetane No. of Diesel+Butanol

57

AN

51

N
\
\
\,
\
\
\,
N\
49 <

47 A
45

43
41

2090

39

37
35

33
31 A
29

27
25

Deisel 100%

n-butanol 42%

n-butanol 100%

LAAIATANNIDUUINULTDALWAY
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Heating Value

1054.7x |+ 46922
N\

y=-

47,000

46,000 -

45,000

44,000
43,000 -
42,000

(B3/0>) anpea Buneay ssouo

41,000 -

40,000 -

39,000

%0v |oueing+ |8sald

%0¢ |oueling+ [9sald

%02 |oueing+ [9salq

%0T |ouelng+ [9sald

%0 |ouelng+ |9sald

Fuel
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NMANUIN 3

ARBUNERUANHIILAZANES

(> 4

ANRELNERIYAN L WASAED

X A o o 2
= WuAwse (m)



A/F
Area
B5
B10
B15
B20
B25
B30
B35
B40
B42
B45
1]BTH
Bsfc
Bsec
FP
FC

HHV

HHVa

[ % ]

R4 N AT LT NAITABNIA (KD KT uel)

a -dld 1 a
TN AR A UHANTIN U 10%
a dld a
TN AINHdUNaNTN L 15%
TANAINHAUHANTIN U 20%
TN AINH A LHaNTIN e 25%
TN AINH A UHANTIN U 30%

ITANAINHAIUHANTIN U 35%

FUNANLINUEA 42%

=2
o
=
)
Lo
=)
2D
D

ITANAIN N AV UUAN TN 45%

1/32ANBNNTIAINTALLLIFA

FRTINNTAUILADAUTDNRIRUNZLLTA (kg/KW.hr)

v
o a

fRT1IN1IAULABINAINUINNNZILTA (KJ/KW.hr)

%
o o I

NNANUITANGN (KW)

fRsINNTALILARTBINRA(Kg/s)

6 a

D

b

WURUAUENA19gNgY (cm)

o N

L%

a
UNHUALTA

AINgIrsain lunn luiimes (cm)
ANANFDUGITBNUNTULTRINRY (kJ/kg)

ANANNTAUGIVRILRANDTDR (kJ/kg)

UIAUAIDINAGALIAN (Kg/s)
¥
NIALBILTRNAIFBLIA(Kg/S)

NIRRNUaeLEUFRBLIIAT (kg/s)

ANL3ITRLIBNANDRIIALN (rpm)

AatLNadANEalLazANta (Aa)

ANAY (kPa)

UNUANLNANTB99 83 NI TITALTHNUBINA (Mmm)
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AP

BP
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ANNNULANFNNLRIANAY (Pa)
ANNALLIIENNA (kPa)

ANANULLTA (KW)

o/ a 3
fn71N17 WA BunsaeseniA (m'/s)
ANAINUB98NA (kJ/Kg-K)
ANHNONANNY

24NN (K)

waaim (N.m)

-
2
=~

)
°)

28987074 (K)

grunniaaslai@afioananiATaseus (K)

D

-
~
)
)
=2
[n0)
Lo
—
o
D
m
=)
£2¢
2D
o)
2
5
ap)
)
=3
©
2
2
N

a 901 dl ¥ ! aa o
@IMMQNT@QHWVIL%’]QV’W@@?NLlﬂ‘ﬂ?(K)
5 =~

oD
2

NNBIUNTULATEI(K)

oY

| [

grunRIasivaaifiunidngrTaseusi(K)
qnmgfiresimaaidufioananiAseaus(K)
HUUNRBINIAL AN (K)
AYNI3ITBIBINA (M/s)

dndauTanag

ANUIUTDLUDIATANIUFFIANITAA LOA 1 AT

ANINILLUUTBIBINA (kg/m)
widASUaLNeTie A lbs
wiapsuaulaganlas
wialalasansueu
wialuinsaudanlos
wA@fanTia

uiz lulngiay
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o A | a
JUAAULINA
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ANUNLNA

@muﬁ@giﬁ@fﬂﬁu

sedRnnsAnen
W.A. 2530
W.A. 2533
W.A. 2537
W.A. 2549

W.A. 2550
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1lszaRsianIas]

wnelnyae andntias

3 @A 2515

NUNANTANN

a7 248/2 1.8701519 87 0.ANANEIY WINSTINAAN

LUATINDINAT NPNN1 10310

AUBEINANHADLFU
ANTIBEUNEANYRINEIANT 2. WMNE1TATN

o ==&
QUEBINANEIAALL AN
AN TFHULALUATINENAE A UDLLAL

= o a a dl

AUATYUNAT (AAINTIINAIRRTTTUNH) FAINTINLATAING AN
AINNUIINYIREIUAULNL
AUITUTRAN® (UTUN959NANMNITUTR) A1IN9FATA
AINNUIINENAEITIN AL
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