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Butanol Based Gasoho!l as Fuel Mixture. Master thisis. M. Eng.
{Machanical Engineering). Bangkok: Graduate School, Srinakharinwirot
University. Advisor Committee: Dr.Pichai Assadamongkol,

Dr.Udomchai Chinadit.

This research was the study of the possibiiity to bring butanso! as fuel mixiure
for gasoline engine. In the test, gasoline engine with four cylinders and 4 strokes pf the
n;|0d9I Toyoté 2E was tested. The test was divided into 2 sections. The first was the
engine perfarmance test by using butanol mixed with gasoline 21. The butanol was
increased 5 % (percent) at a time. The testing was conducted with the throitle valus
opening at 50 % (percent). In this test , the engine wasn't modilied. The second was
the test of engine durability by using the mixture between gascline 91 and butanol at
the proportion of 90: 10.  Tihe engine testing was operated for 309 hours at the
speed of 1500 rpm without load. The sample of lubricating oil was ceilectes st the
period of 100 heours, 200 hours and 300 hours in order to be tesied t¢ ind out the
amount of metal in lubricating oil.

From the first section, it was found that using butano! mixed witn gasoiina 91
could be used with gasoline engine very well in the range of butanol mixtive at G-10%
without the engine modificaticn. In case of using butanol 10%, it was found thal engine
brake power, lorgue |, brake thermal efficiency and brake mean effective pressura were
lower than when fuelling with gasoline 91 at 3.18% , 2.18% , 3.27% anc 1.26%
respectively. Mere over |, the brake specific fuel consumption was alsc increased at
5.18%.

From the second section, it was found from the resulis of ihe luoe off analysis
that the amount of siticon, lead. iron, chromium, aluminum and copper were not ovar
the caution criterion that could be used.

The conclusion was that the mixture oi gasoline 91 and bulznol 10% waz s
way to increase the octane number value to 92.2% . The fue! was auitabie for the

engine that required gasoline 21,

Key words : Gasohol Butanol
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AIBUWNTU HWN“LLH&I‘HRH’H%@]“%JNF]W RON = 91 lLaza1 MON = 83 Q33U ATU



dumsilan wiasaaannmyiii (91 + 83)2 = 87 nisuanfwiedalas anees
waga L imuaaniiudmshdwisnwnseumnaoy melwdoudnasusnsdidasaan
1w e 4

waNEue aasaanmuusntsanding gmiminduudaladuniaiu
wuduriiarsruawyiniu 87 RON Milaldeuiuenonu w.e.2536 Sasnsiuriiy 0.15
nNIuARaT

]
-

9. 9aNUlW (Flash Point) Ao qmngum%mwﬁammma:'lﬂ“la wasfainWny
Fule s‘ﬁaqquﬁmaafrgcﬂfnu"LNmaaﬁwﬂuuﬁa‘[snﬁm:agﬁﬂizmm 0 — 45 I uTRTO R

10. 3a#@AW (Fire Point) ia qquﬁﬁr‘gaLwﬁommmaﬂﬁ*’laLLa:ﬁﬂ'lwvia'Lﬂ‘lﬁ
L84 q@@“‘iﬂ‘lﬂ'ﬂaufwﬁunﬁa{‘nﬁmzagﬁﬂszmru. 0 — 50 9ANANTUR

11. fanuiau (Heating Value) fia USunmanufaufidomaslindianns
' nsidanitamiamimgn Fearamarlela Gas calorimeter Wia Bomb Calorimeter
A& dranudouiineaasldain Calorimeter szifludnanuiauntige (High heating
value) dmiulumslFiudinasldmanufauwnas (Low Heating Value) 1ld lunns
fwmdmiudanie snduudalsin o1 Alflummesaumanuiawrendaniims
gyl 46,397 kikg , emuiaumagevesfiimuanazagfl 36,779 kg uaz i

ADUTBIBMUBANIIFIaALR 27,200 kl/kg

uaanades (Alcohlos) (uua3 nlsek. w.a. 2538 : )
LLaanaaaﬁﬂuL%aLwﬁa'laIQSﬂﬂ{uau'?iﬂ'oﬁﬁmmaman-‘maumﬁaayjaﬂﬁaua%
Twhsndu tﬂumsﬂs:nauﬁué’aﬁiﬂsaa%’mﬂuuuugnhiuﬂmﬂu 4 §1wan fa
1. wiauaanosaanialmuan (CH;OH)
2. efiauaanadsdanialanues (CoHsOH)
3. InRauaanagadwialwwiuaa (CsH,0H)
4. Drvaueanaaaavialiimuaa (C;HOH)

o « [ ¥ - ¥ o <1
ﬂs:fﬂ'ﬂﬁﬂaamsmuaanaaaamnlm%amaa uwumuuuﬁﬂﬁau

1. Fasaalgwinimeuaawnainulllanfoy

2. waanezesimanuiawurinminaodulags lkpumnivasame
ﬁtﬂéaaauﬁgmﬁ"]ﬁqmﬂqﬁé{w %aﬁﬂﬁmmﬁmuﬂwaammmm:ﬁqﬁm%mwﬁagr‘ﬁu

3. uaanasadlifmInsia uashuedy Judunstasaedymwifesuaiy
manmniuRsiuiowaden

4. uosnazadlfiiudandsléa § octane No. G8
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5. ﬁ’maﬂm‘smﬂqamiﬁ”f wasINIneINITITIN T AR 1T Ae
anufuduazldlsslomiage

Tadunsiiimuss (C,HOH) Asfisnanuienuandowds 36,779 kJ/kg
FIINNFINENINDR (C:HOH) AARAIRNUTONIaNTaINGY 27,200 kJ/kg unzdian uaa
faszanolwhihudomasldaudazaein1élaivin 10 % ( Perry Chemical Handbook )

NINAEDULAIDILG

lunyyfudss weznmssaaniassudntnlmaly suilndamasay nae
Yszms Lﬁ'aﬁ§aﬁn17aanunuua:nﬁai’mﬁwé’onuﬁﬁaaan AalIEniald BINEInR AU
AMANTR UM IiHea 9 'luﬂ"'unflﬁi'fsm.a:nwﬂ?uﬂ;a mqna’lummﬂaauﬁatﬁam
MdInaATaIIud mﬁagaé‘uq Alaimansomidlagiinssuan Budunsludoiay
Joy8 (Data) fizsfumIaanuuy mansosuunlzinmuasmmeaseyléiiu 3 dnwme
att

1. MMaFavUng n’ilun“u‘smnaw?aﬁ’agamaam‘%‘aqnuﬁﬁ’a 9 1) 1w e
and myEwdsafamds mifwdfaniiundain anumusnlumium s AuiE
Frmualduimiaaiiele misuaafiownassisioud myhnuveaeiainuding
wia Ly 1ludu maﬂ%ﬁﬁmmﬂaauLﬁaﬁuﬁuﬁagamaoﬁn‘ém

2. MIMaRIURBILUAIAY Tiezdaaiinimesay Lﬁagwaﬁmguuuﬂm
N1I9ONLUY n'mfmaa'u:,Luuifﬂ:@ﬂs:ﬁnﬁmwmnmnﬁ'uﬁgal.ﬂ%‘awuﬂ"lﬂﬂ

3. MInassuRpIATER waside Lﬂum'mrﬂaamﬁaméﬁmm'ﬂ’agaﬁ

gaUTUTaUIINING W]

s a A 9. sl
ﬂﬂﬂﬂizﬂﬂﬂnlﬂﬂq‘ﬂﬂﬂ wnIsnadau
& et | i ] o [ J
dmiuaiasusunalofuadnlyil
1. Maahiudiea
faIdLun
n Lk =]
Masynuta
X e X
ANVENLLUFDINTOINES
armaflglum i n g
L 1 13 J =
SRTIEIUNFYENAG BLTRLWES
UszAnSnwuauainstus

qmmgﬁmaqﬁ’mﬁmﬁu

© ® N O O s ow N

ANUSRLAza MDY adlafuss laae
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10. '-ﬁ'am:miqm:tﬁﬂ

@ mBuALAn (Indicated power} ; P; tiuwmaanufilaanasin Indus
' ' o s [ ;o B - v | = vo g
temaaruangy Suduszdnsgniiidnwiimandamisadouilusunislaa

o_ M 2

fMAaududiae =  Masuwuin + mMasnnuie
Pi = Pb + Ph- (21)

Undfdshdudiaamidnnununm P - v lagmslfiatasduen ndicator)
amwlsznay 2 lunydifilimunmniaisnuinimalelasassfaresmnlslanms
WS IuUInuassid KA IElara eIt (Engine losses) uatwingnuas
wHwMWLAIasTLan (Indicator diagram) aA17a%1 @ MAFuAeaRaTofuInle
TaomsiafufussurumndalfiniacioTamnui (ggﬂﬁ 2.1) lasmsuafiufiuas
LLHumwLﬁammmﬁmuﬁﬂﬁuﬁ A9 (Indicated mean effective pressure) ; imep wia P
mminﬁ'\‘lﬂu'nufh'lugml.ﬁ'ammﬁﬁé’aa'mﬁuﬁLﬂtﬂ ®) & Teomlumsdmmman
Anudwaindudne mansow ldaenaums

Fa = e
AUNTBILHUAIN P -V x  anuidavasale aeh)

ATAETIPDIUN W

A Y
= Muigauainun W P -V x annudinssnie (dnsf)

SIMTIUMAIINWUIN (P UazUTZENTAINNNNG (T meen) VOILATEILUGT
FIWIDMUIIN AN AN BLARLBUALAR

g v e ws a w )
PINUHUNIW PV Anfilfaurmfannuaiafogaeaaauimususun mEnun
2aduHUMWIINUNaTgaIasanFuRasa NuAmainIn iinf s dgfivivenis
AU NI IHAN NI TDIUR



-

[ v)!

s et —71- 1w

.7///////77///177/

A 4 > a
. Y L (]

LLL e L 2L L L L LLL s Ll

mMwdssnay 2 andguWuiwIauawminunuysnes

J#I ar FI. - .y o [-] Lol =) - b s J
NfnuauenadsiudiineruInduimfssuiudivne 1 G

wifinssindewigngy = P x A

Y o - . P o
J']u‘ﬂvlsﬂ@'lE]ﬂq'ﬂﬂaauﬁadanﬁu’ﬂﬂﬁu\j’ﬁqﬂfzﬂfﬂﬂ = P,xAxLxK

smitlddauwdi = P xAxLxKxN/n
P ALNK
p =  InfZAR (2.2)
60n
Faii IHP = L ALNK (2.3)
60 x 746n

- A © [
TunsdiaTasous 4 991z n = 2

a0 A o
lunsdieiodnud 2 3z n = 1
da P, = MAINududiae  w

Lo - - 2
P, = aNuauaudine ; N/m
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g 4 ar - X 4 2
A = Wuflraawagnay wia WLUNRAM P -V ;' m
= ANHNITITN KIS AWETINRAIN P -V : m
N = $IUIUTAVUDNAIBINUG ; RPM
IHP = mMasuhawdine (Indicated horse power) : hp
K = FIUINENJUY
L1} L1}

ANA9IILUIN (Brake power ; Pp) tﬂus‘hﬂsznauﬁﬁﬁé’mﬁqﬂ‘luammuwm
\ioinud fa Mdsfidiaanids g fuaemaTamisadniumanumiamdnumnm
umyiauwsn Wwhgiuwinmsialasldivinwialawlafiieas (Brakes or
Dynamometers) %atﬂmﬂ%"aaﬁaﬁgwﬁuﬁwﬁ’ammaﬂ’f wazmanInuaaInaeanilugy

Al (Torque)

i
Q
O

AMWUSEzNaU 3 1eSasiialausItiaaInanud
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TR IWIMIANTIIRTUIL A (Brake power)
PINFUNT NU = US9 x TTHENW

sunnmsvam 1 ssuvadlewnlafiieef = 27w

- ¥ YL
o w fa dwinfltdaadaaew N

2 Q@ STUZMIRYL 178U -m
we T = wr
%% M = 27T

ﬁﬁtﬂ?aauuﬁﬂgu N 81U

Mmdawt = 2WTN
270N @

P = — 4)

b 60
- & BHP 27N 2.5)
AITU = — 5

60x746
Mia T = usifle (Torque) woILATEIBUR ; N.m
= anUSTaLLAIaltue ; RPM
w o d o w ¥ w

r = Sadannfananvadlewluiieasiuiwminuaiu : m

w = sbhwsinndn Adae o N

BHP = a3l uIn (Brake horse power) ; hp

Py = HIRIWLITA W
PIDAIMIIAIINLLTN 16N

Pb - Pj - Pf, (26)

FMTLMIIFTA A MUINIARY (Brake mean effective pressure 38 bmep)
Waenn P, zmanioda lanntawluiimad sanuauauiusnazmlenn

P.nx60
bmep = 22— (2.7)
LANK
da L = s:n:‘ﬁnmaagngu - m
g &
A = Wwiiagngu m
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= audien  RPM
= {IWIURNFL
a4 9

= number of revoluticn per cycle

fa9uAITA (Friction power ; Py) ilwhfinnanuflaszniteudud
wasuilwidailidasms dmsenndgndas mstRumERanalai wiam
wsnanad saiulumsiasmssnuanutladiasnaruiissndiumyiamdeilely
lumstiaaantne Iuaausimsmdsuiudinanndudanailaesunsy uas
fdsunialaslfiosmialewlufimadauuendsasrhdnhmsasiise fds
mumm‘é‘lﬂ'lum'%"aauw’u’mmL%aga%a‘l;immml’ﬁ‘ﬁuﬁmmas"lmmtuns:uaﬂn MAINH
aaflam lsmanedtaai

1. F3uala (Morse testing) FiinanlFruieiasundmaauacuialoin
WAL §nﬁ§nﬁwﬂaauﬁ1‘l€1’[ﬂmﬁmﬂ‘%‘awwﬂﬁmwﬁwaumﬁﬁﬂfnm"’swﬁmﬁd
pdusediald mnﬁﬁugu’lmqwﬁaLLsT’m'am'%{aa pualdaNuIaudnaaduseia
1% wasnavasusstafiswlnihlUsunmmdnu msnuilene masnuamaila
maaguﬁﬁu luﬁmaatﬁmﬁuﬁﬁuquﬁu 9 da i wsnhiasuaTdannguanTn
fazlamdanuanuilanmuavannioiuud

2. 3Fiudapuaaa’ (Motoring Testing) ST aun v filiu
uaAad (Motor) URZLIMMBLIIABS (Generator) TnTuiSssoudf e wmsfaLeIas
(Warm-up) ualdnam MamanawmailEifarasuautlavansissnudnanios
ffuvasuaaa TN TaswImTInL A aaw Wi {Voltage) Qmﬁ'mm:ua
{Ampare)

3. Stdudimeailaazunu (indicator diagram testing) 38farmuntom
AnuduadBuaLAn {imep) iﬂﬂgﬂﬁ"’ﬂ@a:unm uszdhaudwadsduainaly
fwrnmnridsnududien () 1d mdsuaula (B,) Aeutranldannthainn
Budilaa (P) suMAINwLIN (Pp) AIRUNTT

P, = P - Py (2.8)

us:x fmep = imep — bmep (2.9)

g J’ - R
auAnaandainis (Fuel consumption ; m)
Py - Py a & e A v e o= & - .
anuFawddandaniy anliufeAtedlddniausoussaaunIapuauaas
: - - a o w - - 2 P
W30 IS B LR LA IR NI TN AATNA 1818 BN DA UAT AN T LE T NLTBINET
o Iz ﬁ:‘ :: - 2 o [ wr > ' 3’ a
Tl uunita mmamﬂﬁawname'lmgnmuuﬂ'lmﬂuasmmm:mwﬂ?mmmuu
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g o A . P ~ - Py a o .-
Wanwdinltludareniamile eanuRnl@angands sunnduwisldaninanms
' g

daluit

m, = mit (2.10)
_ gxcexkgx3,600
cexsx1,000g x hr

n;}— = 3B6xVix P/t (2.11)

24 b . I S L N
arwanRanTawdimuntadenl@dndaniiein anufulfaadainia
kg . . A A‘-r =) d' o a L a‘
FUWL (Specific fuel consumption ; sfc) FanyrefaFanansaiwdnldaainainun
3B usHaale mansoutiveaniaiilu 2 nid fa
n“ r.s J F ) o = = . .
1. auFwRansanaIuwzuaLne (Indicated specific fuel

consumption; isfc) aasndwInlAIINgAI

»

isfe = m /P (2.12)

a - & a . .
2. aMUFRLURAITOIWRITUWILILUTN (Brake specific fuel consumption ;

bsfc) EANINAMWIUIMNGNT

bsfc = m, /B (2.13)

mmﬁ‘mﬁumsmﬂ\aﬁ {Air for using combustion)

ameftlunne ndas insduvianas (Tube) Lﬂ’lgimzuamjum‘%awuﬁ
e 1ad ﬁﬁanam:ﬁqﬂm:ﬁi’ﬂﬂ‘%mmmmﬂﬁL‘%‘ﬂn’h mawlafiima’ (Quantometer)
Fadugunsatfirnsmlasedvemalnsanniznuludalingu ufufadygroms
sl fninila dlieansasmitinasfildaans 1 lonass

WamuowiBinassmaisiassud gt lelaomifasstiauiivialad
Aaudaniasous Usodmilisadneiosnud wasuapdndunilasondas=d
fanaadifle (Orifice) 17 PWAVDIBOTAAUATNIANIZA DM AUNLTWIRANINY VD
A3 BINE ﬁﬁ'ﬂau%:ﬁﬂ@i&amhﬁmaﬁmugﬁ? (U-tube manometer) iAadmiusue
amuuandazasn e lwnudiwefioulabh Yinasmsinasssaimeasansanile

4 ) AT
TInFuN1TLaud (Bernoulli's equation) fdsia it

O = CyaxAxV (2.14)
v = JAR-P)Ip, (2.15)

dnlszantlumsine (Coefficient of discharge)

e C,
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aaTIMITINGY3Y (Actual discharge)

aavImsinanmannui] (Theoritical discharge)
= Ce x Cy (2.16)
= 0.61 for sharp edged

. a 2 W v o ¥
P,-P, ATNUANANBAINTINAY (N/m ) una:aglugﬂmwgmaqmm

1

P, - P, hw X Pw X g /1,000 (2.17)

WFuMIA (2.17) unnasluaunsfl (2.15) udunulu 2.14) a2le

Q0 = C,A4)2gp,h, 1,000p, (2.18)

dhenuasuTsmasgluplanugerasdnlian (mm of Hg) musnidiou
] e O J
gum7 (2.18) Tmiildwai

-

Q

wax ma = C,APa [2h,RT,/13.6h,, (2.20)

I

C,A 2h, RT, /13.6h,, (2.19)
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N

m| A ll-l A \\ A
s - ) 7
Ve <l )/'_ .
1 n //‘
c. = 0.62 C, =08 C. =10
c, ~ 098 C, ~ 098 C, = 058
Cg = 0.61 Cy ~ 061 Cy ~ 058
r \ ol d | '
(n) Tenllevouny {(¥) fanliauhdnion {(n} doatlavounur {9) dondevoyun
0.95

0.90 N
0.85 \
Co.80 ~
"o 75 \[k |
. o
\ e DyD; = 0.70

T N L
0.70
L~
N i
0.65 \\ O 0.60
: N ~ —
~ T 0.50

Ay lwaanulLaIINIUIGBIMD
t C‘T § [ 4 ] B Y ae md
ANTEH IHAAUNLLATIINTUIALBINENIIATUITIVING

—

| R V pl
mmms‘r’udmguﬁnmoJ #
) 0
muluzeme. o, | = 0.02D,

T

=< 0.03D, LJJzth-= 003D,
Q =C,4,y2gh

h=Mz+ply)

mwilsznou 4 ssdauaznwnlslunawid
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a ] [ - - .
DATIAIWDINARDLTDINRY (Air — fuel ration ; A/F)
- - . a '3 & a & Y
mnm‘lmwaaL'naLwaa'lum:uangmaammauu.ﬂ a:augsmmuﬂﬂmagnu
s ' ' Y & a = v [N Y oo
Masunansane 1w szozam lumaen wl anwmcpandalwionts AmFULRT8NIU

g a y . oA a .
LHALWRY LazaaingIukaIn1analislng mmmmmm‘lﬁmngm

Vinmamatiidgnizuangu (kg/s)

A

Suousawdafilf (kgfs)

AF = maim, (2.21)
N

WRLARTEIUEBLNRIA 8RN (F/A)

FIA = m/m. = 1(AF) (2.22)

- a ' ' y - .
e AF = aamd@ImaImasaiBalngy (Air — fuel ratio)

~ ” I3
szansSannaaaosoua

1. Usz@n3AIwN19na (Mechanical efficiency ; Nmecn)

UseEnTamnInafiedainadintaimnasmusnigsaanta ndstue
[V a = o 4 a X o o e, Y - A a
AU UINALA AP Ta I UAHEATULA mmummmaanmum:ammwmmamga

O .s‘l‘ a o o o & (3 [ = ] o 1
mMIUIEnagaiwasEee uasiuItiasiTuavasnInuiannlaslsan mma;ﬂu
iwIsspudnisiWifiedagadaseimszinennuioukazmahnueziatana
v o o & a & € @ F IR BT = w
JalataanisspudasiRsduamuladiduduasanySaun Wldfouduwdiou azm
Tdnaunis
BHP

n = 2x100% = x100%

: IHP

¢

2. thzdnEinwnatRunes (Volumetric efficiency ; Nyy)
duzEndnmniatianes §a dandiwratinarasanmanithanlu
ATUANGUIaNATANIUATH 9 AU URneIngnguunu?l (Wanssvaameananng )

P v a 3
e meafiaaldiss (m7s)
Bunasameananged) (m'/s)

Mo (2.23)

v
2 x 100% (2.24)
V,

!
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m
= X 100%

pcl VJ
172
- e % 100% (2.25)
pa Vd
da v, = Uhnememafigaldai cmis
[ 2L
y,oo= D LINK ;msls
240n

number of revolution per cycle

3
1

1 (@WTU 2 Jamz) wie 2 ({mNIU 4 Fanne)

3. UnEninmwnienuiau (Thermal efficiency ; My) AN UARGELE
' - R A -~ A a e [ a & a “ ["
1 1eFanuanfa IMedlaNasunasnuaySan I Bawa I uwa 19
- - & L J w » { = ‘l' et -
Yrrdninmwasiusrlinuinedaspudianuaunin luwninddsuwassnuauion
uwdsnunaladumipaiinile Uszgninmwmaeannatawiuunlsd 2 7fia fa
3.1 Usz@nimwiTinnaiaududilae (Indicated thermal efficiency ;

M) IO IwIntdnauns

Tlith

[ P1(m, xHHV) ] x 100% (2.26)
100 / (isfc x HHV) (2.27)

3.2 Asaninwdaanuiawiusn (Brake thermal efficiency ; M)

RIUTIOAUITE LRINEUMS

Mew = [ 7 /(m, xHHV) [ x 100% (2.28)
WRZ Mun = 100 /(bsfc x HHY) (2.29)
o HHV = fhmwi'aumaﬁwam%amﬁq : kd/kg

J = ‘,’ Ld
m, Wnonawdafils ; kg/s

1]
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aanrinsinn (wal (Complete combustion equation for fuel or Stoichiometric
. LY dl a el 1 1 1 J - J
combustion) AUNTINILET IMTFINIIOATF WIS FIUTTN TN AL TaIWRIT
Mlunsmnlwdadrigndasle (Stoichiometric combustion) uazfenaninuan
1 » = L L g L J -3 & I
fmlsznaud 9 vesladnld sunmsinniidwdomds Tdun
1. qumimaa indbamusalofn 91 (CoHig)

CgHys + (12.5) (O, + 3.76N,) ——»8CO, + 9 H,0 + (12.5) (3.76) N,
12.5 x 4.76 x 28.97

114
1512 kQai/kQrel
2. @UMIMIETIRGTINRIUER (C4H100)

C4HqgO + 6 (O + 3.76Ny) —— 5 4CO, + 5 H,0 + (6) (3.76) N,
6 x4.76 x 28.97
74

11.18  KQai'kGtuel
3. aumimsenlwihdwdsladin 91 (CoHiy) waudimuas

i

ar 1 a4 A‘ -
AATIRIUITNAARLTALNGRY (AF)

M

aamgmannesaiitmuas (AF)

N

(CsH0) udameu 50:50 lamfFunes

(0.5) CgHig + (0.50) CgHyoO + 9.25 (Oy + 3.76 Ny) —»6 CO, + TH,0 + (9.25) (3.76)N,
9.25 x 4.76 x 28.97

(0.5 x 114) + (0.5 x 74)

13.57 KQui/KGruel

dia 28.97 wunwi ﬁwuﬁnTumqamaomma (kg/kmole)

H

[ ' ¢ -
DAMNFININNAADLTBBLNEY (A/F)

1]

NIANGAAIINIDU (Heat balance)
1 * J »w ) : ey 1 g A’ r-3 d‘ »
mimeanuiawiliunniassua lasdasmnaianuionsaaudoiwdefids
vt fuerafauiufomduwnuuasamaioufigyianonue dadowiu
+ J
gunTlanil
& a oA, L\ L3 AW v - L4 o - =t 14
dawAefidatllinind = nuildnnieTassud + anuiaufiggidamomue

g a ¢ v da 4 8ee L
i]']ﬂﬁlln'ﬁ"ﬁ'nﬁ"lM"I‘iﬂ')LﬂT’]:“ﬂ']'\NTﬁu’nlﬂﬂ‘ﬂu'lﬂﬂﬂu

1. enuanfigndily ¢ Q;f)
auaufiandlulvuned oanue %:ﬁ'lmm'lﬁl.ﬁajfhﬂ'nu%'amm:
wminuaagainas Tﬂuﬁnﬂ"lﬂﬂm”aumﬂmﬁ'uﬁ'mﬁ'nmam%’aLwﬁa Tunsdid Dwdonds
ua:ﬂ:ﬁmiﬁﬂmmmm‘wLm: (Specific gravity) paaBaindday dudlaidany
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drdumeldamiustainemy sdanasfesldiminuoadmnds lunsdifiduuda
ﬂ:ﬁaajqmvt{}ﬁua:mmﬁumm:qquﬁua:mwﬁuﬁnaﬁiamnﬂﬁuuuﬂm‘uaaﬂ‘imm
YOI ﬁ’oﬂv'u%:ﬁmLLﬂaaLﬁmmwmuﬁiﬂ.ﬁtﬂumLﬁ‘mmﬁm’mﬁuua:qmwgﬁﬂnﬁ
(NTP ; Normal temperature and pressure ﬁ’uﬁa ﬁqm‘nqﬁ 0°C WAZATINAYH 1.033
kglem’) Lmzafiajmm’nu'?ausiaﬁﬂmmmﬁm@ﬁﬁﬁwi'mﬂm'auwam%ramﬁaﬂmr'fu

J F-9 < L " b i 1] LY s 1 J
1BasvaataindifsstiddsSunaanudonisadll assunsdalui

0, = m X HHV (2.30)
d' oy L3 -dl -~ v; aa
e, = enwiauiiennmumnfifamds |k
. L = ; )
m, = dammimadanavendainds ; kgis
i @ A’ =
HHY = danuiawdam@ana ; kikg

2. anwFaufiudfoulihiluwmdsnwun( 0, ) wwdanuanudauh

wWamuilumasrnuwnamitlilfulapass mursonldsnauniy

g, = 2MTN/BO = P, (2.31)
- £
wiaQ, = =2 (2.32)
J
Wa T = wnliewnIasoud : kN.m
N = anuitoutaaaIndsud ; RPM
J = ﬁamm"r"imaaga

3. anufaufintlunuudaledes ( ©, ) midmaamBBnaanaauan

uwialalds sunsomlaanauns

0. = mC.(T-T) (2:33)
Wam, = deannisiwadaisuaslode ; kgss
C, = manuiaudwmnzvadlede ; kikg.K
= ) v P L3
o = ammpila@ndumeseniniaiaoud ; K
T, = aowmpliamafiduaiasoud ;K
win 0, = [(m+p,V)CT, |- m,C,1, ] (2.34)

LA - i a4 - -
YHURULO1 Specific heat ’ﬂa(ﬂataﬂ’lﬁﬂi:ﬂaﬂﬂ')ﬂﬁ’)a’ﬂa\’a’?nqﬂﬂl'ﬂquﬂ:
A a v Eoa g N a [V ) ) “ .~ v
UIRTBUTAWRITINNBR U N T Wo LG LN WU N sﬂﬂvlﬂgﬂ@]ﬂﬁuﬂtLﬂLﬁ E]llﬁﬂ')']u

AN lUMIMAanIalE specific heat Uadtaldaila iy Specific heat VasaInte
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“ & (%3 . v _~ . P
amumyinliandoadaiaidvalniol Exhaust calorimeter mtﬂuqﬂnmf
Al ladoanmplgeluyiiiAuaslusw Heat exchanger laslfihifiudsianu

@ 2] [ o a - a ve o
Jou Aomenuiauiignmluivuialafoldai

Q.e = [ 4‘]87];1”10 (T —'T;n) ]+[ (’;10'*')0; V‘j')CPTe ]_h[ ";a C!’Ta ] (235)

2113

\am,, = Sarmiinadniauasiidiu Calorimeter : kg/s
Ma = AATIMIIMAITINIRTBINI# ; kgls
T,.T, = sowpivashawduszamean ;K
T, = guwplvaslalFufaanatn Calorimeter ; K

* -

Ing = m; ;kals

4. amuiaufigydslumnivdaiiiu (Heat lost to cooling water; Q)
a : w o " ' | Y
mImuguamnlzaaTes pusssdaFoanuTanluaiunils Samlden

N8 aaﬁwa’aLﬁuﬂmﬁummmﬁam‘i’l LW’!:LLa:qmﬂqﬁmmﬁmdaLﬁuﬁLﬂﬁﬂuLLﬂm

AW IUFUNT LS
0. = mC,(T,.-T.) (2.36)
dam, = SarnmilwaBansvesnimsaiu ; kgs
c. = menufanduwizvanimiaiiu ; kikg.K
. = qmm‘]ﬁmaaﬁmanmnm"}awuﬁ K
T, = qmngﬁmmﬁ'}ﬁmmm‘%‘awuﬁ ;K

5. anadaufigandeliluduiu g (Heat lost to ancther ways ; Q, )
u v
wisruanufaufggideluludmdn 9 mldawsodwmmlagassld

waganIasuImmlagniada 111@7?]'1!'] qun3

Qu = Qf_ Q.&_Qe_Qw {237)
a4 Y P vd o
WMo, = snwdbuiisninniasn ndisandy

g, = srwiaufud@swmiuiissnuun

0. = snuouiignwliduuialads

0, = emuiaufgudnllinimdain
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Windpuantiummagauiuaissouaanslalod Adgniwwiaufiazls

Ly = [ 8t A’
NudIzNTL 70 ~ 80 % lagiidayamamaiindte q dassluil

MAYTINBU 5 LeTessuan IS lumIinasay
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winsilataanuaunlissvinduaoinge (Fuel consumption gauge)
mMTiaanuawaominTudandeneiosus aunsowldnnunes
ihaudawaadilddanilaminnae wiasdatennumudisnihmdawd il dluns
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(Testing performance of gasoline engine)
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(Testing performance of gasoline engine)
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(Testing performance of gasoline engine)
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(Testing performance of gasoline engine)
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(Testing performance of gasoline engine)
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(Testing performance of gasoline engine)
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(Heat balance of gasoline engine)

Heat equivalent to brake power

Qp = 22.44%

Heat lost to cooling water

> Qw =28.11%

Heat supplied
Qf = 100%

Heat carried away by exhaust

gases Q. = 2520%

r

Heat lost in another ways

Qa = 24.45%
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{Heat balance of gasoline engine)

Heat equivalent to brake power

Qp = 23.14%

Heat iost to cooling water

Ow = 23.8%

Heat supplied
sz 100%

Heat carried away by exhaust

» gases (). = 24.34%

Heat lost in ancther ways

Qs = 28.81%
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(Heat balance of gasoline engine)

Heat equivalent to brake power

Qp = 22.96%

Heat lost to ceoling water

> Qw = 23.73%

Heat supplied
Qf = 100%

Heat carried away by exhaust

A

gases Q. = 24.83%

Heat lost in another ways

Qn = 28.48%
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(Heat balance of gasoline engine)

Heat equivalent to brake power

QOp= 2272%

Heat lost to cooling water

> Qw = 24.00%

Heat supplied
Qr = 100%

Heat carried away by exhaust

gases (. = 26.59%

h 4

Heat lost in another ways

O, = 26.69%
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(Heat balance of gasoline engine)

Heat equivalent to brake power

Qp = 21.47%

Heat lost to cooling water

Ow = 23.39%

Heat supplied
Qr= 100%

Heat carried away by exbhaust

gases Q. = 26.91%

Heat lost in another ways

Q, = 28.20%
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{Heat balance of gasoline engine)

Heat equivalent to brake power

Op = 19.96%

Heat lost to cooling water

Qw = 23.87%

Heat supplied
Qf = 100%

Heat carried away by exhaust

gases (., = 26.12%

r

Heat lost in another ways

Q, = 30.05%
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{Heat balance of gasoline engine)

> Heat equivalent to brake power

QOp = 16.34%

Heat lost to cooling water

> Qw = 23.71%

Heat supplied
Qf = 100%

Heat carried away by exhaust

gases (Jo = 23.42%

Heat lost in another ways

> (Ja = 36.55%
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Hamuan | kW a4 kg/Kw.br | gaga k/hr 8N
% N.m % bar
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ASTM D 5185lasanniwisuuazimalulad msillandouuiatszinglne @an) s
mensiuacludussmsmiiwnsiusaslumensin 1 lwmsiensiadaioie
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Parts of engine Metal type
Cylinder Liner Fe

Piston Al, Si, Fe, Cu
Piston Ring Cr, Fe, Si

Cil Ring Filler Al

Crank Shaft Fe, Cr, Si
Cam Shaft Fe, Si

Bearing Cu, Pb
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PTT Research and Technology institute

PTT Pubfic Company Limited

87

Fuels & Lubricants Research Depanment

71 Moo 2 Prahenyothin Rd . Wangro: Ayuimaya 13170 Tel - 0-2537-3000 Ext 2311 3230 Fax. ¢

CERTIFICATE OF ANALYSIS

Certificate Number cFLA-FOEZ4T
Referance Number C58-70:47
Sampie 1D FA-124/47

Customer Name

Tronveniaa: Jussmifvsmile

Page
Sampling Date

Sample Received Date

Sample Condition

- Q303747
. Good
COBT1RMT

CEUP AL

Sample Name » Gaspline 81 100% Analysis Date
Sampla Source B Operator's Name
ltem Property. Unit Test Method Resuit
1 53r0ss heating value, Jig ASTM D240 48397
2 vapor pressure @@ 37.8 °C. kPa ASTM D5191 57 4
3 Oistiflaton ASTM D86
1BP.'C a7
10% evaperated, G 34
20% evaporated, °C Ly &
30% evaporated, °C 85.7
40% evaporated, °C 734
50% evaporaled, °C 837
60% evaporated, “C 96.¢
70% evaporated, C 1300
80% evaporated, 127 T
80% evaporated. 'C 1556
FBP.C 180 6
Remarks : SR
Reported By @ 5T Approved By f,t, {_;,-,;j . < fw ' { .

Date of Issue

Specialist

2 March 2004

(Kr. Pichit Pripgnzpongs:

This centificate of analysis is referred o Qriy submitted samplelsh. 1T s your responsibiity 10 usé heren rageits

n any purposes. This certificate shall not oe reproduced, except in full, and herein rasults shali rot be wsegs kr

acvertsing or pubhc redation withoul the witen spproval of the Specialist or Department Marage:
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PTT Research and Technology Institute

PTT Public Company Limited

80

Fuels & Lubricants Research Department

71 Moo 2 Prahoryothin Ro., Wangnoi, Ayulthaya 13170 Tet. : 0-2537-300C Ext. 2441, 3230 Fax - 0-2537- 2000 Ext 2226

CERTIFICATE OF ANALYSIS

Certificate Number TFLA-FOBOAT Page it
Reference Number | 126:47 Sampling Date -
Sample 10 TFA-122147 Sample Received Date  : (3/0347
Customer Name - Inonvaniray Tupomisaniio Sample Condition : Good
Sample Name : nButano! 10% + Gasgline 80% Analysis Date 1 0B-11.0%47
Sample Source De Operator's Name CSUP. M
tem Property. Unit Test Method Resuit
1, Gross heating vaiue, J/g ASTM D240 45,521
2 vapor pressure @ 37.8 °C, kPa ASTM D5191 536
3 Distiltation ASTM DEB
18P, °C 77
10% evaporated, °C 56.5
20% evaporated. °C £24
2% evaporated, °C 69.8
40% evaporated. ‘C 78.0
50% evaporated, °C 87.4
50% evaporated, "C 96.5
70% evaporaled, 'C 1046
B0% evaporated, 'C 118.1
90% evaporated, °C 154.2
FBP."C 190.4
Remats. Dk
Reported By . ST Approved By ot f’
{Mr_Pichit Pripanapongs}
Specialist
Dale of Issue ! 12 March 2004

This certificate of anatysis is referred to gnly submitted sampledsi 1t s your responsibitity 1o use heren results

@ any purposes. Tris cerificale shall not be reproduced, ex¢eptin full, and herein results shiali not be used for

acvertising ¢f pubb retaton withoul the wrilten approval of the Speciaiist or Department Manager



PTT Research and Technology institute
PTT Public Company Limited

91

Fuels & Lubricants Research Dapariment

71 Moo 2 Pnahcnyothin Rd., Wangnoi, Ayutthaya 13170 Tel. : 0-2537-3000 Ext. 2411, 3230 Fax.* 0-2537-3000 Ext. 2236

CERTIFICATE OF ANALYSIS

Certificate Number D FLA-FOBVATY Page BB
Referance Number B8-70ia7 Sampling Dale
Sample 1D cFA-123:47 Sample Received Date (30047
Customer Name :Tnenynniant fussrfivunile Sample Condition - Good
Sample MName ¢ n-Butanol 20% + Gasaline 80% Analysis Date (8- 110347
Sample Source Operator's Name S SUP, MY
ftem Property, Unit Test Method Result
1 Gross heating valua, Jig ASTM D240 44,400
z Vapor pressure @ 37.8 °C. kPa ASTM D3191 518
3 Distillation ASTM DBS
18P, °C Jjog
)% evaporated, 'C 588
20% evaporated. T 852
30% evaporated. 'C 7.7
20% evaporated, °C 84.0
£0% evaporated, ‘C 937
60% evaporated, “C : 1031
70% evaporated, °C 100.1
B0% evaporated. °C 114.4
90% evaporated. C 130.0
FBP."C 192.2
Remarks
Reported By @ ST Approved By : /L _,_,vf.zocLL

Date of lssue :

Specialist

{Mr. Pichit Prpanaporgs

12 March 2004

This zertifcate aof analysis is referred to pnjy submilted sarrple{s}. H s your responsibilty 1o use hergn resyits

i any purposes. This cerificate shall nat be reproduced, exceptin full, and herem resulls shall net te used for

advertising or public relation without the written approvat of the Specialst or Depanment Manager

FR-Hagy - 10007

Reviziand 1111
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PTT Research and Techroiogy [nstitute
PYT Public Company Limited Fuels & Lubricants Research Department

71 Mo 2 Prahoryothin Rt Wangnod, Ayuriava 13170 Teb | 0-2537.2000 Ext. 2411, 3230 #ax.: §-2557-3000 Ext 2236

CERTIFICATE OF ANALYSIS

Cartificate Numbar FLAFOS9:47 Page
Raference Number 6870y Sampling Date
Sample 1D CFA- 1947 Sample Received Date | 030547
Customer Name Inpreamea: Tussndisania Sampla Condition - Geod
Sample Name o n-Butanol 100% Analysis Date L O6- 110347
Sample Source o - Operator's Name TSUR M

Itam Property, Unit Test Method Result

1 Gross heating vaie, JIg ASTM D240 3B.779

Remarks : e l/é i
Lo Fr
Reported By © 57 Approved By : { _/u’sz -

Mr. Pichit Pripanapongs}
Speuialist

Data of Issue 12 March 2004

Trus certficate of analysis s referad 1o oniy subritted sample(s). 1115 your respansibitity 1o use herein resuls
i any purposes  This centificate shali nol be reproduted, except in i, and herein resuite shail not ne used ior

advertising ur public relabun wihoul the watten approval of the Speciahst or Department anager

FR-elmey - 1000 1/1; Riwpgion 3 W 117
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PTT Pubtic Company Limited
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fuals & Lubricants Research Department

71 Mo 2 Prahonyvetne R Wangro, Ayutinaya 13170 Ted 0.2537-30006 Ext 2437 3208 Fax 0-2353 T00 L 320

CERTIFICATE OF ANALYSIS

Certificate Number  © FLAL123:47 Page i
Reference Number 27747 Sampling Date
Sample i CLA-BHAT Sample Received Date 2VRAT
Customer Name - aewtameluladioms s Srpamonessdussn@eanie  Sample Condition Good
Sample Name © 10 Hours Analysis Date 210647
Sample Source QOperator's Name ST
tem Property, Unit Tesl Method Result
i Wear Metais Conten!t, wi ppm. ASTM D 5185

Sdicon 132.¢

Lead 473

iron 3078

Chremium 528

Aluminigm B7e

Copper 578
Remarks ’9 . ,)
Reported By © 57 Approved By f /,;e/[/uf /.

Date of Issue

{Mr Pichit Prpanapongs;

Speciatist

24 lune 2G04

Ttus contificate of anaiyss i reterred 10 galy submitted sampte{s). itis your respensinlilly 10 use herewn resufts

svany purposes T corifboate shall not be reprodused, except in full, and heremn resuits shali not be used tor

ACVEMISING Or pUBLE reiahon wathoul the wrtten approval of the Specialist or Depanment Manager
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Fuels & Lubricants Research Department

1Moo 2 Prancoyotisn Ra. wangno: Ayatihava 13170 Tel. O-2837-3000 Ext. 2411, 3208 Fax. 0-2537- 2000 £xr. 2010

CERTIFICATE OF ANALYSIS

Cortificate Mumber CFLALIZAWT

Reference Number 27847

Sample 1D

Customer Name

wsawd Toragness it s nnuis

Page

Samphng Date

Sample Received Date 210847

Sampie Condition s Good

Sample  Name ;D00 Hours Analysis Date 21054
Sampie Source Operator's Name &7
ltem Property, Unit Test Method Result
1 ;tarn&aés Contert, wt.ppm. ASTM D 5185
Sihicon 1284
Laad 410
bren 2233
Crro 491
Almnem 548
Copmner 6.47
Remarks

Reported By : ST

Approved By - g,(/{b‘—{/ ]J

Date of Issue

thar. Pictil Pripanapongs?

Specialist

24 June 2004

This cervficate of anatyss 5 referrad fo only Submitted samplels). Itis YOUF resROnsituhily 10 use haren resuls

Y aNY Larpnnes Ths centhoae s

SEEMEMG O

Foro: FALRD-0G3

sy

it e reproduced. excepl in ful, and beresn results shad not be uned for

snitten apeeval of the Specialist or Goponmant Mangger

Ravision - 153047



PTT Research and Technology institute

PTT Public Company Limited

Fuels & Lubricanis Research Department

1Moo 2 Phatonysthin Rd. Wangroi, Avulthaya 13170 Tt 025373000 Bxt, 2411, 3208 Fax 028373000 Bt 3270

Certificate Number
Reference Number
Sample D

Customer Name

M 14

Lieol

CERTIFICATE OF ANALYSIS

: FLA-LT2547
T 2TOI8T

o LAE647

e

Page S
Sampling Date

Sample Received Date 240847

rwlulameona e wern wer husenduavte . Sample Condition - Goond

Sample  Name 306 Hours Analysis Date DY
Sample Source Operator's Name C ST
tem Property, Unit Test Method Resul!
1 | Wear Matals Conten!. wi.ppm. ASTM D 5185 ]
: Silicon 144 7
Lead 426
iron 3280
Chromium £.55
Aluminium 6.64
Copper 72
Remarks

Reported By - ST

Trus corhfoats of analysis s referred o grly subotted saennieis)

Agproved By ?BV@ZM/C f}

{Mr Pichit Pripanapongs;
Speciahs

Date of lssue 24 Jura 2084

0 your responslilty 10 use heroe resuls

wany purposes This certficate skall not e reproduned, sxcepl o il and herein resLis skall nol ba ysed s

adverhsing or public refation without the witton approve: of the Soecialst or Depariment Marager
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Fammeday : maanulnuazaadialw (Flash point and fire point)
uazmisnagaUIswmAnudianuiula
waIMAR L C MAITIAMINTTLATaINR  @oniwnalulainsuns

Inguvamaasinsamapaiiia uaIIITANN

Fondannen C 1. whAwlodu 91
2. fmuea

anmniva . 28°C

Fuidow/T finadoy 13 fueneu 2547

H1AL ﬁumiﬂmfmﬁﬁ ;AU HAMITNARE

. wudaladu o1
a’m’m'lw - °C 10
Qﬂﬁﬂ‘lﬂ . °C 10

2. DINUORA
fgmm‘lw - °C 40
qﬂﬂﬂ‘lw e 41 N

VaMg : lawzdadefimasauiiuy

d1au TINTIRMENTE ;. nuw NAMINARE
1. daunAsloran 91

manlt s 47
2. Iamuaa

VAT ;s 59

wagme - minasauSoufsusenedulaialasdvoatiuiadusivivie 50 cc
"lmamuﬂaﬂawamaamuﬁfﬂLﬂ(ﬂmmmﬁumuguﬁnma 1 mm

@WIZAI8EINNFRI LYW
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' o <
ﬁ'ﬁl FHTIMTIATHIRFN TTOUNSHSINNATDY ﬂ%ﬁ’

FIMNTRUUNNEAMIagauNaas @I 100 ; 0

# 1400 RPM azlel

T = 64 Nm. , . = 50 LPM

T = 4524 s v, = 227 m it
Taim = 35 °C ., P = 0.7 g [fcc
Tuwi = 48 °C , HHV = 46397 k//lke
Twwe = 49 °C . Vi = 60 cc.

Te = 520 °C

MIATUIHNIAIIINRLILIA (P,)

P, = 2xTN/EO
= 27 x 64 Nm. x 1400 O x4 LoD kN .
min 60s 1,000ON .m.
= 938 kw
Aanadnildoaisinizoings (m, )
* Vixp 60cc.x0.7¢g/ec.
m, = - =
t 45245
= 093 g/s
via m, = 093 & x 3600s -, _lkg
5 thr 1,000 g
= 335 kgls

v - ¢ & <
ﬂ"l‘iﬂﬂﬂﬂﬂ']'l&l?ﬂu‘ﬂ ﬂdlﬂiﬂdﬂﬂﬂllﬂﬂfﬁa“

RS

anufaunantll (Q,)

O, = m, x HHV
. J
O, = 093 & x 46397 =
s g
= 43,4921 J /s
= 4315 kJ /s

0, P, = 43.15 kw

99



anuianiiddsmdudanuiusn

O, = Py
9.38 kJ /s

v d & o ¥ ¢ oa
ﬂ?ﬂ&l‘sauﬂqtylﬁﬂﬂﬂuu’maElLLI'H.

Qw = mu- pr (TWO - Twi)
el n;w = Ir:w X 0w
. 3
= 50 hr.e 1000 cm
min llite
3 3
- so000 M . 1:000kg tm”_
min 1m- 10°¢cm
= 50 _ki 1min
min 60s
= 0.833 kg/s

100

(ﬂi:ttﬁﬁ:. W.7.2541 :)Specific heats of common solid and liquids, (a) At 25 °C

Cow = 4184 kJ / kg K
o ¥ . k
fuiu O = 0833 & x 4184

s kg K
= 1046 kJ /s

anuTaufiganeluiyleide

0, = [(m,+ma) CyTg] - [maCyT,]
W1 m. INFNMT PV = mRT

wasnilusmeananuauusssima Usssis . we 2541 :)

P = 1013 WN/m
c, = 1005 ki/kg.K
R = 0287 kikg K

wasTIna T Ouinnas e

= ¥V, = 2227m /hr = 0.38m’s
= T, = Tam = 35°C =
T, = 5200 = 793 K

x {273 +49) — (273 + 46)] X

308K
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" PV
Unual m, —
RT

101 .3kN fm* x22.27m" [ hr
0.287kJ / kg K x 308K
= 2601 kglhr
= 0.00723 kg!s

x 793 KJ -

k
(000723 + 0.0093) £ x 1005
s kg K

1l

UNUAn Q.

[0.00723 k_g x 1.005
$ kg K
6.5032 - 2.238 kJ /s

42652 kS /s

x 308 K)

I

il

mmi’auﬁgtyﬁﬂ'lﬂluﬁmﬁu 9
Qa = Qf - Qh - Qw - Qc
4315 - 938 - 1046 - 4.2652 kJ / s

1945 kJ I s

) ¢ 8 [ P
ﬂ'l'ﬂ‘l"lﬁ'llﬂa‘il‘ﬁ“mﬂqquiﬂ“nam"laﬂ

wladidudanuiauiilfowmiumdinuuin (Q,)

0, = Q” x 100%
O

938

43.15

21.74 %

*x 100%

wedidudanuiauigadeliimimdaiin (0, )
.
O, = o x 100%
O
10.46

= x 100%
4315

= 2424%
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waiidudanuiauigaioluivlads Q)

Ql‘ = _Q:L x 1 00 %

Q,
_ 42652
43.15

= 9.87%

wadidudanuiauigydalludugu 9 (Q,)

0, = Q x 100%
2
- BA, 100%
43.15
= 44.15%

] Y =1 3" s o
MsanImiIANaRI oSNNI (bsfc)

My _ 3.35kg/hr
P, 9.38kw

0.357 kg/kwhr

1l

bsfc

° - = ko
mMsmuwriidssansnimdaanusawusn (N,,)

_ 100%
Mo = —a% _
bsfe x HHV
_ 100% 3600s
0.357 (kg /hw hr)x 46 397(kJ Tkg)  lhr
= 2155%

NTAIMNIZATIF IR TMAADUINWLTDINEI (A [ F)

mu .
ATF) = — _ (0.00723 x 3600 )kg / hr
m 3.354g /Ar
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o Qo J
MTATWIBRIAMUAURIBANIUTN (bmep)
P ax60
LANK

bmep =

Nnfayavanaiasnd Toyota 2 E

L = 774 mm. = 00774 m.
D = 3 mm. = 0073 m.
N = 1400 RPM
K = 4
n = 2
qnie A = 5&2—@; - 0.00419 m
. 938kwx?2 605
WU bmep = 3 ; x :
0.077mx0.00419m" x1400rev/ minx 4 1 min
= 1030 kN;
m
= 103 x 103 N . 1bar

m? 10°N /m?
= 6.20 bar
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DHALATAINAFAIVANTTOUTHDILATIEUR

@7 17 uazifnewas EDDY CURRENT TEST RED

U Noaziing

Mode! ECETB 250

Max power 250 kw

Max Speed 6000 rpm

Cooling system Water (Cooling Tower)
Torque Measuring Load Cell

Engine Speed Speed Sensors

ERLGH

Dun - gila A3 DINAADUANTIONEIATEIINA (MANUAL TEST ENGINE)

ONE

ECETS 250 FROUDE AG 250 EDDY CURRENT TEST RED 250 kW

ABSORBING, INCLUDING BASE PLATE, CALIBRATION ARM, AMPLIFIER,
SPEED SENSER & LOW WATER WARNING, MANAUL CONTROLLER
PROVIDING DIGITAL DISPLAYS OF SPEED & TORQUE, DEMAND UNIT &
CONTROL MOCDE SELECTOR

ONE

SLIM 2000/ETB ENGINE TEST RED SERIAL LINK INTERFACE MODULE
(DCETB & ECTEB), DIGITAL DISPLAY & LOGGING TO PC OF TORQUE,
SPEED, AIR (TE 400L), TEMPERATURE, IBM PC COMPATIBLE NOT
INCLUDED, IBM PC REQUIRED FOR MANUAL OPERATION

ONE

SLIM 2000/AUX AUXILIARY SERIAL LINK INTERFACE MODULE (DCETB &
ECTEB), ADDITIONAL UNIT FOR USE WITH SLIM 2000/ETB TO PROVIDE
EIGHT FURTHER 4 - 20 Ma TRANSMITTER ANALOGUE INPUT

ONE

COMPEND 2000 CONTROL & DATA ACQUISITION SOFTWARE
CONFIGURED FOR USE WITH DBETB OR ECETB, PROVING CONTROL
OF DYNAMOMETER SET POINT & ENGINE SET POIN (WITH TASC/H)

ONE

TASC/H HIGH TROTLE ACTUATOR & SERVO CONTROLLER FOR DIESEL
& PETROL ENGINE
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ONE

ENGINE 4 / 4PT ENGINE — WATER COOLED UNDER 70 Kw WITH
CYLINDER PRESSRE TAPPING

COMPLETE WITH ENGINE MOUNTINE REAME, DRIVE SHAFT, SHAFT
GUARDS, COOLER FORD XLD 418 1800 cc DIESED ENGINE

ONE [ ENGINE 4 /5 PT ENGINE RATER COOLED UNDER 100 Kw WITH
CYLINDER PRESSURE TAPPING
COMPLETE WITH ENGINE MOUNTING FRAME, DRIVE SHAFT, SHAFT
GUARDS, EXHAUST WATER INLET, & OUTLET THERMOCOPLE, IGNITION
ON / OFF COOLER FORD XLD 418 1800 cc PETROL ENGINE

ONE | RE 2000 EXHAUST GAS ANALYSER (INCLUDING CALIBRATION GASES)
HC : 0-400 ppm +/-12 ppm of reading
CO : 0-2% +/-0.06%+ +/-3% of reading
CO, : 0-16% +/-0.6%.16%+ +/-0.5% of reading
O  © 0-10% +/-0.5%,10%+ +/-0.6% of reading
Lambda : 0.5 - 2.0 resolution

ONE | EIS 1000/1 ENGINE CYCLEANALYSER HIGH SPEED DATA ACQUISITION
SYSTEM % ENGINE CYCLEANNLYSER
BASE UNIT INCLUDING ENCODER, EXCLUDING TRANSDUCERS &
AMPLIFIERS

ONE | EIS 1000/CA CHAEGE AMPLIFIER
FOR USE EIS 1000/1

ONE | EIS 1000/1 CYLONDER PRESSURE TRANSDUCERS 0 - 200 BAR
CYLINDER BLOCK MOUNTINE FOR PETROL OR DIESEL ENGINE

ONE | EIS 1000/6 DIESEL FUEL INJECTOR NEEDLE LIFT TRANSDUCERS &

AMPLIFIER

EIS 1000

ITEM
1. ONE - High Speed Data Acquisition & Engine Indicator
System comprising

HSD Card VDU and Alphanumeric Keypad

M

ONE - Hand Held Tracker Ball
ONE - Charge Amplifier (fitted in cabinet if ordered)

w




ONE
ONE
ONE
ONE
ONE

& N o o »

9. ONE
10. ONE

EIS 1000/ CA
ONE
ONE

EIS 1000/ CA
1. ONE
2. ONE
3. ONE

106

BNC termination Plugs (fitted to input sockets)
Mains Cable

- BNC — BNC CO - axial Cable (one per channel)

360 FPulse / rev Encoder and Cable

Box of accessories for computer comprising : Keys
Screws, PCB Clamps, VGA Software, Function Keys Software
Copy of Dos v6.22 (Software)

Copy of QPRO V5.5 (Software)

Charge Amplifier (fitted in cabinet)
BNC - BNC Co - axial Cable

CYLINDER PRESSURE (BLOCK)
Transducer Type 6123A1
Cable No 1A — Type 6123C1 x 1M
Cable No 2 - Type 6123b 10 x 10M

ONE

TE 12/4 AUTOMATIC VOLUMETRIC FUEL GUAGE 200/400/800cc

HIGH LEVEL EXHAUST EXTRACTION DUCTING

TE 12/4 AUTOMATIC VOLUMETRIC FUEL GUAGE 200/400/800cc
COMPLETE WITH :

ITEM

EIGHT
EIGHT

TWO
SiX

o A LN o

- Compression Nuts 10mm

- Compression Nipples 10mm
FIFTEEN Mtrs - Nylon pipe 10mm

- Set operating Instruction

- Rawplugs
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ONE

FET FUEL HEADER TANK 27 LITRE CAPACITY WITH MANUAL BALL
VALVE WALL MOUNTING COMPLETE WITH FIXING LOCATION FOR
FUEL GUAGE

ONE

FET FUEL HEADER TANK 54 LITRE CAPACITY WITH MANUAL BALL
VALVE WALL MOUNTING COMPLETE WITH FIXING LOCATION FOR
FUEL GUAGE

ONE

TE 40DL AIR CONSUMPTION METER WITH ONE ORFICE PLATE TO
BS, TRANSDUCER & AMPLIFIER FOR ENGINE CAPACITIES 40 - 100
kW & 100 - 250 kW

ONE

TE 95 ENGINE COOLING WATER SYSTEM WITH PUMP,
ROTAMETER, THERMOCOPLE & REGULATING VAVLE CAPACITIES
FOR ENGINE IN RANGE 40 - 100 kW & 100 - 250 kW

water

Tube

TE 95

Pump,

TE 40
ONE - AIR CONSUMPTION METER complete with :
ITEM
1. ONE - Air box
2. TWO - Orifice (1 off 60mm & 1 off 110mm) with gaskets, Screw and

3. ONE - Orifice Guard
4. ONE - Stand

5. ONE - Manometer and Fixing Screw, Fluid Funnel and Connecting

6. ONE - Length Flexflyte Hose
7. TWO - Clips size 70 — 90mm

g

Sets Operating Instructions

ONE

Flow meter and Thermostat Housing all Mounted on Fabricated Frame

ENGINE COOLING WATER SYSTEM comprising : Tank,

Complete with




108

ITEM
1. FOUR - Ciip - Size 1 A
2. TWO - Sets Operating Instructions
3. TWO - Thermocouples (fitted to Engine)
4. TWO - Lengths Horse 36mm x 25mm bore

@179 18 Tuazliparay AIR COSUMPTION

METERING UNIT

TIENNT WHLDY
Model TE 40DL/8795
Flow Meter Orifice Plate 60mm & 110mm
Translator Transducer & Ampiifier

Engine Capacities

40 - 100kW & 100 — 500kW

a179 19 Tuasidpevuad FUEL METERING UNIT
MUMs NYazdua
Medel TE 12/8794
Flow Meter Double Tanks {Barrel) with Solencid

Fuel Capacities

Valve

200 ml (Single 50 %)
400 ml (Single 100 %}
400 ml (Double 50 %)
800 ml (Double 100 %)
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