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# # 4970448021  : MAJOR MECHANICAL ENGINEERING
KEY WORD: CRUDE PALM OIL / PALM OLEIN / PERFORMANCE / DURABILITY / OIL ANALYSIS

PONGPAT PHUKANUD: A COMPARATIVE STUDY OF THE EFFECTS OF
FUELING CRUDE PALM OIL AND PALM OLEIN ON A SMALL ENGINE. THESIS
PRINCIPAL ADVISOR : ASSC. PROF. KANIT WATTANAVICHIEN, Ph.D., 399 pp.

The cbjectives of the studywere comparing the engine performance, smoke emission, and engine
durability when fueling with Crude Palm Qi (CPO) and Palm Olein on a small CI engine. Moreover, the sludy aiso
monitored the changing of the lubricating ofl conditions, contamination and metal wear conditions during the engine
durability test. CPO in this study was heated to be 4525 °C.

The study was divided inlo two parts. The first pan was comparing the engine performance, and smoke
emission among using CPO, using Palm Olein, and using diesel. The parformance study had found that the maximum
torque of the engine using CPO.@nd using Paim Olain were not significantly different from the maximum torque of
engine using diesel while the specific fue! consumplion, the exhaust temperature, and the smoke density of the
engines using either CPO or Palm Qlein were higher than diesel and not different to each other.

The second part, to compare the effects on Jong term usage using a model of working cycle, was engine
durability testing, of 320 working hours, between the engine fueling with CPO and the engine fueling with Paim Olein.
The study had found that more working hours made ﬂﬂﬁ.dﬂ.}ppﬁng of engine performance of the engine fueling with
these three types of fuel. After the durability test, the performance of the engine fueling with diesel was slightly drop
while the pedormance of the tested engine fueling with CPO was drop from new engine by 10% 1o 20%. The
performance of the tesled engine fueling with Palm Olein was drop from new engine by 5% to 14%. In addition,
results of lubricating oil monitoring (only in the engine fueling with CPO) had showed the high level of silicon
contamination in the lubricating oil that would make abnormal level of iron, chromium, and aluminum contamination.
Howewver, the engine fueling with CPO might have some abnormal wear phenomena, Moreover, some sool that stuck
on the injector was found. It was tioted ihal thene Werg small @mount of the soot in-the engine fueling with diesel bul
the higher amount with Palm Olein and the highest amount with CPO. Because of the large amount of sticky soot of
the engine fueling 'with CPQ, the engine could-possible be broken-down especially the injeclor,

The outcome of this study can be concluded that' CPO needed 1o be heated-before-used. The engine
fueling with CPO requires shorer maintenance duration from the typical diesed such as shoren the lubricating oil
working hours or often clean the injector. In the other hand, the Palm Olein could be used as alternative fugl with more

compatibility.
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833075 (Virgin oil) wazinsiulnand sl (Refined oil) vizafi Faniiugn wrsiudrauleaay

9; o 6 a =® 901 o & ] o a aAy v = o A
iR dusssne@ vanane iduldauduiuisinanldainnisiu €a viranis

1faannFau anannliazanalaanisdns neasldlinnaznan n1snsaauaznIsuyumaLN
(centrifuse) 111314

v b
| o o

AouinTuNauT IWiiEetn T AN NILNINAT B DTN AN g UL NAT
AENNTAYAAINIUNTINATNIINSANIA
901 o & d‘ o a o d’j a dl [~ % o & a 4A 9; o 6
PN ANNUINA 1T LU e U AN U UL N WU AN E T NI AV Ta NN UL AN

AU (Crude Palm Oil) @qlgannisanmRal angn (Fresh fruit Bunch) Tasiiitindudnaumu

1
= 1 A 1 ¥

| 90/ o 14 e A o %’ o Y a v a a
urhduannidulagsesnatanaansnuiziluindudiy Nadugi o @mmuﬂﬂm tNBR UM

q ] ]

¥
o

% 9; o alal 95 L% e o dl dl ] a a o
ANNHNFRURNNUAL AT HAR N AN LAY dauundulANan AN NN 1 e waae Rl
PnsTunans Il (Refined oil) visatngiudadnlaradu (Palm Olein Oil) @aifluns1inngy
Unauaullununssnassananataas

A dl %/ o [ 1 [~1 1 ] A
ansRetuinulunihduduuiseanitu 3 nqulunj Ae
1. ngulalaslafia (Hydrolytic) Usznausasaianmu dsantsnnsnladiudasy
al & 6 1
navmaled wazienlmsisine
2. my"mm%mﬁw (Oxidative) UsznausaaiAnnelans a15eendindusie
WndnTawmesea (Tocopherols) waznaanlng (Phosphatide)
3. - dananilusaaiinagraie laun 4191sznaunanlulngian NNty way
ElaLaL mm@m@uW@mW'ﬂw‘Tmewfa@ﬂ%méﬁurﬁmjé’qa
2 LV ™ O e~ e S 2 Al . 4
P UL A NAU T RNARNAN IARINA2219 U178 TR HITWUIANA N NN AN A AT

o o

v i i
daduiauniuninananuinngadniuludszinalng noutiaanlu wen. 288-2535

a A

AUNATUANHIUENN

q

NIRTFIUEARATUTIARAMNTIN WU and uiuuTina dhduildu

= o dl
LANLLAZANENIN ANRANTINN 2-1
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FIN3I99 2-1 ADMANHIEBTNTULNANAURNNDN. 288-2535 [4]

ATANHIUL ABEMSNAFAL | TANIUURA
ANUNUNLUUANANS (Relative Density) 715020 °C | CAC/RM9 0.891-0.899
g (Refractive Index) 7 n, 50 °C IUPAC(1979) | 1.455-1.456
ﬁf]LL@xmiizma%’ﬁ@mmﬁ 105 °C (Y%wt) IUPAC(1979) | <02
gﬂ%uﬁiﬂﬂzﬂﬁﬂ (Insoluble impurities) (Yowt) IUPAC(1979) <0.05
AnlalaAuuuLiad (lodine value,Wijis) IUPAC(1979) | 50-55

[

Aardauliniadu (Saponification value) Naaniu | IUPAC(1979) | 190-209

widdanlansanlasmAafagag 1 n5u

an9naztauiinnglalls (Unsaponifiable matter) n3s | IUPAC(1979) | <12

| % 1

AafatNg 1 Niani

%

ANUB4NTA  (Acid value) Haansulnwidideanlansan | IUPAC(1979) | <4

lampafaging 1 Ny

Alafaanlis (Peroxide value) Haaninanyatleas | IUPAC(1979) | <10

aanliaandiausasiagiae 1 no.

a a o o Aa %

ImnualesNu (Beta carotene) NaANSNFABAIANTN AOAC(1984) | 500-2000

v

4 T
WudduauInelenuanmn i dunanld daulunjanuinaldiulsenuin

a1) innsuuaznamiuindudutEgns wiatnAN Nwinausesanunina Al A

Usululssmandnanilisesusauatliduganaztinduilanay Juun i asuulas
a <

BYAADA TILNTIT AT FNALAZANAS UazUNEaee9Tis A AuALf

é/ oI/ %; o '3 = [~3 dl 901 o & a
ALA9TU LazIie A radtnsu s nlarausilasunadllniusAraaatindul 1 dum L

al
1 14

A o o [ ] a %’ o o a ] o
Wasanindulaulaaauiiilunanasanindudnauamunu

< % %’ (% o
2.3.2 nssnusneEdINulaN
96’ % s 1 1 v o AJ 1 A [~3 [~ v
uduildudoulnnjdsznaudaansalesiy Geanaad luglaasnanizaaaaudam 14
& al % v 1 o’d} o = 1 d’j = A |
asAtlsznauniaaiaadladu dun wames aladuainigiaiiaziinuaniifsieann
lasudnduzalasTulszinnau nanqma Tuludunaazidsznausotadimnasuainsa lduni
4 o el , o A , &
umtntuanage) wazluanauaanagednianaan daunsaladuluiadoulnnjaziily
lasudszinninsnamasies naaladuwmaniainisnsnfadunatmasas nanalugns

dszinnlulunawalss vie lanawmalsd lAdangulansend anuau 1-2 nguilgnunui
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a

] [~3 dll a o dl dl v aaa 1 1 49{
agiqlafinuieleyyagaszaeensalduninasdasludgiseanannda 1 ngnauld eyya
a 1 dgjc; o o [~ = 9./4‘ o o dg’
faszmainazaiuisamusiunatelulnsnagalssbe d9nse ldudssinnuasiiaswy
ynnlulusiuanniid nee lusiumantiuazssnausasanelalnsafueniadssinnandanay
Tausa uaznisilaseairedanailivinliifnlfisandrAnyaussil

(n) Unnsenlalnsada (Hydrolysis)

Ufisenlalasdda aziinvuane lwiidulhdn uazaziinanildanssznay Tulu
nawvtalss lanawelss way tnsnawelss nanalunsalusiudass (Free Fatty Acid) N1nu
= o 2% 90/ o & dl a aaa aa il/ a %
Hnarinlinun it duanas a9a1upnasine Uifsenlalasd@ay anainnisin
A a g o d9/ ] < & o :J/ dll
1Ratlu nnsduazassuarianentinluitlau waznaranisvinanaanidulasd deluie
fasiuiniuidudenanindudasanvigiiessnainisunuruasdalutauainismmii
IilpaamBunamuazdsluilewluringu wu dulideangn

v g

lunsdidulninelfiAnFuinnaalaudass (Free Fatty Acid) AT AN U&

u

Wua1 diunatdauanainsuazdiFunninga laduaaszinasseaas 0.1 (dauluniiu

Palmitic acid) WABNALNANAATUEIUNILUIUN19ERA N13UA Nazn lTRLTNNunge tsiu

14

v 1
fasvgeruneFanas 50 lwnanitey 2-3 4alus uidadnisiiuathaunnliaaufeunan

% w8

L0704 90-100 °C asvinlinaiisesnnmesnanladfudasziianas 157 NEANEAaiUNA

m@qi_l??mmﬁ’n,l,@z@mu N '@ﬂ?mmmm1muu@@3°1uumuﬂmuLmLqmmﬂ Aauansly

AN 2-2

p3na 22 UBsnnunanlafidasslunafiusnentsiidu g nngfiuazaau i

91 [5]
¥peazananaladudass
NAMATEN N lugilrednss Palmitic
NINAAEY ~ y L T A BUA A
wnduNaNtaTasay 0.25 } 406\
INNAUANTRLRY 5

Bufunimaans 2.8 2.8
NAYAN 62 JU 0 18 °C 3.3 3.3
NAYAIN 55 JU U 55 °C 3.5 4.1
YRIR7N 36 1 W 75 °C 4.6 9.7
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ANNUANITANHINUINNTALSNE TN S NRa A RAsedns 18°C 1300l

v a QI 49{ 4 1 d‘ = [ & o %’ o . dl a da( 1 dl
ﬂﬁ‘ﬂT‘ﬂNu“ﬂ@ﬁ‘t@ZLWNQ\W‘H%@EHQ’]LN@L‘Vlﬂ'Llﬂ‘LIﬂ’1?Lﬂ‘LI?ﬂiﬂﬁuﬁmuﬂ?@ﬂ%@mﬂﬂ”ﬂéﬂﬂlu b UN

goMNH 55°C uariguungi 75°C ufidnszazinanaiuinmuiuis 62 Suuazinsiuldu
miufE AN iNIuanfesas 0.25 Wwfeuay 5 azvinlisunainsa lasiudass

14

a X
‘WNQQ?JH

—

o a '

= v @& N 98 X | o . .
mm:mmnuﬂmuaﬁﬂmam’]ﬂ?mmmmLsn@ﬂizmmmmmﬂhuu (LIpOlyth

o o =

micro-organisms) lusnsduasipanan1aialBununse ledudasziae \masananailaun
@aeesdanylusiu (Lipoltic Fungi) 3laumennade3enatdd (Species) Paecilomyces,

v 1%
v o

Aspergillus, Rhizopus WA Torula WA uAa nsiusnuindulnduaunane aasled

)3

2

ﬁﬁﬁuﬂqﬁmﬁuﬁuﬁﬂ?mmﬁﬁﬁ'mm (Retiarndnfeaas 0.1) Wilduianfign uazaelu
anzfidelseliasnsaifulplafiaztssnenamninsesindulduaLly

(21) Upnsenaandindu (Oxidation)

iesannledndifuesdds snenae st duiudulssinnladuluduso
(Unsaturated) ﬁﬁlqmmmLﬁmﬂﬁﬁ“%m@ﬂﬂ%mﬁu%’ o Auntaiuses lenasanuiuans
Uszinnlalasileseanlas (Hydroperoxides) #aaziin i naumSui nstleatuls
ﬂﬁﬁ?mmmﬁﬁmﬁuﬁﬂﬂmﬁ@ TipaslignAueandiauluanis wazetinldignuasneiy
wavaziiudadeljisenls esaslannsssugnslainssuounistlesiuniaingfizen
pandnduliuda Tueluladuiilfanfadanlnnaz funsalaiulszinnlddusa
(Polyunsaturated fatty acid) Foluitssinniiasiiansssnaunaninnfiug vy

o a

%
gn9tlaaiunsiAeandiadis (Antioxidant) aginaa TuldunnsiuaridmAudllszaunns 10-

[

hfﬁ

% ' P2 a A 1 '

130 Ha@aniuse 100 NFN wiRaduaaHazdag lusssnand wilenniafiuinaong

=

nduiveazuadngnszuaunsnasimiudiazaae i AsldRnsmnasdszinninlai

4 1
A

784 (Tocopherols) a< il gwman Hiwetleesiunismsiuim
a31l15d1 Tunastifuineatnduilduazfadlidinn duszassuazlanzniin 1@aeilu
¥ dl o & a 1 v 1 v @ 1 v a v
taangauazuininuathauauituasFeunauaiafazduanFununsa ladudase s
d” [-3 a 0I ] dl dgll 1 a a v a ZI/
wananiiasivluguuugiaiwazesluaninsiielsaliaunsoasamuiald anvisnig

wnansdszinniniaseaazilasiunismduiiuainniseandinduls

24  MSLAANANINURILATAIANS [6]

A A 2 E < o o co oA & = a =
WaNN19ARaUNTRIT LAY TUTUAIUNINANANSALANTUAIUNINAZIinAM LA A

X ' = = dll d = X o Y
Vmu‘ﬂuvLN’J']Q?JLﬂuﬂqf]NL@ﬂﬂwqu@qﬂﬂq?@uiﬂﬂﬁﬁ\@ﬂ')'n\lL@ﬂﬂwquLLUUﬂ@\‘lmq LHATHNITAR
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ANNHLAEIANIWUAN AN T A1INE AU TIazdIna IHANUILANTUIUALANIURAIAILAL
AAANFRUNIAATUAINANALANIY UAGATINEATNNNUTL0I897NTIR BIURIF197]
o a =3 dl dl v v =S o dl
flapaiinnis@nusauazidananin ialidilaiednunizaaan s aNan LA U ALIR
o = A o o =y = = =
PANVAINITLRDNANIWNANINITLA 1 AIFADIANHINTILDNUTLLNNUBINITLAANANINLAE

=2 o o -ljl
ﬂ@iﬂﬂ’ﬂ\iﬂ’]?@ﬂﬂ?ﬂiﬂﬂ@\?Lﬂﬂﬂ\?u

2.4.1 UszinnaaIn1si@aNgnIn
s8N 91 BNANINAIALS IARNANE UL I89N19T190 A9l

2411 m'ilfi"auﬂﬂ’lwmm’m'l (Time dependent degradation)

St Failure

time

917 2-8 NIHUAANNITIABNAN TWAHNIIA

1
A

ﬁﬂwmmmmwﬂugﬂﬁ 2-8 AR LA UDIANH TN ABNANIN (N34
n5090974) 20vTudaugtnTainuszazaainas e Sl AR vieauinves
Fugaudsuly Tuarinliaanuudaus (Strength) gaiuduananatAanadllnuingn
H91u uazqeineiierauudoundmanasaulng viaandndnezldan fazfluaad
sl 2 duilussauii %uﬂu&gmﬁéumu%ﬁﬂ@m WsauANNLAE e

24.1.2 n'lsl,ﬁ"'auan'\wﬁ'laﬁ?uﬁ’uwm (Time independent degradation)

"LumiL?ﬁ'@mmmwwﬁ'\;miuﬁﬂwmzﬁﬁumisﬁﬂqmimﬂiﬂLﬁ'm%’mﬁuﬁw
@zﬂmaﬂ%\ﬂum@@uﬂwﬁwLfsmz%uj filuannlAnnsgagn e (NIsEIgALLL “UiL
Fuiila) Sensdlilmsatudaiunsdiuan (nedlusnifuuuunisdnge “uuuresdudes
Tal”) mﬂ@mnmﬁmugﬂﬁ' 2-9 AzIUINAERINAIUIENI AR NKTLITARF a9 1
uTaFendn “daganaulannde’ (Safety Factor : SF) TpesiallAfansaanuuysin

o v g 1 [ dl dld ¥ dl [ % a aa A a
Auua WHAINANNTY 1 unnusdule laninis 1 4ATasanIiaLe wranI1nANIIZNIZULNN

A @ dl a o A k% d‘ o a aa @ o 2
“Iad8aA (Shock or Impact load) ‘Vlﬂ”l"]Lﬂﬁ@’m‘ﬂqlllﬂLM@M?@I‘BLQ?@\?Wﬂ?N@Qﬁ fagnlinnse
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nseinsatudruienaiaaugeninawlilussauiuaAmNudusnesiang auinlidan

=

nunszananlilly uaziianstigavisauaniinluige

Failures

/ \\"‘“ Strength
MMM m’\ Stress

time

91l7 29 nanuansnis@aNan Iy auiLNaN

£

ochemical Surface Fatigue
Reaction

¥l 9,

n. nalnmsannsauuuafia 2. nalnnsinusauuuuaia
L'

a. nalnnndnwsawnynsluwiinea o nalnnisdnmssuuudna

7171 2-10 ugAPAlNN1ERNMTBLILIFI N 7

ANvaasiadia An N9T119AvFENIEBNANINANINAT (Time dependent)
Fnavinedasiunisdnuse (Wear) deunnetagauuuldauiuinan (Time independent) Az
dl ¥ o o o =S [ [~ dla o o U v a 1 1
naadasiunisuaniin lunistlestunis@nusasfluniaanstingeinmsasdnla@esnandn

= 2 - o = = = . ,
nMsANNsaTasTUdIuATaNANINuLILWTANalNNN9ANNsa (Wear  mechanisms) a9
a9 wdrAsanunsnmuuamaauiiunislunistleaiunisdenaninld muuimnsgiuiu

ARAMNIINTBNLTEIN AL BT UMNNELAT 50320 (DIN 50320) aaiilunaeniuiuituiianaln

nisdnusaldaeinamunzan 4 3uuy Asgln 2-10
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242 n19a LLuﬂﬂﬂ‘lﬂﬂ’]‘iﬁﬂﬁ‘iﬂ

AauRaznanafanalnn1sanise (Wear mechanisms) avafunalasdaiuildn mwy

2 a = X 2 Ao ¥ A o a4 X A o | a =
Lﬁﬁliﬂ@QLﬂmﬂqﬁ‘@ﬂﬁi'ﬂﬂlu YN ”'| ‘V]llﬂqﬁ'LLﬂ\‘]rJqLﬂ?ﬂﬂ@ﬂ?ﬁﬁ'@‘ﬁu@quLﬂ?@Q@ﬂﬁ‘iNﬂ')ﬁ‘Lﬂﬂﬂqﬁ‘@ﬂ

v

wsananz I8 ldeulinssizananudu (Stress) NnnnifulindiAAnuudussrasiag

@A

(Strength) @4nAe AansaanuwuudldilAadamnulaende (ANLT9LIaRaANNIAL
NN 1) WAgATINETUAIUAINANNIBUAZLANTNANITELIIAN LUANANAINNI0aT U 16

A9 N19NAAINIADNULLATUITIAIAIHNLAL (Stress) 15AD ARTIEIUILNINULNTNTENFD

o o

&
NUNTULINNTEN

v
1A

TasiNunFuLsansenn lda zifuns AN LN FULI N TEN NI TN BT U TR 16

[} ¥ &
a v oA

1 v
(Apparent area of contact) WAIAFIUAINUNTLLIIANAIDL LIUANHATIUIN RURITUNUN

49

ANNITEL UazFuNNTANMANEE iinndnluszauqaniaudanysddsldaiunsnna i

NAANEELI89RAINA9 14 AuanslugLi 2-11

0 62 124 186 248 um

A.
t:ll dlj’ a -dl Y a o
gﬂ‘ﬂ 2-11 LL@@Q‘WMN’JVILLV]’QNIM?%@U“}@ﬂ’]ﬂ

(=3 Yo dl ! % o 4 o U1 1% a dl a 49{ =
aziiulpdrienadranidulusziuqantaid axnildAnAuAuRT IR AL
ANGINANTIBANAIN LT LIT8958A (Yield -strength) InsE@AUMARTILTLATNN T NIENY
1 v 1
PRIRNIBYNIEENALLN “Asperities” IHERNNIANAATUIBITUIUATNALTUNNTTATY Tusedy
L 4 ad da 4 - - N X
9AN1A AB Asperities TNHNUNLANUALINAAINNIZEUNAAIAINNLINLIS Asperities (a1
a A o ~X . X A A a o 4 A » A
azidagihivegudalaaninsTuansnTudoumaniingails IeBuin1sAdewi Asperities
@agilTaaninssanainazgnidausneenly uaznaneliiiuiaslanzainnisdnusanilziluy
1 901 o 1 dl [ 7.’/ [ ¥ ° A 3 o ¥ a 2 nI/
aglutniunaedu Aaiulidnagldniszavags fazinliifianisdnuseane Tnavialilien

Anu1Tnanuunnalnnisanusalendy 4 naln Aa
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2.4.2.1 nalnn1s&nusanuuginfn (Adhesive wear)
dunalninetuainn1sninnsiafussdnfafuaea Asperities WaTHNNT
anaasaeenllresiusciifiatun lurneTuanuiniaaaaul Wuseiiianig “Eusn”
Y9e “WTaNAANW 184 Asperities RiFeNAWI1 “N19TaNLEu” (Cold-welded) An®aUEN19IA
nsdnusanuuBafinuanslugiln 2-12
Tnenarmemisalifinnsdnusauuutinfin Aa arsnaaauiANNtiiales
null nszdlagannnifuldauansuaeauiuldldvaldaausoa il

NaE

inslauER I IAN I8

L

—_—
— £ W—
—_— 2%

317 2-12 uapIaNBIENITANUIBLLLERRA

2.4.2.2 MSANUTAULUYALAA (Abrasive wear)

) = s X T = =
\unns@nuseiintuainnisiiedan gnideueanhlainnisgnasiiniag
ARNINHANLIIAINAN 1 Huazaas Wanaae WeanIniwgs 1wy Ansuza9n1sdn

wiatlszinnilAagii 2-13

nnge

a A A 4 ;
NANWNITLAADLN

|

msluazes - o i doa e
e AT WIDNINUIANNA LLADUZLARDUN (Um)
ANINADAU P

/

deandsniTaunalniulld

|

L aynpdanlsnaziinlfiianisdnuse

azlaitiudnld ludesdng

A oo o gya = =
‘LIHNQ’&NN’&W’]AL‘MWﬁﬂ’\?ﬁﬂﬂi@LLUU‘y‘ﬂ"ﬂﬂ

=)

U9 2-13 UAPIANHOILNIIANNIBULILYATA
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1 v a =S d’j A ;73 1 dl dl @
maslinanNanusatszinnil Aa nasldansnaanunandsn NATTULANA

a

o o = <

RANTANTAMNLES (Hardness) wansnaiusanifull

2.4.2.3 MSANNTAANNITANAURIIAR (Fatigue wear)

\{un1981FuAINATRLANYTENANLIWHINTINAAALTIUNAN9RNED Y19i)

-dl 1 : a [ v o o =
1H89N1AINI1TUIURN95uN31TIU99aL (Stress cycles) NN9dnFRasianarilania
NATUTRLNINUINTUINUTLA1TZNEaN1TNA (Compressive stress) #178nN1379  (Tensile

= 1 1 dl 1 = a Y o 7~ = o [ % o
stress) Wigatinglaasanilandazdlanidiinnizansial@i3annn unndnnssunisvadauny
Tlsnsgndnanisnaiunishs weenisiuN1ssLuLLunesay inengaazdenalitindanmga
saunanlduaznnlinsesdnuadunas UURLTRIIY AN NTNANITAFAN WL
a dtal 1 d‘ o 9y Ve né’ a A: 1 t-;‘ll
WnannnnsiAeanilenlugnavaaauuazinlifiinsasns (Dents) IULLAITUINUAALUAZLHS
Tauliuu seennazpee undnszangeanliiilusasuwnn (Crack) iasaintindiunaenu

v v v H H
dnlded luseenaiu afiuasniaan uaziindungulungniuanalugi 2-14

Stress risers Crack forms
Force

L4
Particle il

1. First,stresses at component 2. Then,small surface micro cracks
surface develop and lead to elastic develop and or just benneath the solid
deformation_and plastic flow of material. surface during component use.

Cracks and faulls coalesce Partices released

Repeated stress

"
Ao

3. The faults then join to form larger 4. surface material then breaks away.
voids undermining companent surface

917 2-14 UAMIANHIUENTANUIBULILANED

2.4.2.4 ms&nusanuuljisenlnsluail (Tribochemical reaction)
:J/ = 1 = o . [~1 Q’l .
m\imagmafﬂm’m’]mnm@LLU‘UT}Jj NAaL wralNAnFY (Fretting wear)
= . . . = T i< Y o = .
QMNTa Tribochemical reaction NAMNUNEHLLUAIAY AR NITNTUINURABINNTUAR (Tribo)

LL@:Lﬁmm@anmﬂﬂﬁﬁ?mmﬁ (Reaction) Tngianizasngs “Ufseneendindu” aunsn
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as11e A nnana nsTunipaasiapduidasald azlnanildudnadadaldsanaiainig

1 o

Annsanuuiinfa (Adhesive) baln1sldanu aznliusinudadaldinisdndnu (Tribo)

1 v a 3 :// ¥ o a % o a K o £ dl | o ]
ﬂ@IMLﬂ@LﬁELMZ\mMN'ﬂﬂuu NUINLNALINAAINNTAUAINNITTAR Beazn1utnniilusaig

Uiz (Catalyst) Inennamdnfifaauiidudadal fasaaiiduiu merzidunisig

¥ 1
A a a

Wuiia (Surface area) Iaandiauluainaa annnsaidivindfazenlidnaau el
4AUITNALUNANABLAUAN ANNERY ANTY (W3 et luenA) Ausandiaufiaznnld
dfmseeiniiuliseneandind Gsasvinlmanduatiumdn (Rusty wear powder) uas
a [~ = v % o [l A = [~1 1 o Y a =
atnmanaziguantfrdaiuduazeey Ae daaNuduslszuazazinliiianisyaia
(abrasive) AssLBNdasalANNIAWI I asaldanTuaauaznunse 1S ungaias

° ¥ i [ a =2 a dgj Y o ) -&l
mmmﬁ;mM uanandasalmian m@%mmminmmnmmumﬂmﬂume WasuuLaau

o o o A

18 (Spline) WULITDLUE WAL NILeNIBIMLTINFNTANUFEe W WY

25 #1SuaRaY [6]

mﬁﬂixﬂ@u%qLﬂuuﬁﬁﬁuﬁﬂﬂ@zmmﬁﬁfymmmwd@ﬁ'uﬁ@ AALIILALAN I
(Reduces  Friction)  a4iuasaiiiasia ilun1sannisanyse (Reduces Wear) tszusa
WANU (Saves Power) anANEau  (Reduces Heat) waziflunsdae A Al fuvingud
s0a5uNsERlHany (Load-Carrying Lubricant Film)

Y Sdo o oA e =
um‘wmmﬂmmmmwm@ummuiﬂm

7

I
o v Al

1. PnBanaNeuaInaeduhuanaIaINsaneantl (Carries Away Heat)

v 1
a ] =

= 4 4
AMNTURIUNNNITLANDUN

A

2. MuENaNeuda (Sealing) ﬂ@qﬁuéqmﬂﬂiﬂﬁﬂﬂ@‘%uzﬁquﬁLﬂ?ﬁ'@uﬁ v
Tunstizesansd

3. “flasiunisianseulasdiy (Preventing Corrosion and Rust) 289A9T10
Aulumdn

4. Wransdifagininilunisdeineindatuingislansean
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mﬁwmﬁl 10°C 22 W/m
BUNR 230V AC
grungRvesans lngegn 65 °C
anungRanelgegaiisanisane i 85 °C
PUA 8.5%3.9 WA,
ANENI IN9AREIEA 124 9,
+5°C 0.130 A/m
0°C 0.141 A/m
-20°C 0.181 A/m
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Model ST 30433
AUIR 40x200x10 mm
UNH 220 VAC
879N 160 Watt

3.2.3 drnudranlaiadu (Paim Olein Oil)
Pnutadulaaa (Palm Olein Oil) #3211 &15 i (Refined oil) wlusinsiuia
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i hanTawdulifasminnisguinaannnuuiiauimnaiuunduldy

a EZ 901 o & = = =) o =3
ALl anlalaauAd AIMNUUAFINIALTANFATN

a J a
3.24 QN@NHM‘H’Q\?L‘H@ LNAINAFALU

@mmﬁﬁmmL%Lwﬁx‘mmmuma@mVT\im'i‘wM@ummmuma:miwMﬂumm
a o 431' 14 d” a & dy a a = o
nunuluauaseil 1@?’1’]‘1.@11L“Tj’rﬂLW@\?I‘VILﬂuLm@L‘W@Q@’]ﬂﬂ;ﬁﬂ’]?&l@ﬁ] (Batch) taganvmasm

nsnaaaL TnaRUANTRB9TAWRSLAANAIRNI19N 3-3

FIN3INT 3-3 UAAIATUANTTRUBTALNAINAAAL

Properties Test Method Diesel CPO Palm Olein

Heating Value, MJ/kg ASTM D611 45.41 38.77+0.08 39.23+0.11

Carbon residue, %wt ASTM D92 0.14 0.23 0.21

Viscosity at 40°C,
) ASTM D227 3.60 73.78+0.49 40.09+0.05
mm°/s

Specific density,

\ ASTM D1298 0.832 | 11NN91 0.940 0.916
g/cm
Cetane number ASTM D976 52 49 42
ASTM D92 .
Flash Point, °C 98 267+1.0 439n31 300
(Open-Cup)

3.3  LATRNEUANARDL
dl & [~ dll 8 a v o a = d’j a all v
wsastusimagauliupsasauiqasziinsnanisdpaindamanasiannsg  Bve

Kubota §u RT=140 sivuargluzui 3-9 laguansdiaganiainptialunnsei 3-4

917 3-9  uansLPTRNEUAMAADL
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FN99% 3-4 UARNTRYANINNATIATEILATENUANAADL)

LPFENEILE Kubota
U RT140
Nt LAFENEUARIALLILIGLIUAY 4 A9U9Y

FLLNEIAIINTAUAEILIN

AUIUGNAL 1
1UIANTELDNGL 97 mm. (bore)
SiPRGiR 96 mm. (stroke)
UFumsnszuengyl 709 ce.

NNAUATEILUAZNEA | 14 hp /2400 rpm

wsangadn 5.0 kg-m / 1600 rpm
seuLRaLKA lvad SademAslaanss
Am9daUN1AE A 18 11

PHam 1ls21A%: Bosch KBAL type

ANAL: 215 kg/em”

GV RIE IR 1lz1An; Bosch PFR.M type

AANAL: 600 kg/em”

- —_— o P
FULNARRT dupnuIdunaaaninaiininsaans i

[ |

TN UNaRALINA SAE 40 APl CF, SAE

30 API CF A314q 2.8 QRS

LUUTZUNIEANNEDU | W RUALLITI NG T2 8AINS AL

Natural Convection A21N] 2.2 aRT

9 =
NHANTRIRINIA wuLlen
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34 NISNARAUANTSTOUL

NINARDLANIINULIBILATALIUR LTUNNIAN LA UDNANITUL AT UMY HNNS
o dl % dl 6 1 a o dl 9/901 o %7/ o T a 901 o & aa
e ldainiaTassudiunaaiuialdindusima uidudunuuazinduduleadu
NM9NAAALIAANTEUNNITINANIIENN92494A (Full Load) WATNANIIEA9zUNNEIU (Part

Load) wafldainnianagasuandugiunugiianssaus (Performance Map)

34.1 ENMINARDUANTTOUL
AEnamaseuaNssnuzuiiveanilu 3 danlun Ae

1. N19 Runin

v
a ]

wi9a NI udaun18luaTessudlng azdeesiinis un-n
Lﬂ%wuﬁﬁmﬂi%fj“gfﬁ“mmﬁzmuﬁu?ﬁwﬁ’jmamLLuzﬁﬁ dnmFULASRa8 U KUBOTA (DI
tsznaudas 3 Tumei Gei

1. ldfin19e (No load) ANTNI3998L 2,400 rev/min 1981 30 WA

2. N3¢ 50%28 rated power ANHL5978L 2,400 rev/min 1381 30 W9

3. N17¢ 100%124 rated power AYHLTAIRL 2,400 rev/min 1381 20 %%Im

MEMESARUNNT run in @il AeudnarinsumseanlnadeuEumii
NINAFAL NNINARDLANTTOUSFLAIN N T MRS AnudlsTnd N dR LAY
hduTalaau MmaaeLtndamaLAasainaziin s Asutnerinuesesiaunas
Puadeiisss iR ns e A iane i

2. mswmauﬁmsx@mm (Full Load Performance Test)

ﬂ'@u‘v'hmimM@uﬁ'@qumaﬁ:@mm fazf?l’famum?:@wuﬁ@m:uuﬁmd@
naglugamnfivinau Aekifinnda 60 °c ANTWENNAGELM AN ARSI usaTn
fuANiSasat fidn1aznsrgean (Full Load) Guanniisdus e sausmudantog
13Jﬁma?muﬂqmﬁqmumﬁ 2550 ~30UABUIT ﬁmiﬁﬂwﬁ%muﬁﬁumLﬂmﬁqm (AN
ANLUZHNIBILTENEHAR) A B U AN 2L WAL LA st auAN LIS s a0 9L A geis

=2 o =K { a

aAAINT 2400 sauRewndt salfrsestusagluaniazasia udadaufinuadussda,
Srmaunldesinifugemas, ANGEUNDNUAZANAUANNC] LATAIATUAN anuiiansg
IfuiresusauANIfise LB tUaANAT 2200 sausewnd selfirastusag
annazpsaudaaaTufingn waznsminduiReaiufinnuiasew 2000, 1800, 1600, 1400,
1200 uazAMFIIRL 1000 sausiaunT adlfanuduiugssudnaussdinfupnudasen

Aan1aen17eg9qn (Full Load)



57

3. N1SNARALNN1FLUN9EIU (Part Load Performance Test)

AMNANNENAUT LR TENI9N19249gALATANNTITaLT A NN ImARaL
N172QegAATNUNNIAUUAATINIIMAGRL (Matrix) 1AM LUATuselnsiee A

wanslugiln 3-10

Matrix fﬂﬁ"lum FINAABUANTIIUS

55
50 +* -
_ 45 * * * —# *
£ 40 . * * * * *
= 35 - * * + * + *
= 30 + ¢ * 5 * + *
£ 25 B * * + * + *
S 20 * * * + + + .
215 - * » + + + +
10 * > * + + *
5 -+ * * * * + *
ﬂ -

1000 12200 1400 -1600 1800 2000 2200 2400 2600

Speed (rpm)

2119 3-10 LARY matrix N1 IUNINARAUANTIOULNNNT LA

au

AMNUUNININAGDLANITOUL D AANNIUATNAANAROULY Matrix 7
nnuualugild 3-10 (@randialadndunimasatanssnuziannznnseudau  (Part
Load) N1AMNI399ALILAIRNEIUAAY) BNANNAINIE0 UGS TntitFuganiuAnlaun T nas
Tiinunaniazustaamaesnuald wdatiusussbilaaonuiiaseuniuiseanis

N1INAABLATNINAMNAANAALNNMLATIILN 3-10 BuiANIEIeU 2400
FRUABUNT NAIINTA 5 HIAU-LNAT 113 UILATIUAAUATIAINRAN NN TUNFBINITUAD 99
TipsasauFagNannrAsa A9BRIN139as R ARt u@a g Wianiuiunnen
grUNQH, ARINAUAN wazAIATUAY AntiazilatuqanasaulpgtliuganILANINE LY
wssiie (WxAiaz 5 N-m) aularuselingeqe uaziliuauselwlinauiiseauninsasnig
(2400 99UABUNNLATANAIAUTY 1200 FALAAUIT) NINTUALNTUALATUAINAANAADL
dl ¥ o o 1 a o Q” A 90J o d’j a o % 1 dl
nldnavus drAussdnuazdnsdudassinduaamnasilAwindiusinaniozeinie

¥ o ! d‘ o % a
NIMTFIU (AARUIN N.) AL uuAaNuanslugUununNanssouy (Performance

Map) TIhgAdANANRUTIENIUTTR AL WATERTI AU ABITRINRIR N
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Plunger Draws QOil
Into Bottle by Suction
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Corrected brake torque (N-m)
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Corrected brake torque (M-m)
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Specific Fuel Consumption Map of RT 140 CPO Engine Using Diesel (g/kYy-hr)
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Full Load Curve of Torque and sfc with Engine Speed

Corrected Brake Torque
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Full Load Curve of Torque and sfc with Engine Speed
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Full Load Curve of Torque and Fuel Conversion Efficiency with
Engine Speed
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Corrected Brake
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Full Load Curve of Torque and Fuel Conversion Efficiency with
Engine Speed
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Corrected Brake

Corrected Brake

Full Load Curve of Torque and Exhaust Temperature with
Engine Speed

83

60 1000
50 - 900
e
S5~
T 40 800 & 5
2 g3
o 30 700 5S
: 3 75
= =TT I T © o
R 20 S 600 3z 3
z ==
4__.__-{'_"# 3 '>C< =~
10 E==" s00
O T T T T T T T 400
1000 1200 1400 1600 1800 2000 2200 2400
Engine Speed (rev/min)
—=&— Torque Diesel —2—Torque CPO —e&— Torque Olein
—& Exh Temp. Diesel —A- Exh Temp. CPO —¢- Exh Temp. Olein
s 49 uassnaFauiauusstiasnuazgunnledusyudenis ide s
a % % e a 901 % & = dl dl =3
A ddulanAY wardidulnanleaau Nan1rN19TgIgnNANNLET
TALIFN]
Full Load Curve of Torque and Exhaust Temperature with
Engine Speed
60 1000
4740 481 48.79
50 L 4784 4551 900
39.67 s
~ 40 4704 4685 4640  44.73 Lgo0 © 3
£ g0
=z [)
< £ O
o 30 700 O o
642 -
s 56 /) p9ea 023) Ahrma g don % 5
o | 558 - T=r =t ~ - - N S 0
2 20 7D - 617 = -8 --u 600 g S
L= ;gg' 591  ©610 613 600 ) 2
10 &< AT 500
0 T T T T T T T 400
1000 1200 1400 1600 1800 2000 2200 2400
Engine Speed (rev/min)
—&— Torque Diesel —&—Torque CPO
—&- Exh Temp. Diesel —A- Exh Temp. CPO
7N 4-10  wamsnaiFeuneuussiinusnuazguunRlaidesendnanis i imaInas

ArauAztNTULNANAL NAN19N198gagANANNITITE LA



84

Full Load Curve of Torque and Exhaust Temperature with
Engine Speed
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Full Load Curve of Torque and Lubrication Oil Temperature with
Engine Speed
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Full Load Curve of Torque and Lubrication Oil Temperature with
Engine Speed
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Corrected Brake

Corrected Brake

Full Load Curve of Torque and Cooling Water Temperature with

Engine Speed
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Full Load Curve of Torque and Cooling Water Temperature with
Engine Speed
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Specific Fuel Cansumption Map of BT 140 CPO Engine Using Diesel (g/kMy-hr)
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Fuel Conversion Efficiency Map of RT 140 CPO Engine Using Diesel (%)
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Fuel Corwersion Efficiency Map of RT 140 Qlein Engine Using Diesel (%)
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Exhaust Temperature Map of RT 140 CPO Engine Using Diesel (degree celcius)
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Exhaust Temperature Map of RT 140 Olein Engine Using Diesel (degree celcius)
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Lubrication Oil Temperature Map of RT 140 CPO Engine Using Diesel (degree celcius)
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Lubrication Oil Temperature Map of RT 140 Olein Engine Using Diesel (degree celcius)
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Cooling Water Temperature Map of BT 140 CPO Engine Using Diesel (degree celcius)
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Cooling Water Temperature Map of RT 140 Olein Engine Using Diesel (degree celcius)
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Pump Discharge Pressure of Engine Using CPO
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Power Output of Engine Using Olein
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Engine Speed of Engine Using CPO at Rated Condition
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Engine Speed of Engine Using Olein at Rated Condition
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Fuel Consumption of Engine Using CPO
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Fuel Consumption of Engine Using CPO at Rated Condition
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Fuel Consumption of Engine Using Olein at Rated Condition
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Exhaust Temperature of Engine Using CPO
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Exhaust Temperature of Engine Using CPO at Rated Condition
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Exhaust T. (?C),

Exhaust T. (‘OC),

Exhaust Temperature of Engine Using Olein at Rated Condition
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Oil Temperature of Engine Using CPO
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Oil Temperature of Engine Using CPO at Rated Condition
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Oil Temperature of Engine Using Olein at Rated Condition
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Water Temperature of Engine Using CPO
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Water Temperature of Engine Using CPO at Rated Condition
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Water Temperature of Engine Using Olein at Rated Condition
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Particles B .g % f\l_) % % B .GN) %
() o (7] o o n o
Normal
Rubbing 60 2-3 F 50 2-3 F 70 2-3 F
Wear
Fatigue Wear 20 10-30 F 20 20-50 F 5 10-30 F
Sliding Wear - - - - ) - - - -
Cutting Wear - é : - L - - - ,
Black Oxides 10 10-20 F 10 10-30 F 5 10-20 F
Dirt and Dust 10 10-80 @ 20 |10-100 C 20 10-50 C

Working (hr) 50 75 100
Oil Hour (hr) 50 75 100
= (0] = (0] (O] — ()]
Wear & o S = S = S o S g
= S = k3] = = = S ~
Contaminants < = Qo = o Qo ) = Qo
o = © = © 3} o = 3}
Particles B S 5 I 5 5 B I S
n al n o o ) o
Normal
Rubbing 60 2-3 F 70 2-3 F 70 2-3 F
Wear
Fatigue Wear 10 20-50 F 5 10-30 F 5 20-80 F
Sliding Wear - - - - - - - - -
Cutting Wear - - - - - - - - ,
Black Oxides 10 10-20 F 5 10-20 F 5 10-20 F
Dirt and Dust 20 10-80 C 20 |10-100 C 20 |10-100 C
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Rubbing 85 2-3 F 50 2-3 F 60 2-3 F
Wear
Fatigue Wear 5 10-20 F 10 20-50 F 10 10-30 F
Sliding Wear - - - - ) - - - -
Cutting Wear - 4 i 10 20-50 F - - -
Black Oxides 5 5-10 F 10 20-30 F 10 10-20 F
Dirt and Dust 5 10-20 2 20 10-50 C 20 10-50 C

Working (hr) 50 75 100
Oil Hour (hr) 50 75 100
= (0] = (0] (O] — ()]
Wear & o S = S = S o S g
= S = 3] = = = k3] ~
Contaminants &5 = Qo = o Qo &“ = Qo
~ O ~ O o ~ [&]
Particles X S 5 I 5 5 B I 5
n al n o o ) o
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Rubbing 70 2-3 F 80 2-3 F 90 2-3 F
Wear

Fatigue Wear 10 20-50 F - - - - - -

Sliding Wear - - - - - - - - -

Cutting Wear - - - - - - - ;

Black Oxides 5 10-20 F - - - - - -

Dirt and Dust 15 10-50 C 20 20-50 C 10 10-20 C
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-_ (0] — (0] (O] — (O]
Wear & o 5 & EJ & & o E) &
£ S — S ~ = = S =
Contaminants ntcu = L) = Qo K D‘g = Qo
= S 7 S o =~ S
Particles B .g % f\l_) % % B .GN) %
() o (7] o o ) o
Normal
Rubbing 30 2-3 F 80 2-3 F 80 2-3 F
Wear
Fatigue Wear 20 [20-100 F - - - 5 10-20 F
Sliding Wear 20 [20-100 F - . - - - -
Cutting Wear - é - - - - - - -
Black Oxides 20 [10-200 F - - - 5 10-20 F
Dirt and Dust 10 10-50 @; 20 10-50 C 20 20-50 C

Working (hr) 175 200 210
Oil Hour (hr) 75 100 110
= (0] = (0] (O] — ()]
Wear & o S = S = S o S g
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Fatigue Wear 10 20-50 F - - F - - -
Sliding Wear - - - - - - - - -
Cutting Wear - - - - - - - - ,
Black Oxides 10 | 10-20 F - - , } B} .
Dirt and Dust 20 20-50 C 30 |20-200 C 40 >100 C
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£ S — S ~ = = S =
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o (0] ‘E (0] 'CLE) % () (0] %
Particles BN N ®© N ®© @© N N @©
() o (7] o o n o
Normal
Rubbing 90 2-3 F 80 2-3 F 70 2-3 F
Wear
Fatigue Wear - - - - - - 10 20-80 F
Sliding Wear - - - - ) - - - -
Cutting Wear - é - - - - - - -
Black Oxides - L E - - - 5 10-20 F
Dirt and Dust 10 10-20 @ 20 10-20 C 15 10-20 C
Working (hr) 175 200 210
Oil Hour (hr) 75 100 110
= [0} = [0} [0} = ©
Wear & o S = S = S o S g
= S = k3] = = = S ~
Contaminants < = Qo = o Qo ) = Qo
o b © DY © 3} o b 3}
Particles B N 5 N 5 5 B N S
() o (7] o o ) o
Normal
Rubbing 70 2-3 F 80 2-3 F 70 2-3 F
Wear
Fatigue Wear 10 10-20 F - - - 10 10-20 F
Sliding Wear - - - - - - - - -
Black Oxides 10 10-20 F 5 10-20 F 10 10-20 F
Dirt and Dust 10 10-20 C 10 10-20 C 10 10-20 C
Copper - - - 5 100 N - - -
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NIUN 100 1149 210 NIEBLATAIEIUANINUANL LT UL A NAL

Working (hr) 210 235 260
Oil Hour (hr) 0 25 50
-_ (0] — (0] (O] — (O]
Wear & o 5 & EJ & & o E) &
£ S — S ~ = = S =
Contaminants ntcu = L) = Qo K D‘g = Qo
= S 7 S o =~ 2]
Particles B .g % f\l_) % % B .GN) %
() o (7] o o n o
Normal
Rubbing 90 2-3 F 80 2-3 F 60 2-3 F
Wear
Fatigue Wear - - - - - - 10 10-20 F
Sliding Wear - - - - ) - - - -
Cutting Wear - é : - L - - - ,
Black Oxides - L E - - - 10 10-20 F
Dirt and Dust 10 10-20 @ 20 |20-100 C 10 10-50 C
Working (hr) 175 200 320
Oil Hour (hr) 75 100 110
= (0] = (0] (O] — ()]
Wear & o S = S = S o S g
= S = k3] = = = k3] ~
Contaminants < = Qo = o Qo ) = Qo
o = © = © 3} o = 3}
Particles B S 5 I 5 5 B I S
() o (7] o o ) o
Normal
Rubbing 70 2-3 F 70 2-3 F 70 2-3 F
Wear

Fatigue Wear - - - - - - - - ,

Sliding Wear - - - - - - - - -

Cutting Wear - - - - - - - - ,

Black Oxides - - - - - - - - -

Dirt and Dust 30 >100 C 30 >100 C 30 >100 C
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Working (hr) 210 235 260
Oil Hour (hr) 0 25 50
— (0] — (0] (0] — (0]
Wear & o 5 & EJ & & o E) &
= S = s} ~ = S S =
Contaminants | & = QL E, 2L QL ) = Qo
o (0] ‘E (0] 'CLE) % o (0] %
Particles BN N © N © © BN N ©
n o n o o n o
Normal
Rubbing 40 2-3 F 80 2-3 F 75 2-3 F
Wear
Fatigue Wear 20 20-50 F 5 10-20 F 10 10-50 F
Sliding Wear - - - - ) - - - -
Cutting Wear - é : - L - - - ,
Black Oxides 30 20-30 F 5 10-20 F 5 5-10 F
Dirt and Dust 10 10-50 @ 10 10-30 C 10 10-20 C
Working (hr) 285 310 320
Oil Hour (hr) 75 100 110
= (0] = (0] (0] — (0]
Wear & o S = S = S o S g
= S = S = = = S =
Contaminants < = @ = 2 2 < = Q2
o = © = © O 2 = O
Particles S X o I S S B I o
n o (7} o o n a
Normal
Rubbing 70 2-3 F 80 2-3 F 70 2-3 F
Wear
Fatigue Wear 10 10-20 F - - - 10 10-50 F
Sliding Wear - - - - - - - - -
Cutting Wear - - - - - - - - ,
Black Oxides 10 5-10 F - - - 10 10-20 F
Dirt and Dust 10 10-30 C 20 10-20 C 10 10-50 C
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Full Load Curve of Torque and Lubrication Oil Temperature with
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Specific Fuel Cansumption Map of BT 140 Olein Engine Using Olein{g/kMy-hr)
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Fuel Conversion Efficiency Map of RT 140 CFPO Engine Lsing CPO%)
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Fuel Corwersion Efficiency Map of RT 140 Olein Engine Using Olein (%)
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Exhaust Temperature Map of RT 140 CPO Engine Using CPO (degree celcius)
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Exhaust Temperature Map of RT 140 Olein Engine Using Olein (degree celcius)
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Lubrication Oil Temperature Map of RT 140 CPO Engine Using CPO (degree celcius)
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Lubrication Qil Temperature Map of BT 140 Olein Engine Using Olein (degree celcius)
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Cooling Water Temperature Map of BT 140 CFO Engine Using CPO (degree celcius)
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Cooling Water Temperature Map of RT 140 Olein Engine Using Olein {degree celcius)
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N1MTFIU 1SO 3046 ANLITDINUNISNAFALILATDIL WA [31]

International Combustion Engines - Performance
Part 1 - Engines for land, rail-traction and marine use - Standard reference conditions

and declamations of power, fuel consumption and lubricating oil consumption

n.1 Scope

This report of ISO 3046 specifies the standard reference conditions and the
methods of declaring of power, fuel consumption and lubricating oil consumption for
reciprocating internal combustion engines using liquid or gaseous for particular engine

applications.

n.2 Field of application

This part of ISO 3046 covers reciprocating internal combustion engines for land,
rail-traction and marine use, excluding engines to propel agricultural tractors, road
vehicles and aircraft.
This part of ISO 3046 may be applied to engines used to proper road construction and
earth-moving machines, industrial trucks and for other applications where no suitable

International Standard for these engines exist.

n.3 References

ISO1000, S| units and recommendation for the use of their multiples and of
certain other units.

ISO 1204, Reciprocating internal combustion engines - Designation of the
direction of rotation.

ISO 1205, Reciprocating internal combustion engines - Designation of the
direction of cylinders.

ISO 1585, Road vehicles - Engine test code - Net power.

ISO 2534, Road vehicles - Engine test code - Gross power.

ISO 2710, Reciprocating internal combustion engines - General definitions.

ISO 3046/2, Reciprocating internal combustion engines - Performance - Part 2 :

Engine tests.
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ISO 3046/4, Reciprocating internal combustion engines - Performance - Part 4 :
Speed governing.
ISO 3046/6, Reciprocating internal combustion engines - Performance - Part 6 :

Overspeed protection

n.4 Units and terms

n.4.1 The units used are those of the International System of Units (SI Unit)
described in ISO 1000.

N.4.2 The general engine terms used are as defined in ISO 2710.

n.5 Standard reference conditions
For the purpose of determining the power and fuel consumption of engines, the
following standard reference conditions shall be used :
Total barometric pressure :
P.= 100 kPa
Air temperature :
T, =300 K (27 °c)
Relative humidity :
d, =60 %
Charge air coolant temperature :
T_.=300K (27 °C)
If other reference conditions are chosen, these shall be stated.
NOTES

1. Relative humidity of 60% corresponds to a water vapor pressure of 2,133 kPa (16
mmHg) at a temperature of 300 K.

2. The air density at the standard reference conditions is equivalent to-that at 98 kPa
(376 mmHg) and 20 °C and to that at 101 kPa (760 mrnHg) and 30 °C

3. For automotive type inboard and outboard marine propulsion engines, the standard

reference conditions in ISO 1585 and ISO 2534 may be applied but they shall be stated.

N.6. Auxiliaries

N.6.1 Introduction
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In order to show alertly the conditions under which a power is determined, it is
necessary to distinguish those auxiliaries which affect the final shaft output of the engine
and also those which are necessary for the continuous or repeated use of the engine.
Items of equipment fined to the engine and without which the engine could not in any
circumstance operate at its declared power are considered to be engine components
and are not therefore, classed as auxiliaries.

(Such as fuel injection pump, exhaust turbocharger and charge air cooler are in this
category of engine components.)

n.6.2 dependent auxiliary : ltem of equipment, the presence or absence of
which affects the final shaft output of the engine.

n.6.3 independent auxiliary : Item of equipment which uses power supplied from
a source other than the engine.

N.6.4 essential auxiliary : Iltem of equipment which is essential for the continued
or repeated operation of the engine.

Nn.6.5 non-essential auxiliary : ltem of equipment which is not essential for the

continued or repeated operation of the engine.

n.7 Declarations of power
Nn.7.1 Introduction
Nn.7.1.1 Purpose of statement of power
Statements of power are required for two main purposes :
a) the declaration by a manufacturer of the value of the power which his engine
will deliver under a given set of circumstances. This declared value is known as
the “rated power”.
b) the verification by measurement that the engine delivers the power which has
been declared in a), ‘under the same set of circumstances or after proper
allowance has been made for any difference in circumstance.
To specify the set of circumstances under which the declared value of a power
would be achieved, the declaration shall state :
a) the kind of statement of power (see 7.4) and of necessary, the ambient and
operating condition (see 7.4.2).

b) the kind of power output (see 7.3).
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c) the kind of power (see 7.3).
d) the corresponding engine speed.
NOTE
1. The term used in a) to ¢) may be combined, for example, continuous net brake fuel
stop power.
2. Where appropriate to the engine application and the method of manufacture, the
power achieved may be subject to a tolerance on the declared power. The existence of
and its magnitude shall be stated by the manufacturer.
3. Measurement of the powers referred to in this International Standad shall be
determined in accordance with ISO 3046/2.
n.7.1.2 Unit of power
Power shall be expressed in kilowatts (kW) The addition of the equivalent metric
or imperial “horsepower” is permitted for a transitional period.
n.7.1.3 Power and torque
For engines delivering power by a shaft or shafts, any power in this International
Standard is a quantity proportional to the mean torque, calculated or shafts transmitting
this torque.
For engines delivering power other than by a shaft or shafts, reference shall be
made to the appropriate International Standard for the driven for the driven machine.
Nn.7.1.4 Engine speed
The speed of an engine is the mean rotational speed of its crankshaft or
crankshatts in revolution per minute, except in the case of “free piston” engines where
the speed is the number of cycles per minute of the reciprocating components.
n.7.1.5 Engine with integral gearing
When -stating the power.of an engine fined with an integral (built-in) speed
increasing or reducing device, the speed of the driving shaft extremist shall also be
given at the declared engine speed.
n.7.2 Kinds of power
n.7.2.1 Indicated power
The total power developed in the working cylinders by the gases on the
combustion side of the working pistons.

Nn.7.2.2 Brake power
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The power of the sum of the powers measured at the extremity of the engine
driving shaft or shafts.

Nn.7.2.2.1 Any statement of brake powers shall be supported by the
following list of auxiliaries :

a) essential dependent auxiliaries as defined in 6.2 and 6.4;

b) essential independent as define in 6.3 and 6.4;

c) non-essential dependent auxiliaries as defined in 6.2 and 6.5.

The power absorbed by the independent and the non-essential dependent auxiliaries
may be significant, in such cases, their power requirement shall be declared.
Note - Examples of typical auxiliaries are listed in annex A for guidance purposes. These
lists are not necessary complete.

Nn.7.2.3 Net brake power

The brake power measured when the engine is using only the auxiliaries listed in
(7.2.2 a).

n.7.3 Kinds of power output

n.7.3.1 continuous power

Power which an engine is capable of delivering continuous, between the normal
maintenance nitervals stated by the manufacturer, at stated speed and under stated
ambient conditions, the maintenance prescribed by the manufacturer being carried out.

n.7.3.1 Overload power

Power which an engine may be permitted to deliver, at stated ambient
conditions, immediately after working at the continuous power.

The duration and frequency. of ‘'use 'of overload power which is permitted will
depend on the service application but adequate allowance shall be made in setting the
engine fuel stop permit the overload power shall be expressed as a percentage of the
continuous power, together with the duration and frequency permtted and the
appropriate engine speed.

Unless otherwise stated an overload power of 110% of the continuous power at
a speed corresponding to the engine application is permitted for a period of 12 hours of
operation.

NOTES
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1. The power of marine main propulsion engines is normally limited to to continuous
power, so that the overload power cannot be given in service. However, for special
applications, marine mnain propulsion engines may develop overload power in service.
2. If the engine application is not determined, the engine manufacturer shall specify the
overload power and the corresponding engine speed.
n.7,3.2 Fuel stop power

Power which an engine is capable of delivering during a stated period
corresponding to its application, and at stated speed and under stated ambient
conditions, with the fuel limit so that the fuel stop power cannot exceeded.

Nn.7.4 Kinds of statements of power

n.7.4.1 ISO powers
n.7.4.1.1 ISO power

Power determined under the operating conditions of the manufacturer’s test bad

and adjusied to the standard reference conditions in clause 5.
n.7.4.1.2 ISO standard power

The name given of the continuous net brake power which the engine
manufacturer declares that an engine is capable of delivering continuously, between the
normal maintenance intervals stated by the manufacturer, and under the following
conditions :

a) at a stated speed under the operating conditions of the engine manufacturer’s

test bed;

b) with the declared power adjusted to the standard reference conditions given

in clause 5;

c) the maintenance prescribed by the engine manufacturer being carried out.

n.7.4.2 Service power

Power determined under the ambient and operating conditions of an engine
application.
To establish service power, the following conditions shall be taken into account :

a) the ambient conditions, or any nominal ambient conditions according to the

special requirements of inspecting and/or legislative authorities and/or

classification societies, as specified by the customer (see clause 12);

b) the normal duty of the engine;
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c) the expected interval between maintenance periods;
d) the nature and amount of the supervision required;
e) all information relevant to the operation of the engine in service (see clauses

12 and 13).

n.8. Declarations of fuel consumption
n.8.1 Definitions
n.8.1.1 Fuel consumption
The quantity of fuel consumed by an engine per unit of time at a state power and
under stated conditions.
The quantity of liquid fuels shall be expressed in mass units (kg).
The quantity of gaseous fuels shall be expressed in energy units (J).
n.8.1.2 Specific fuel consumption
The fuel consumption per unit of power.
n.8.1.3 ISO specific fuel consumption
The name given in the specific fuel consumption at the ISO standard power.
If not otherwise specified by the manufacturer, a declared specific fuel consumption
shall be considered to be the ISO specific fuel consumption.
n.8.2 Reference calorific value of fuels
n.8.2.1 Liquid fuel engines
The declared specific fuel consumption of a liquid fuel engine shall be related to
a reference lower calorific value of 42,000 kJlkg (10,030 kcal/kg).
n.8.2.2 Gas engines
The declared specific fuel consumption of a gas engines shall be related to a
stated lower calorific value the gas. The type of gas shall be declared.
n.8.2.3 Specific fuel consumption declarations
The specific fuel consumption of an engine shall be declared at :
a) the ISO standard power;
b) (if required by special agreement) at any other declared powers and at
specific engine speeds appropriate to the particular engine application.

Unless otherwise states, a deviation of +5% is permitted for the specific fuel consumption for the

declared power.
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n.9. Declarations of lubricating oil consumption 1 Lubricating oil consumption

n.9.1 Lubricating oil consumption

The quantity of lubricating oil consumed by an engine per unit of time. This

quantity is used for guidance. It shall be expressed in litres or kilograms per engine
operating hour at the declared power and engine speed.

Nn.9.2 The lubricating oil consumption after a stated period of running-in
shall be declared.

n.9.3 The oil discarded during an engine oil change shall be not

included in the lubricating oil consumption declaration.

n.10. Adjustment of net brake power for ambient conditions

n.10.1 When it is required to operate the engine under conditions difference
from the standard reference conditions given in clause 5, the net brake power output
shall be adjusted to or from the standard reference conditions by the following formulae

(see note 1) :

P, = QP (n-1)
oL=k—0.7(1-k) (1_ 1] (see note 2) (n-2)
T
k= Py _a¢x P . L ' Ti ’ (ﬂ-3)
pr _a¢rpsr Tx TCX

n.10.2 In the case of turbocharged engines in which the limits of turbocharger
speed and turbocharger turbine inlet temperature have not been reached at the
declared power under standard reference conditions, the manufacturer may declare
substitute reference conditions to or from which power adjustments is to be made.

The following formulae (4) and (5) will then'be used instead of formua (3)
m n q
k=P ¢ (T b [Fere (n-4)
p r TX TCX

P = PrX( i j (n-5)
T

max

Where :
P. is the brake power;
P, is the standard reference total barometric pressure;

P, is the saturation vapour pressure under standard reference conditions;
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(1)r is the standard reference relative humidity;
T. is the standard reference absolute air temperature;
T_ is the standard reference absolute charge or coolant temperature;

cr

P_ is the substitute reference total barometric pressure given by formula (5);

ra

T_is the substitute reference absolute air temperature to be stated by the

ra

manufacturer;

TC. is the boost pressure ratio at declared power under standard reference

conditions to be stated by the manufacturer;

T is the maximum available boost pressure ratio to be stated by the

max

manufacturer;

QL is the power adjustment factor;
k is the ratio of indicated power;
M., is the mechanical efficiency (see note 4);
P, is the brake power under the conditions being considered;
p, is the total barometric pressure condition being considered,;
P, IS the saturation vapour pressure under pressure the conditions being
conside,ed;
(I)X is the relative humidity condition being considered;
T, is the absolute air temperature being considered,;
T,, is the absolute charge air coolant temperature at charge air cooler inlet being
considered.
The factor a and exponent m, n, and g-have the numerical value given in table 1 (see
note 5).
NOTES
1. For the convenience of users of these formulae, reference may be made to tables and
nomograms in annexes B to 0, which also include numerical examples.
2. When the ambient conditions are more favouravle than the standard reference
conditions, the declared power under the ambient conditions may be limit by the
manufacturer to the declared power at the standard reference conditions.
3. If the relative humidity us not known, a value of 60% should be assumed in formulae

references A, E and G in table 1.
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For all other formulae references the power adjustment is independent of humidity (a
=0).

4. The value of mechanical efficiency shall be stated by the engine manufacturer. In the
absence of any such statement, the value of T, = 0.80 will be assumed.

5. When declaring the ISO standard power the engine manufacturer shall state which of

the fomulae references in table 1 is applicable.

Table n-1 - Numerical values for power adjustment

Engine type Condition Formula | Factor Exponents
reference a m n q
Power limited by A 1 1 0.75 0
Non - air excess
Compression turbocharged Power limited by B 0 1 1 0
ignition oil thermal reason
engine and Turbocharged
dual-fuel without charge Low and C 0 0.7 2 0
engines air cooling medium speed
Turbocharged four-stroke
with charge engine D 0 0.7 1.2 1
air cooling
Spark ignition Non - E 1 0.86 | 0.56 0
engines turbocharged
using Turbocharged Low and medium
gaseous fuel with charge speed four-speed F 0 0.57 | 0.55 | 1.75
air cooling engine
Spark ignition
engines Naturally G 1 1 0.5 0
using aspirated
liquid fuel
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NOTE - The factors and exponents given in table 1 have been established by tests on a
number of engines to be generally representative and shall be used in the absence of
nay other specific information; for example in formula reference D, for an engine with the
charge air cooled by engine jacket water, the value for exponent g could be zero. At
present, they apply only to the type of engines specified but table 1 will be extended to

include other types when sufficient are available.

n.11 Adjustment of fuel consumption for ambient conditions

n.11.1 When it is required to operate the engine under conditions different from
the standard reference conditions given in clause 5, the fuel consumption will differ from
that declared for the standard reference conditions and shall be adjusted to or from the
standard reference conditions.

The following formulae shall be used if other methods are not declared by the engine

manufacturers :

b, = P, (n-6)
where B =Ko (n-7)
where :

b is the specific fuel consumption
B is the fuel consumption adjustment factor
O, is the power adjustment factor (see 10.1)
k is the ratio of indicated power (see 10.1)
Subscript r corresponds to.values under the standard reference conditions.
Subscript x corresponds 1o values the conditions being considered.
NOTE - For the convenience of users of these formulae, reference may be made to the

tables and nomograms in annexes B to 0, which also include numerical examples.

n.12 Information to be supplied by the customer

The customer shall supply the following information concerning the required power :
a) The application and the power required from the engine and details arising
therefrom.
b) The expected frequency and duration of the required powered and the

corresponding engine speeds.
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c) Site conditions
1) Site barometric pressure (highest and lowest reading available; if no
pressure data are available the altitude above see level).
2) The monthly mean minimum and maximum air temperatures during
the hottest and coldest months of the year.
3) The highest and lowest ambient air temperatures around the engine.
4) The relative humidity (or alternatively the water vapour pressure or the
wet and dry bulb temperature) ruling at the maximum temperature
conditions.
5) The maximum and minimum temperature of the cooling water
available.
d) The specification and lower calorific value of the fuel available.
e) Whether the engine is to comply with the requirements of any classification
society or with special requirements.
f) The probable period for which the engine will be running continuously, and the
duration of maximum and minimum load.

g) Any other information appropriate to the particular engine application.

n.13 Information to supplied by the engine manufacturer
The engine manufacturer shall supply the following information :
a) The declared powers.
b) The corresponding crankshaft and output shaft speeds.
NOTE - For certain-applications, of-variable engines.it.is common practice to supply a
power/speed diagram covering the ranges of power over whichthe engine can be used
in continuous and-in short period operation.
c) The direction of rotation (see ISO 1204).
d) The number and arrangement of cylinders (see ISO 1205).
e) Whether the engine is two-stroke or four-stroke, naturally aspired,
mechanically pressure charge or turbocaharged and whether with or without
charge air cooler.
f) The quantity of air required for the operation of the engine for :

1) combustion and scavenging;
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2) cooling and ventilation.

g) The method of starting, apparatus supplied and additional apparatus
required.
h) The type and grade of lubricating oil(s) recommended.
j) The type of governing, with speed droop of required (see 1ISO 3046/4 and ISO
3046/6).

If for variable speed duties, the working speed range and the idling speed.

If necessary, the critical speed range shall be indicated.
k) The method of cooling and the capacity of the cooing system with the rates of
circulation of the cooling fluids.
m) (From air cooled engines only.) Whether hot air discharge ducting can be
fitted.
n) A schedule recommended maintenance and overhaul periods.
p) Specifications and lower calorific values of fuels recommended.
q) Maximum permissible back-pressure in the exhaust system and the maximum
permissible intake depression.

r) Any other information appropriate to the particular engine application.
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NNSIABASINIS IUAURIRINIAAILAT Air box method [32]

N199ASRIINTTINATRAIRINAGEAT Air box method Llun19inlne g ueiuaa W

1sznaududaRnennid T9d9WnNaINIAAZ IV AANIINILINANABIANIANINARAINAINIY

a a

o dl & ©O £ Adl [l aa a o Adl c: [ 3
NITNWIUADILATAIE U ‘wﬂummﬁ‘wimmu@m%lsﬁmmﬂmﬂmmmmmmmmm
o | 14 ¥ é’
mﬁmumm@ﬂmgﬂmmmﬂmu

A uEuAuENaeIuinea g lntlszuI M NERenI9luasi1e) LanIAs

£1919 2-1

o

F1979 2-1 wanuAuE uARENas e eI Tlaing LT 0 EngIng lnasi1ee

Orifice diameter (mm.) | Air Flow rate (m3/s) Mass Flow rate (kg/s)
10 0.002 0.002
20 0.008 0.009
50 0.048 0.057
100 0.19 0.23
150 0.43 0.51
‘u’en?
| COntracia -
: Mooy
% —1\—‘ ———— Airbox
=— A f
Fr< s g
1! 2
d (I I

ﬁeﬁr Iﬁgiﬂ!

U7 21 wassnmnasdndnsanisluagasannnalaeds Air box method [32]

nwdneuananis asese N AR WL Orifice plate

NANUANLLAAINTIN Orifice flow meter

(%

Funasaasisniannganazinldinanisnsvinansasainiad s lagnitasneid

1agl Kastner [32] AYANNNT (2-1)
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_ 417x10°K *d ?
NV.n?

min

b (2-1)

]
o o [~1

V A FnmRstainainAnanTgn (m’)

=)

gl

1
1 e ° o G

AWYINTL 1 AAUNTULATANEIUEA 2 AINIE LAY

bt}

: .
B ATPAIN

A
o))

)}

1 (-

FANYNAU 2 AVNFULATASLIUR 4 4910y

A 9 1 s

AD LALNIUALLNANNTEN orifice plate (m)

u

AB ANUILNIZLANG UTBNLATANEIUE

< Z Q

A Fnmstasdngngu (m’)

" = ¥ ced o .
AD AANNLIITALLATANEIURNUDENGA (rev/min)

min q

pzd

ANuA L nAd luaeini orifice plate luaesluasnsia il (Incompressible flow)

uwaziansnun AN KINLNIB9eINIAAT AINANNITLaTYAR Az 19N

2 2
P v P v
7 Y e (2-2)
’Yair 29 Yair 2g
e p A8 AYNAY (kPa)
v AR AYHIEIAINIA (m/s)
Y., A8 dminauwazaasenad (kg/m’-s’) = p..g

P, A8 AMNUNILUENIENaINIA (kg/m®) Wiaril 1.165 kg/m’ 1 30°C
Z AB S2AUAINES (M)
g A8 ATANHLRaLEedan N isiNgaaealan (m/s?) Wwiniu 9.807 m/s’®
o Y A o 1 o o
UNNELIE) FoTiael 1 uay 2 AaAWMIean1az 1 waz 2 lugtl 9-1 191 puansu
Hasaananang 1 iueniatia uasivassanizetlussAuangamtaiy Al
ALl FANNEIUBIRINIA ANNANNIT (2-3)

2A
VR i 4 (1-3)

2
pair

n1sluaeinn orifice Azifin Vena contracta @vaztinlinisluaassiaandimnugiane

sathudanan g lnauuumda azldansinislualasiiatadannid Aa

l’ha = CDOpa\rVAO (°1|-4)
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Tnd C., Pa Discharge coefficient 193 orifice plate

A, ABIUIATLDY orifice (M’)

NNTIARARNNANNAKANATAN orifice plate avdalngldunuefiines daazlden head
Tunidagl mmH,0 eI A LINIRARNIRANEuANATeN orifice plate Tdan
ANNNT

Ap= szog An (2-5)
Tag@i Ah  Ae tasing Head ﬁfﬂ'mﬁmnmu@ﬁwﬁ(mmHZO)
Pro A8 AT LLLT89 (kg/m’) Wiariu 997 kg/m®

WHAUNANNNT (2-3) kAT (2-5) Nnuaaluannig (2-4) axldannisnunld 19 A

a :CDOAO\/Zpa”pHZOg An (2-6)

FATIUANNANNIT (2-7) HAE (U-8) ALANNITANIBAINEIUNANITALNAIADDINA WA

Equivalent ratio ldannaannsmasia lLli

V/t
FIA = 0 (1-7)

CDOAO\/zpa\rpH2Og Ah

(F/A)
Equivalent rato = ——— (1-8)

(F/ A),
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FN99% A-1 TaRANIIMAABLIANITOUL LATASUUAUTLNAGBLANNININARETN TN ANAY

NUFaetiniuAEa NOUNNINABLAMINNLNIY AN1IENIZAIAN

284

Data | Speed Torque Power Ambient FC (g/s) Temperature (°C) P. orifice | Smoke
No. | (rev/min) | (kgf-m) | (N-m) (kW) | T(K) | P (kPa) avg Exhaust | OQil Water | Intake | Fuel (cm) Density
1 2550 0.002 | 0.02 | 0.006 | 307.7 | 101147 | 0.1677 205 96.5 | 69.8 | 406 - 16.6 0.13
2 2524 1.694 16.62 | 4.394 | 307.3 | 101.17 | 0.3726 326 94.9 78.3 421 - 16.2 1.25
3 2476 3.332 | 32,69 | 8477 | 308.0 | 101.17 | 0.6132 487 96.0 | 87.0 | 454 - 16.2 1.26
4 2449 3.892 | 38.18 | 9.794 | 308.5 | 101.15 | 0.7381 586 106.2 | 98.8 | 46.6 - 15.8 1.05
5 2399 3.966 | 38.91 | 9.774 | 307.3 | 101.15 | 0.7320 584 108.6 | 99.1 46.3 - 15.5 3.22
6 2300 4227 | 4147 | 9.987 | 308.0 | 101.15 | 0.7461 603 109.5 | 97.3 46.2 - 14.9 1.59
7 2199 4.375 | 42.91 | 9.883 |-308.5 [ 101.15 | 0.7430 608 1102 | 97.2 35.2 - 13.8 1.74
8 1999 4.678 | 45.89 | 9.607 | 308.6 | 101.15 | 0.7207 609 1104 | 994 | 465 - 12.5 4.30
9 1798 4905 | 48.12 | 9.061 | 307.6 | 101.15 | 0.6896 597 1101 | 99.2 | 46.9 - 10.5 4.89
10 1600 4.966 | 48.72 | 8.163 | 307.9 | 101.15| 0.6191 566 108.1 | 98.8 | 35.1 - 8.9 4.89
11 1406 4919 | 48.26 | 7.105 | 308.1. [ 101.16.| 0.5579 547 106.7 | 99.0 | 475 - 8.7 5.39
12 1213 4.815 | 47.23 | 6.000 | 307.7.| 101.17 | 0.4841 521 105.1 98.6 34.8 - 3.3 5.16
13 1007 4774 | 46.83 | 4.938|308.0 | 101.17 | 0.4008 493 104.0 | 97.2| 475 - 1.2 4.04
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FN99% A-2 TaRANIINAABLIANITOUL LATASLUAUTLNARBLANNININARETN TN ANAY

NUFUNTURATA NBUNINAFELAMNNUNIU AN1IZATZLINE A 1200 rev/min

Data Torque Power Ambient FC (g/s) Temperature (°C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) | T(K) | P (kPa) avg Exhaust | Qil Water | Intake | Fuel (cm) Density
1 0.003 | 0.03 | 0.004 | 307.9 | 101.49 | 0.0558 120 56.8 | 654 | 456 - 14.6 1.0
2 0.500 | 4.91 | 0.615 | 308.0 | 101.49 | 0.0829 139 506 | 68.3 | 46.3 - 14.5 3.9
3 1.007 | 9.87 | 1.246 | 308.1 | 101.49 | 0.1136 173 62.7 | 70.7 | 404 - 14.5 4.0
4 1.504 14.75 | 1.857 | 308.2 | 101.49 | 0.1405 203 68.8 75.4 40.7 - 14.5 3.2
5 2.002 | 19.64 | 2.463 | 308.2 | 101.50 | 0.1706 241 69.4 | 79.2 | 408 - 14.3 3.5
6 2509 | 24.62 | 3.096 | 308.5 | 101.51 | 0.2028 280 756 | 828 | 41.0 - 14.2 3.9
7 2999 | 29.42 | 3.679 | 308.6 | 101.52 | 0.2374 322 79.5 | 88.8 | 415 - 14.1 5.9
8 3.501 | 34.35 | 4.311 | 308.7 | 101.563 | 0.2761 362 80.3 | 91.5 | 429 - 13.9 7.9
9 4.010 | 39.34 | 4.967 | 308.8 | 101.53 | 0.3344 419 85.1 96.8 | 43.5 - 13.7 25.8
10 4507 | 44.21 | 5,579 | 309.0 | 101.54 | 0.3841 473 88.0 | 100.5 | 44.3 - 13.6 28.6
11 4973 | 48.79 | 6.083 | 309.6 | 101.58 | 0.5277 493 922 | 579 | 452 - 13.3 51.6
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FN979% A-3 TayANIIMARBLIANITOUL LATASLUAAUTLNARELANNNININARETN TN ANAY

NUF2UNTURATA NBUNINAFELAMNNUNIU AN1IZATZLINE A 1400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.006 | 0.06 | 0.009 | 309.7 | 101.62 | 0.0646 113 579 | 63.8 | 464 - 16.6 0.89
2 0.499 | 4.89 | 0.717 | 309.8 | 101.63 | 0.0966 141 654 | 69.3 | 4238 - 16.5 0.15
3 1.004 | 9.85 | 1.440 | 309.9 | 101.62 | 0.1325 179 69.5 | 73.8 | 4338 - 16.4 0.32
4 1.501 14.72 | 2161 | 309.9 | 101.62 | 0.1662 217 73.9 77.5 43.1 - 16.3 0.46
5 2.003 | 19.65 | 2.877 | 309.9 | 101.62 | 0.2012 253 76.6 | 80.1 42.8 - 16.1 0.35
6 2515 | 24.67 | 3.614 | 309.9 | 101.63 | 0.2370 292 79.7 85.6 42.9 - 16.0 0.32
7 3.007 | 29.49 | 4.318 | 310.0 | 101.63 | 0.2746 328 81.4 | 89.2 | 432 - 15.9 0.40
8 3.506 | 34.39 | 5.041 | 310.0 | 101.63 | 0.3140 370 854 | 918 | 436 - 15.8 0.38
9 4.007 | 39.31 | 5.762 | 310.1 | 101.62 | 0.3597 415 89.0 | 97.5 | 440 - 15.6 0.67
10 4506 | 44.21 | 6.472 | 310.1 | 101.62 | 0.4189 476 90.3 | 100.0 | 44.7 - 15.5 1.47
11 4904 | 48.10 | 7.005 | 310.3 | 101.63 | 0.5867 533 93.7 | 60.1 453 - 15.3 5.39
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FN99% A-4 TaRANIIMARBLIANITOUL LATASLUANUTLNARBLANNININARETN TN ANAY

NUF21NTURATA NBUNINAFELAMNNUNIU AN1IZNTZLINE A 1600 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.008 | 0.07 | 0.012 | 310.0 | 101.67 | 0.0773 127 62.0 | 59.8 | 46.1 - 18.6 0.28
2 0.499 4.90 0.820 | 309.9 | 101.67 | 0.1139 i15% 60.7 74.6 471 - 18.7 0.18
3 1.003 | 9.84 | 1.646 | 309.9 | 101.67 | 0.1516 189 736 | 78.0 | 483 - 18.5 0.22
4 1.503 14.74 | 2468 | 309.8 | 101.66 | 0.1908 225 76.3 81.3 45.3 - 18.4 0.21
5 2.009 | 19.71 | 3.299 | 309.7 | 101.66 | 0.2346 266 80.9 | 852 | 4338 - 18.3 0.45
6 2503 | 2456 | 4111 | 309.7 | 101.66 | 0.2790 307 82.8 88.3 43.2 - 18.1 0.45
7 3.005 | 29.48 | 4.929 | 309.8 | 101.65 | 0.3224 351 86.2 { 90.7 | 431 - 17.9 0.57
8 3.497 | 34.30 | 5.750 | 309.9 | 101.65 | 0.3700 395 90.7 | 94.7 | 434 - 17.8 0.60
9 4.004 | 39.28 | 6.574 | 309.8 | 101.65 | 0.4188 439 94.0 | 955 | 439 - 17.6 0.59
10 4516 | 44.30 | 7.400 | 309.9 | 101.64 | 0.4841 498 96.0 98.5 44.3 - 17.4 1.65
11 4958 | 48.63 | 8.135 | 310.1 | 101.64 | 0.6524 546 100.9 | 66.7 | 44.8 - 17.5 4.89
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FN99% A-5 TaYANIINAABLANITOUL LATASLUAEUTLNARELANNININARETN TN ANAY

NUF21NTURAA NBUNINAFELAMNNUNIU AN1IZNTZLINE A 1800 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.007 | 0.07 | 0.013 | 309.8 | 101.70 | 0.0925 137 68.8 | 699 | 454 - 21.6 0.05
2 0.500 | 4.91 | 0.923 | 309.6 | 101.69 | 0.1333 167 71.7 | 633 | 46.2 - 21.3 0.18
3 1.006 | 9.86 | 1.855 | 309.7 | 101.68 | 0.1755 204 65.0 | 743 | 4438 - 21.4 0.22
4 1.502 14.73 | 2775 | 309.6 | 101.67 | 0.2225 239 81.3 771 43.8 - 21.2 0.21
5 2.002 | 19.64 | 3.697 | 309.7 | 101.67 | 0.2658 278 832 | 824 | 431 - 211 0.29
6 2505 | 2458 | 4.624 | 309.7 | 101.66 | 0.3138 320 87.2 86.7 42.8 - 21.0 0.42
7 3.004 | 29.47 | 5571 | 309.7 | 101.65 | 0.3742 371 89.6 | 87.5 | 429 - 20.9 1.10
8 3.507 | 34.41 | 6.493 | 309.7| 101.64 | 0.4318 419 91.8 90.5 43.2 - 20.7 1.31
9 4.004 | 39.28 | 7.401 | 309.7 | 101.64 | 0.4933 473 959 | 94.3 | 437 - 20.5 1.66
10 4507 | 44.21 | 8.336 | 309.8 | 101.64 | 0.5727 537 99.8 99.0 44 1 - 20.3 2.58
11 4879 | 47.86 | 9.004 | 310.0 | 101.64 | 0.7137 571 102.3 | 64.4 | 446 - 20.7 4.89
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FN99% A-6 TaYANIINAABLANITOUL LATASLUAUTLNARBLANNENIUARETN TN ANAY

NUFUNTURATA NBUNINAFELAMNNUNIU AN1IZNTZLINEL A1 2000 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Oil Water | Intake | Fuel (cm) Density
1 0.006 | 0.06 | 0.013 | 309.7 | 101.67 | 0.1082 152 705 | 66.5 | 452 - 24.3 0.03
2 0.499 4.90 1.023 | 309.6 | 101.67 | 0.1537 184 741 70.0 45.9 - 24.2 0.17
3 0.999 | 9.80 | 2.048 | 309.6 | 101.66 | 0.2002 220 784 | 66.3 | 46.2 - 24.3 0.28
4 1.504 14.75 | 3.088 | 309.6 | 101.66 | 0.2491 255 68.0 80.8 44.0 - 24.3 0.27
5 2.002 | 19.64 | 4.109 | 309.6 | 101.65 | 0.2995 293 85.8 | 86.2 | 43.0 - 24.2 0.20
6 2507 | 2459 | 5144 | 309.6 | 101.64 | 0.3545 336 90.8 87.6 42.7 - 24.2 0.37
7 3.013 | 29.56 | 6.185 | 309.7 | 101.63 | 0.4137 387 933 |- 947 | 426 - 24.0 0.43
8 3.508 | 34.41 | 7.195 | 309.8 | 101.63 | 0.4777 437 99.7 98.2 42.7 - 23.8 0.70
9 4.002 | 39.26 | 8.204 | 309.9 | 101.63 | 0.5566 498 102.9 | 102.0 | 43.3 - 23.6 1.39
10 4503 | 4417 | 9.252 | 310.0 | 101.63 | 0.6695 587 106.5 | 102.6 | 43.8 - 23.3 3.13
11 4.702 | 46.12 | 9.663 | 310.0 | 101.63.| 0.7400 604 108.2 | 63.1 44 1 - 24.0 4.30

289

68¢



FN99% A-7 TaRANIINAABLIANITOUL LATASLUAAUTLNARBLANNININARETN TN ANAY

NNUF21NTURATA NBUNINAFELAMNNUNIU AN1IZNTZLINE A1 2200 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.005 | 0.05 | 0.011 | 309.7 | 101.64 | 0.1299 169 75.1 69.6 | 44.9 - 27.3 0.06
2 0.503 | 4.93 | 1.134 | 309.5 | 101.68 | 0.1797 203 755 | 73.0 | 459 - 27.2 0.18
3 1.008 | 9.89 | 2.270 | 309.6 | 101.63 | 0.2312 240 80.2 | 77.7 | 444 - 27.4 0.25
4 1.503 14.74 | 3.396 | 309.6 | 101.63 | 0.2868 277 85.2 70.0 42.7 - 27.4 0.21
5 1.999 | 19.61 | 4.514 | 309.7 | 101.62 | 0.3424 317 69.7 | 822 | 423 - 27.5 0.21
6 2507 | 2460 | 5.653 | 309.9 | 101.61 | 0.4027 363 98.4 87.9 42.4 - 27.4 0.32
7 3.010 | 29.53 | 6.800 | 309.8 | 101.61 | 0.4690 413 99.5 | 90.3 | 426 - 27.4 0.59
8 3.514 | 34.47 | 7.934 | 309.9 | 101.60 | 0.5462 473 104.0 | 953 | 43.0 - 27.3 0.93
9 4.002 | 39.26 | 9.038 | 310.1 | 101.60 | 0.6423 547 108.7 | 97.3 | 433 - 26.9 1.99
10 4.373 | 4290 | 9.870 | 310.0 | 101.60 | 0.7493 592 109.3 | 63.8 | 4338 - 27.2 3.42

290

06¢



FN979% A-8 TaYANIINAABLIANITOUL LATASLUAAMTLNARBLANNNININARETN TN ANAY

NNUFUNTURATA NBUNNINAFELAMNNUNIU AN1IZNTZLINE A1 2400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.004 | 0.04 | 0.011 | 310.0 | 101.62 | 0.1501 190 78.0 | 66.7 | 444 - 29.2 0.06
2 0.502 4.92 1.235 | 309.8 | 101.61 | 0.2067 228 81.7 73.4 44.9 - 29.7 0.11
3 1.009 | 9.90 | 2.482 | 309.6 | 101.60 | 0.2638 266 849 | 747 | 439 - 29.8 0.27
4 1.506 14.77 | 3.711 | 309.6 | 101.60 | 0.3243 307 90.2 79.8 43.3 - 29.8 0.29
5 2.006 | 19.67 | 4.938 | 309.5 | 101.59 | 0.3868 349 939 | 747 | 429 - 29.9 0.35
6 2526 | 24.78 | 6.211 | 309.6 | 101.59 | 0.4569 399 76.0 | 91.1 42.9 - 29.9 0.56
7 3.003 | 29.46 | 7.389 | 309.7 | 101.58 | 0.5319 454 104.8 { 945 | 4238 - 29.9 1.09
8 3.507 | 34.40 | 8.631 | 309.7 | 101.58 | 0.6245 520 1088 | 96.9 | 429 - 29.9 217
9 4.004 | 39.28 | 9.864 | 309.8 | 101.57 | 0.7517 603 1121 | 100.0 | 434 - 30.1 3.22
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Data Speed | Torque | Torque | Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. (rev/min) | (kgf-m) | (N-m) (kW) T(K) | P(kPa) avg Exhaust Oil Water | Intake | Fuel (cm) Density
1 2561 0.000 0.00 0.000 | 304.3 | 101.39 | 0.2216 211 85.2 70.7 38.6 45.2 28.8 0.62
2 2501 1.940 19.03 | 4.985 | 3054 | 101.34 | 0.4937 638 1001 84.1 414 47.4 29.3 0.79
3 2449 3.276 32.14 | 8.241 306.0 | 101.32 | 0.7664 636 101.6 941 42.7 45.9 29.1 1.51
4 2398 3.751 3719 | 9.338 | 306.6 | 101.27 | 0.8061 0634 105.2 95.0 45.8 49.6 28.7 1.48
5 2297 3.910 38.36 | 9.228 | 310.1 | 101.06 | 0.8145 634 100.6 95.6 46.8 49.2 28.2 1.93
6 2249 4.023 39.47 | 9.296 | 309.4 | 101.00 | 0.8507 0637 96.7 95.5 46.3 47.6 27.7 2.21
7 2195 4.143 40.64 | 9.342 | 308.8 | 101.00 | 0.8214 642 100.3 96.3 46.2 48.8 271 1.81
8 2097 4.334 42.51 9.336 | 309.6 | 100.97 | 0.8373 0645 93.7 97.2 48.0 48.4 26.2 3.19
9 1997 4176 40.97 | 8.569 | 310.0 | 101.01 | 0.7918 623 101.3 100.1 48.1 49.3 24.5 3.23
10 1796 4.449 43.64 | 8.209 | 309.5 | 101.05 | 0.7520 0622 98.2 99.4 48.9 48.3 22.7 3.96
11 1599 4.627 45.39 | 7.601 309.0 | 101.08 | 0.6936 591 101.2 100.8 48.9 47.6 19.3 4.09
12 1390 4.677 4588 | 6.680 | 308.8 | 101.11 | 0.6327 558 96.7 98.7 48.2 47.0 16.4 414
13 1202 4.691 46.02 | 5.791 309.0 | 101.11 | 0.5350 534 98.8 99.1 48.1 47.6 14.2 419
14 992 4.629 45.41 4716 | 309.3 | 101.13 | 0.4596 493 98.8 98.5 48.4 48.1 12.7 4.55
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A9 A-10  TRLANIIMNARBLANTIOUY LATENEURAMTLNAABL A NNUYIWAYTNTWL NANAL

NUAEINTULNANAL AAUNITNARBLAINNLNNL ANNIZNN92LNE1 7 1200 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) | T(K) | P (kPa) avg Exhaust | Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 309.3 | 101.2 | 0.0701 104 69.3 | 65.7 | 425 | 43.1 14.0 0.19
2 0.499 4.90 0.626 | 309.4 | 101.3 | 0.1271 142 69.7 66.9 43.5 | 46.3 13.8 0.39
3 1.004 | 9.85 | 1.236 | 309.4 | 101.3 | 0.1570 176 712 | 70.1 442 | 46.2 13.7 0.34
4 1.505 14.76 | 1.847 | 309.4 | 101.3 | 0.1741 212 73.0 73.2 45.0 | 46.3 13.6 0.46
5 1.999 | 19.61 | 2.467 | 309.3 | 101.3 | 0.2052 250 748 | 754 | 454 | 46.9 13.4 0.44
6 2514 | 24.67 | 3.079 | 309.4 | 101.3 | 0.2570 288 76.7 78.2 46.0 | 47.6 13.4 0.51
7 3.006 | 29.49 | 3.705 | 309.3 | 101.3 | 0.2836 329 78.8 | 80.6 | 46.5 | 479 13.3 0.58
8 3.513 | 3447 | 4.315 | 309.4 | 101.3 | 0.3127 375 82.2 88.6 471 | 464 13.2 0.98
9 4.018 | 39.41 | 4957 | 309.5 | 101.3 | 0.3919 428 85.3 | 90.8 | 47.8 | 479 13.1 1.68
10 4489 | 44.04 | 5516 | 309.5 | 101.3 | 0.4399 508 87.9 | 92.7 | 48.9 | 487 13.0 2.63
11 4.845 | 47.53 | 5948 | 3094 | 101.3 | 0.5482 503 89.2 | 92.0 | 494 | 469 12.8 414
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Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 0.00 0.000 | 303.9 | 101.4 | 0.0893 114 63.2 61.5 37.6 | 40.6 15.8 0.24
2 0.501 4.92 0.725 | 304.6 | 1014 | 0.1458 il 51 66.4 64.8 38.8 | 40.7 15.7 0.36
3 1.005 9.86 1.442 | 305.1 | 101.4 | 0.1625 190 70.0 68.5 401 | 42.2 15.5 0.43
4 1.506 1477 | 2172 | 3055 | 1014 | 0.1986 224 72.8 70.8 40.8 | 42.8 15.4 0.49
5 2.006 | 19.68 | 2.886 | 305.6 | 101.3 | 0.2277 264 76.5 74.5 417 | 42.6 15.3 0.44
6 2508 | 2461 | 3.613 | 306.0 | 101.3 | 0.2843 304 78.7 77.0 425 | 43.3 15.2 0.41
7 3.007 | 29.50 | 4.315 | 306.4 | 101.3 | 0.3145 347 81.1 80.1 43.5 | 44.2 15.1 0.53
8 3.503 | 34.37 | 5.062 | 306.8 | 101.2 | 0.3677 395 747 79.1 42.6 | 45.0 15.0 0.78
9 4.008 | 39.32 | 5.769 | 307.1 | 101.2 | 0.4401 451 80.0 87.5 445 | 45.8 14.8 0.99
10 4496 | 4411 | 6.462 | 307.4 | 101.2 | 0.5350 532 85.9 93.7 46.0 | 46.0 14.6 2.11
11 4804 | 4713 | 6.873 | 8074 | 101.2 /| 0.6211 545 88.2 94.1 46.4 | 48.1 14.2 3.66
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FN99T A-12 dRANIIMARBLANTIOUY LATENEURAMTLNAARL A NNUYIWAYTNTWL NANAL

NMUAEINTULNANAL AAUNTNARBLAINNUNNL ANNIZNN192L9E91 71 1600 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 308.6 | 101.1 | 0.1211 128 727 | 683 | 422 | 414 17.6 0.27
2 0.502 4.93 0.825 | 308.7 | 101.1 0.1368 165 76.4 70.8 42.8 | 44.0 17.4 0.40
3 1.004 | 9.85 | 1.653 | 308.9 | 101.0 | 0.1903 204 786 | 73.4 | 435 | 447 17.4 0.41
4 1.506 14.77 | 2470 | 309.1 | 101.0 | 0.2476 241 81.5 75.9 442 | 45.2 17.2 0.43
5 2.005 | 19.66 | 3.286 | 309.1 | 101.0 | 0.3019 280 835 | 784 | 445 | 454 17.0 0.53
6 2509 | 2461 | 4122 | 309.1 | 101.0 | 0.3342 323 85.9 79.6 450 | 45.6 16.9 0.53
7 3.008 | 29.50 | 4.939 | 309.1 | 101.0 | 0.3776 369 88.5 | 832 | 454 | 459 16.8 0.55
8 3.511 34.45 | 5770 | 308.9-1 101.0 | 0.4401 425 91.3 87.4 456 | 46.1 16.7 0.89
9 4.016 | 39.39 | 6.588 | 309.1 | 101.0 | 0.5224 487 949 | 918 | 46.8 | 47.2 16.5 1.19
10 4508 | 44.23 | 7.401 | 308.9 | 101.0 | 0.6273 564 97.7 94.4 47.6 | 48.7 16.3 2.30
11 4.760 | 46.70 | 7.815 | 308.9 | 101.0 | 0.6937 594 99.9 | 952 | 47.8 | 491 16.3 3.50
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FN99% A-13 dRyANIMARBLANTIOUY LATENEURRMTLNAABL A NNUYIWAYTNTWL NANAL

NMUAEINTULNANAL AAUNTNARBLANNUNNY ANNIZNN92LN9E91 71 1800 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.003 | 0.03 | 0.005 | 309.0 | 101.0 | 0.1264 142 816 | 71.1 42.0 | 41.8 20.5 0.21
2 0.503 4.93 0.929 | 3085 | 101.0 | 0.1726 178 82.5 72.0 422 | 41.8 20.3 0.36
3 1.007 | 9.88 | 1.861 | 308.,5 | 101.0 | 0.2176 216 843 | 748 | 427 | 419 20.3 0.37
4 1.505 14.76 | 2.780 | 308.2 | 101.0 | 0.2779 255 86.9 76.8 43.1 | 43.9 20.1 0.38
5 2.004 | 19.66 | 3.702 | 308.2 | 101.0 | 0.3309 296 88.6 | 785 | 434 | 446 20.0 0.40
6 2506 | 2458 | 4619 | 307.9 | 101.1 | 0.3788 339 91.3 | 820 | 434 | 470 19.9 0.43
7 3.004 | 29.47 | 5554 | 307.8 | 101.1 | 0.4300 387 94.0 | 88.2 | 43.8 | 449 19.7 0.46
8 3.507 | 34.40 | 6.473 | 306.0-| 101.1 | 0.4930 444 958 | 88.8 | 429 |46.5 19.6 0.84
9 4.014 | 39.37 | 7.401 | 305.7 | 101.1 | 0.5678 531 984 | 895 | 433 | 475 19.3 1.40
10 4505 | 4419 | 8.244 | 306.3 | 101.1 0.7056 616 100.9 | 95.6 448 | 4r1.7 19.0 1.93
11 4529 | 4443 | 8.365 | 306.6 | 101.1 | 0.7494 614 1015 | 94.8 | 453 | 496 19.2 3.02
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FN9NT A-14 dRANIIMARBLANTIOUY LATENEURRMTLNAABLANNUYWAYTNTWL NANAL

NMUAEINTULNANAL AAUNITNARBLAINNLNNL ANNIZNN92LNE1 1 2000 rev/min

Data Torque Power Ambient FC (g/s) Temperature (°C) P. orifice Smoke
No. | (kgf-m) | (N-m) (kW) | T(K) | P (kPa) avg Exhaust | Qil Water | Intake | Fuel (cm) Density
1 0.004 | 0.04 | 0.009 | 306.7 | 101.2 | 0.1390 154 78.3 | 69.2 39.8 | 42.1 23.4 0.43
2 0.503 4.94 1.034 | 306.9 | 101.2 | 0.2121 192 81.2 71.4 40.3 | 43.3 23.3 0.44
3 1.004 | 9.85 | 2.057 | 307.1 | 101.2 | 0.2398 229 83.8 | 742 | 40.8 | 443 23.3 0.49
4 1.502 14.74 | 3.084 | 307.3 | 101.2 | 0.2876 268 87.0 771 41.7 | 46.9 23.3 0.43
5 2.002 | 19.64 | 4109 | 307.6 | 101.2 | 0.3727 310 89.5 | 794 | 424 | 456 23.2 0.47
6 2502 | 2455 | 5136 | 307.7 | 101.2 | 0.4141 35¢ 92.6 84.0 43.0 | 474 23.2 0.45
7 2999 | 2942 | 6.145 | 307.6 | 101.2 | 0.4777 409 96.3 | 91.0 | 436 | 482 23.0 0.44
8 3.511 34.45 | 7176 | 307.7 | 101.2 | 0.5650 482 98.8 92.4 440 | 48.5 22.8 0.75
9 4.019 | 39.43 | 8.238 | 307.9 | 101.3 | 0.6361 578 932 | 969 | 441 | 46.2 22.8 1.52
10 4170 | 42.68 | 8.925 | 308.3.| 101.3 | 0.7918 611 99.6 99.6 45.7 | 48.7 22.6 2.51
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FN99% A-15  dRANIIMNARBLANIIOUY LATENEURAMTUNAABLANNUYIWAYTNTWL NANAL

NUAEINTULNANAL AAUNTNARBLAINNUNNL ANNIZNNT2LNE1 7 2200 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.002 | 0.02 | 0.005 | 307.8 | 101.4 | 0.1695 177 85.0 | 73.8 | 412 | 437 235 0.39
2 0.503 4.93 1.133 | 307.9 | 101.4 | 0.2446 216 86.3 75.6 416 | 44.2 23.7 0.36
3 1.003 | 9.84 | 2.265 | 308.1 | 101.4 | 0.2941 285 885 | 786 | 42.0 |443 23.7 0.39
4 1.501 14.72 | 3.390 | 308.0 | 101.4 | 0.3557 294 91.1 80.3 42.4 | 45.7 23.7 0.38
5 2.003 | 19.64 | 4518 | 308.2 | 101.4 | 0.4173 338 932 | 828 | 428 | 46.0 23.7 0.44
6 2506 | 2459 | 5.658 | 308.2 | 101.4 | 04514 389 96.2 | 916 | 431 | 46.3 23.7 0.52
7 3.017 | 29.60 | 6.813 | 308.2 | 101.4 | 0.5359 448 99.5 | 932 | 438 | 468 23.7 0.56
8 3.506 | 34.39 | 7.880 | 308.4 | 101.4 | 0.5864 528 1024 | 975 | 443 | 475 23.7 0.90
9 3.597 | 40.64 | 9.347 | 308.5| 1014 | 0.8214 577 1054 | 99.2 | 452 | 48.0 24.5 1.43

298

86¢



FNINT A-16  TRYANIINARBLANIIOUY LATENEUARMTLNAABLANNUYIWAYTNTWL NANAL

NUAEINTULNANAL AAUNITNARBLAINNUNNL ANNIZNN92LNE1 7 2400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.001 0.01 | 0.003 | 307.4 | 1014 | 0.1975 198 87.8 | 76.0 | 409 | 424 25.9 0.43
2 0.509 4.99 1.252 | 307.4 | 1014 | 0.2567 240 90.4 77.6 411 | 426 26.0 0.38
3 1.005 | 9.86 | 2.471 | 307.5 | 1014 | 0.3097 281 927 | 787 | 416 | 429 26.2 0.42
4 1.504 14.76 | 3.704 | 307.7 | 1014 | 0.3797 325 94.9 81.6 419 | 44.8 26.3 0.44
5 2.004 | 19.66 | 4.928 | 307.8 | 101.4 | 0.4281 377 98.3 | 883 | 424 | 451 26.3 0.50
6 2510 | 2463 | 6.162 | 307.9 | 101.4 | 0.5195 434 1011 89.8 43.0 | 48.3 26.3 0.54
7 3.010 | 29.52 | 7.386 | 307.9 | 101.4 | 0.6379 515 102.9 { 90.5 | 43.3 | 484 26.5 0.64
8 3.268 | 3719 | 9.321 | 307.9-| 101.4 | 0.8061 567 1041 92.2 43.8 | 48.8 271 0.98
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P97 A-17  dayanImMARaLANIIOUY LAFENEUARIMTLNAALANNLNNUALeTNNUL AN Te A EY

NN9UARITNTUALTA NOUNNINAABLAMNNNUNIN ANIIZNTEEIGA
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Data | Speed Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (rev/min) | (kgf-m) | (N-m) | (kW) T(K) | P (kPa) avg Exhaust | Qil Water | Intake | Fuel (cm) Density
1 2539 0.012 | 0.12 | 0.031 | 309.4 | 101.5 | 0.1688 219 96.3 | 69.8 40.6 - 314 0.13
2 2521 1.576 | 15.46 | 4.082 | 310.0 | 101.5 0.3547 337 96.8 98.8 45.4 - 31.0 1.25
3 2479 3.083 | 30.25 | 7.852 | 3094 | 101.5 | 0.5691 487 98.0 | 99.1 46.6 - 30.6 1.26
4 2446 3.507 | 34.41 | 8.814 | 309.7 | 101.5 0.6223 538 1059 | 979 46.3 - 30.3 1.05
5 2402 3.968 | 38.93 | 9.791 | 309.2 | 101.4 | 0.7096 600 108.5 | 97.3 46.2 - 29.7 1.46
6 2300 4112 | 40.33 | 9.713 | 308.4 101.4 0.7081 607 109.4 | 97.6 35.2 - 28.6 1.59
7 2198 4.291 | 42.09 | 9.691 | 308.7 | 101.4 | 0.6996 613 1104 | 97.2 46.5 - 27.3 1.74
8 2002 4575 | 44.88 | 9.410 | 307.9 101.4 0.6848 617 110.8 | 97.3 46.9 - 25.3 1.86
9 1799 4810 | 47.19 | 8.888 | 307.8 | 1014 | 0.6530 610 109.9 | 99.4 47.5 - 23.5 2.27
10 1602 4918 | 48.25 | 8.093 | 307.1 101.4 0.5980 591 107.8 | 99.2 34.8 - 18.1 2.78
11 1402 4863 | 47.71 | 7.004 | 306.7 | 101.4 | 0.5482 569 1054 | 99.0 47.5 - 14.4 3.61
12 1207 4.751 | 46.61 | 5.893 | 308.6 | 101.4 0.4773 541 103.9.| 98.6 45.6 - 13.2 4.00
13 1008 4.757 | 46.67 | 4.925 | 308.3"| 101.4 | 0.4069 508 101.8 | 97.2 46.3 - 10.7 4.04
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FN99% A-18  dayaNIImMARELANTIOUY LAFENEUARIMTLNAALANNLNNUALETNNUL N ANTe B

NUAETNTUALTA NAUNIINAGDLANNNUNIY AN19ZNNTTUNEIN 7 1200 rev/min

Data Torque Power Ambient FC (g/s) Temperature (°C) P. orifice | Smoke
No. | (kgf-m) | (N-m) | (kW) | T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.003 | 0.03 | 0.003 | 308.1 | 101.4 | 0.0584 109 56.7 57.8 35.0 - 14.8 0.05
2 0.500 | 4.91 | 0.616 | 308.2 | 101.3 | 0.0864 151 60.2 63.0 40.2 - 14.0 0.30
3 1.004 | 9.85 | 1.234 | 308.3 | 101.3 | 0.1152 187 65.6 68.5 40.9 - 14.0 0.42
4 1498 | 14.70 | 1.838 | 308.3 | 101.3 0.1426 220 68.2 71.6 40.2 - 13.9 0.29
5 2.010 | 19.72 | 2.479 | 3084 | 101.3 | 0.1736 261 72.3 73.1 41.8 - 13.9 0.34
6 2505 | 24.57 | 3.080 | 308.6 | 101.3 | 0.2063 304 74.8 77.0 41.7 - 13.7 0.61
7 3.009 | 29.52 | 3.708 | 308.6 | 101.3 | 0.2425 349 Lch 801 43.6 - 13.5 0.72
8 3.505 | 34.38 | 4.321 | 308.7 | 101.3 | 0.2840 400 83.5 84.5 43.2 - 13.3 1.18
9 4.011 | 39.34 | 4956 | 308.7 | 101.3 | 0.3397 454 84.5 90.4 44.0 - 13.3 2.83
10 4509 | 44.23 | 5532 | 308.6 |- 101.3 | 0.4097 520 90.0 97.1 46.0 - 13.1 3.68
11 4.694 | 46.05 | 5.778 | 308.6.| 101.3 /| 0.5000 528 90.9 97.4 46.7 - 33.1 5.52
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FNINT A-19  dayANIIMARBLANTIOUY LATENEUARIMTLNAARLANNLYWALtTNTWL N ANTe B Y

NUAELNTUALTA NAUNINAGDLAMNNLNIY 4N19EN1TZUWNE 71 1400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 307.8 | 101.2 | 0.0665 119 622 | 63.2 | 402 - 17.3 0.38
2 0.500 4.91 0.719 | 307.7 | 101.2 | 0.0988 152 67.7 66.2 38.6 - 15.7 0.15
3 1.006 | 9.87 | 1.445 | 307.7 | 101.2 | 0.1349 193 67.8 | 68.8 | 38.1 - 15.2 0.23
4 1.508 14.79 | 2171 | 3076 | 101.2 | 0.1685 230 73.7 70.3 38.2 - 15.2 0.28
5 1.998 | 19.60 | 2.872 | 307.5 | 101.2 | 0.2038 273 745 | 73.0 38.6 - 15.2 0.34
6 2512 | 2464 | 3.603 | 307.5 | 101.2 | 0.2399 314 77.6 75.5 39.0 - 15.1 0.35
7 3.007 | 29.50 | 4.317 | 307.4 | 101.2 | 0.2777 356 81.9 { 789 | 397 - 15.0 0.37
8 3.508 | 34.42 | 5.039 | 307.4| 101.2 | 0.3176 398 83.7 81.4 40.0 - 14.9 0.42
9 4.010 | 39.34 | 5778 | 307.2 | 101.2 | 0.3639 445 86.8 | 854 | 41.3 - 14.8 0.67
10 4508 | 44.23 | 6.485 | 306.9 | 101.2 | 0.4251 509 91.8 88.8 42.3 - 14.8 1.77
11 4831 | 47.39 | 6.908 | 306.7 | 101.2 /| 0.5759 554 939 | 925 | 432 - 14.5 5.31
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P99 A-20  dRANIMARBLANIIOUY LATENEUARIMTLNAARLANNLWALTNTUL N ANTe B Y

NUAELNTUALTA NAUNIINAGDLAMNNLNIY AN19EN1TZUNE 71 1600 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 306.1 | 101.2 | 0.0828 130 67.7 | 66.1 39.3 - 13.6 0.04
2 0.498 | 4.89 | 0.819 | 306.1 | 101.2 | 0.1190 162 69.5 | 68.6 | 385 - 14.5 0.14
3 1.007 | 9.88 | 1.653 | 306.2 | 101.2 | 0.1578 201 747 | 71.0 38.0 - 14.6 0.19
4 1.502 14.73 | 2468 | 306.3 | 101.2 | 0.1960 241 78.2 741 38.1 - 14.6 0.35
5 2.000 | 19.62 | 3.287 | 306.4 | 101.2 | 0.2381 282 823 | 766 | 384 - 14.6 0.47
6 2510 | 2462 | 4120 | 306.5 | 101.2 | 0.2822 384 83.9 79.1 39.3 - 14.7 0.65
7 3.006 | 29.48 | 4.938 | 306.6 | 101.2 | 0.3256 376 86.0 { 826 | 40.0 - 14.7 0.55
8 3.509 | 3442 | 5755 | 306.7| 101.2 | 0.3702 419 90.5 85.1 40.4 - 14.7 0.50
9 4.013 | 39.37 | 6.579 | 306.8 | 101.2 | 0.4191 467 92.7 | 89.7 | 409 - 14.7 0.53
10 4507 | 44.21 | 7.402 | 307.0 | 101.2 | 0.4855 529 96.9 93.6 41.7 - 14.7 1.16
11 4913 | 48.19 | 8.052 [ .307.1'| 101.2 | 0.6307 579 99.9 | 959 | 433 - 14.7 4.47
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v‘hmumﬂmﬁuﬁm AAUNIINAZAL AYINNUNTL mqumi:mm'quﬁ' 1800 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 307.0 | 101.2 | 0.0944 141 70.8 | 69.7 | 41.2 - 21.8 0.02
2 0.501 4.92 0.925 | 307.1 | 101.2 | 0.1369 il'7% 741 72.4 39.6 - 21.7 0.28
3 1.002 | 9.83 | 1.849 | 307.1 | 101.2 | 0.1796 213 78.0 | 746 | 388 - 21.7 0.17
4 1.503 14.74 | 2.780 | 307.1 | 101.2 | 0.2260 253 79.3 79.2 38.7 - 21.7 0.22
5 2.008 | 19.70 | 3.708 | 307.1 | 101.2 | 0.2714 297 844 | 809 | 389 - 211 0.30
6 2512 | 2464 | 4629 | 307.0 | 101.2 | 0.3194 344 86.0 81.6 39.0 - 20.9 0.35
7 3.011 | 29.54 | 5573 | 307.2 | 101.2 | 0.3780 396 90.9 | 86.5 | 39.7 - 20.6 0.88
8 3.511 34.44 | 6.492 | 307.3| 101.2 | 0.4340 449 92.2 94.4 40.1 - 20.4 1.35
9 4.016 | 39.40 | 7.415 | 307.3 | 101.2 | 0.4995 506 964 | 946 | 404 - 20.1 1.55
10 4519 | 44.33 | 8.375 | 307.5 | 101.2 | 0.5867 574 99.2 98.4 41.1 - 19.9 2.93
11 4.796 | 47.05 | 8.875 | 307.8 | 101.2 | 0.6827 602 101.0 | 98.8 | 421 - 19.6 4.40
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FNINT A-22  dRANIIMARBLANIIOUY LATENEUARMTLNAARLANNLWALETNTWL N AuTe Y

NUAELNTUALTA NAUNINAGDLAMNNLNIY 4N19EN1TZUNE 71 2000 rev/min

Data Torque Power Ambient FC (g/s) Temperature (°C) P. orifice Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Oil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 307.5 | 101.2 | 0.1130 157 741 72.3 | 40.2 - 24.3 0.03
2 0.502 4.92 1.032 | 307.5 | 101.2 | 0.1591 193 7.2 74.5 39.4 - 24.3 0.17
3 1.003 | 9.84 | 2.058 | 307.5 | 101.2 | 0.2057 232 812 | 77.0 | 39.0 - 24.3 0.28
4 1.498 14.70 | 3.081 | 307.6 | 101.2 | 0.2567 272 84.1 80.0 39.0 - 24.3 0.27
5 1.998 | 19.60 | 4.092 | 307.4 | 101.2 | 0.3041 314 85,5 | 84.7 | 39.1 - 24.3 0.20
6 2507 | 2460 | 5141 | 307.4 | 101.2 | 0.3599 362 90.4 86.8 39.3 - 24.3 0.37
7 3.012 | 29.55 | 6.167 | 307.5 | -101.2 | 0.4176 414 944 |-87.8 | 3938 - 24.3 0.43
8 3.509 | 3442 | 7.208 | 307.5 | 101.2 | 0.4850 471 96.4 93.0 40.2 - 24.3 0.70
9 4.030 | 39.53 | 8.277 | 307.7 | 101.2 | 0.5660 540 100.8 | 99.4 | 40.8 - 24.3 1.39
10 4507 | 4421 | 9.256 | 307.7 | 101.2 | 0.6931 621 104.5 | 100.8 | 41.5 - 24.3 3.13
11 4561 | 4474 | 9.362 | 307.9 | 101.2.| 0.7130 628 106.5 | 100.7 | 425 - 23.9 4.30
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P99 A-23  dRyANIIMARBLANIIOUY LATENEUARIMTLNAARLANNUWALTNTUL N ANTe Y

NUAELNTUALTA NAUNINAGDLAMNNLNIY AN19EN1TZUNE 71 2200 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.006 | 0.06 | 0.014 | 307.6 | 101.2 | 0.1335 176 776 | 739 | 413 - 28.1 0.06
2 0.505 4.95 1.139 | 307.8 | 101.2 | 0.1855 214 81.9 77.6 39.9 - 28.1 0.18
3 0.999 | 9.80 | 2.260 | 307.8 | 101.2 | 0.2382 256 83.9 | 79.7 | 394 - 28.1 0.25
4 1.500 14.71 | 3.385 | 307.8 | 101.2 | 0.2915 297 91.1 81.3 39.4 - 28.1 0.21
5 2.006 | 19.68 | 4.533 | 307.9 | 101.2 | 0.3469 341 923 | 845 | 3938 - 28.1 0.21
6 2507 | 2459 | 5659 | 308.1 | 101.2 | 0.4081 391 96.2 | 915 | 403 - 28.1 0.32
7 3.008 | 29.50 | 6.771 | 308.2 | 101.2 | 0.4708 445 100.3 { 91.5 | 40.8 - 28.1 0.59
8 3.504 | 3437 | 7.919 | 308.4 | 101.2 | 0.5487 507 1025 | 943 41.9 - 28.1 0.93
9 4.012 | 39.36 | 9.040 | 308.5 | 101.2 | 0.6468 582 108.3 | 99.8 | 421 - 28.1 1.99
10 4284 | 42.03 | 9.674 | 308.7 | 101.2 | 0.7299 629 107.3 | 102.0 | 42.8 - 27.9 3.42
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FNINT A-24  dRYANIIMARBLANTIOUY LATENEUARIMTLNAABLANNUYWALtTNTUL N ANTe LAY

NUAELNTUALTA NAUNIINAGDLAMNNLNIY AN19EN1TZUWNE 71 2400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 308.8 | 101.83 | 0.1553 200 834 | 753 | 439 - 26.2 0.06
2 0.503 4.93 1.238 | 308.7 | 101.3 | 0.2117 241 85.6 76.7 42.8 - 27.4 0.11
3 1.006 | 9.87 | 2.479 | 308.8 | 101.3 | 0.2685 283 904 | 789 | 421 - 27.7 0.27
4 1.499 14.71 | 3.683 | 308.8 | 101.3 | 0.3266 324 93.6 82.4 41.9 - 27.8 0.29
5 2.004 | 19.66 | 4.941 | 308.8 | 101.3 | 0.3911 373 96.6 | 84.3 | 421 - 28.1 0.35
6 2.508 | 24.60 | 6.185 | 308.9 | 101.3 | 0.4589 422 1014 | 88.8 | 421 - 28.1 0.56
7 3.010 | 29.53 | 7.422 | 309.0 | 101.3 | 0.5372 484 103.9 { 92.1 42.6 - 28.1 1.09
8 3.516 | 34.49 | 8.662 | 309.1 | 101.3 | 0.6287 550 1066 | 929 | 36.0 - 28.2 217
9 3.904 | 38.30 | 9.611 | 309.2 | 101.3 | 0.7277 612 109.6 | 96.6 | 43.7 - 28.2 3.22
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P97 A-25  dRyANIIMARBLANIIOUY LATENEUARIMTLNAALANNLVNUALeTNNUL AN Te A EY

N9UAELNTUL AN TeIAY NAUNINAFALAMNNUNIU AN1IZNTZAIAR

308

Data | Speed Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (rev/min) | (kgf-m) | (N-m) | (kW) T(K) | P (kPa) avg Exhaust | Qil Water | Intake | Fuel (cm) Density
1 2544 0.007 | 0.07 | 0.020 | 305.0 | 101.6 | 0.2083 215 90.2 | 705 35.9 - 29.0 0.08
2 2505 2.584 | 25.35 | 6.648 | 306.2 | 101.6 | 0.5724 461 101.4 | 83.5 38.8 - 29.3 0.33
3 2446 3.733 | 36.62 | 9.382 | 306.8 | 101.6 | 0.8634 640 108.7 | 94.0 40.9 - 29.3 1.70
4 2399 3.791 | 37.19 | 9.341 | 306.7 | 101.6 | 0.8080 638 1126 | 95.0 41.3 - 29.3 1.94
5 2299 3.941 | 38.66 | 9.309 | 306.4 | 101.5 | 0.8061 640 1154 | 94.8 41.5 - 29.2 2.09
6 2245 4159 | 40.79 | 9.591 | 3014 101.4 0.8109 634 110.0 | 925 38.2 - 28.6 1.79
7 2199 4230 | 4150 | 9.558 | 301.7 | 101.4 | 0.7987 638 109.9 | 92.6 38.4 - 28.1 1.94
8 2095 4417 | 43.33 | 9.507 | 301.9 | 1014 | 0.8182 646 105.8 | 96.2 384 - 25.8 2.61
9 1996 4523 | 4437 | 9.274 | 303.3 | 101.2 | 0.7936 645 107.8 | 98.8 43.5 - 24.2 2.68
10 1799 4696 | 46.07 | 8.680 | 303.2 | 101.2 | 0.7603 632 108.2 | 99.0 44.6 - 19.8 3.43
11 1599 4826 | 47.35 | 7.929 | 3044 | 101.2 | 0.7238 606 1021 | 97.9 44.6 - 15.9 4.31
12 1401 4885 | 47.92 | 7.029 | 303.9 | 101.3 0.6448 573 99.4 97.0 451 - 14.4 4.69
13 1206 4846 | 47.54 | 6.006 [ 3052 | 101.3 | 0.5550 545 956 | 98.4 48.0 - 12.6 4.79
14 983 4703 | 46.14 | 4.751 | 305.7 101.3 0.4091 495 93.2 98.1 49.9 - 10.2 4.96

80¢



P9I A-26  dRANIIMARBLANTIOUY LATENEUARIMTLNAALANNUNNUALETNNUL AN Te B

NaUAEIN UL AN TeLAY NAKNNINAFEALAMNNUNIU 4N19ZNTZLINEU 1 1200 rev/min

Data Torque Power Ambient FC(g/s) Temperature (°C) P. orifice | Smoke
No. | (kgf-m) | (N-m) | (kW) | T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.002 | 0.02 | 0.002 | 306.6 | 101.5 | 0.0767 108 62.6 62.8 39.9 - 13.7 0.09
2 0.498 4.88 0.613 | 306.6 | 101.5 0.1252 144 64.1 064.7 40.2 - 13.6 0.24
3 1.003 | 9.84 | 1.233 | 306.6 | 101.5 | 0.1425 184 66.4 67.4 41.2 - 13.5 0.23
4 1.502 | 14.74 | 1.852 | 305.8 | 101.5 0.1741 222 68.9 69.6 414 - 13.3 0.24
5 2.006 | 19.68 | 2.468 | 305.6 | 101.6 | 0.2010 263 69.7 71.3 41.4 - 13.2 0.35
6 2507 | 24.60 | 3.091 | 3054 | 101.5 0.2614 300 71.6 74.9 421 - 13.2 0.42
7 3.011 | 29.54 | 3.712 | 3054 | 101.5 | 0.2875 340 74.0 78.0 42.9 - 13.1 0.52
8 3.513 | 34.47 | 4.325 | 305.6 | 1015 | 0.3197 381 76.2 82.0 441 - 13.0 0.59
9 4.003 | 39.27 | 4916 | 305.6 | 101.6 | 0.3768 431 79.1 87.8 45.1 - 12.9 1.05
10 4510 | 4424 | 5555 | 305.8 | . 101.6 0.4311 504 82.6 95.1 46.4 - 12.8 1.78
11 4.939 | 48.46 | 6.051 | 305.7.| 101.6 | 0.5500 551 85.5 | 101.27| 47.0 - 12.2 4.86
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P9 A-27  dRANIIMARBLANIIOUY LATENEUARIMTLNAARLANNLWALETNTUL N AuTe LAY

NMaUAEI UL AN TeLaY NAKNNINAFBLAMNUNUNIU 4N19ZATZLNNEU A1 1400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 309.4 | 101.6 | 0.0886 120 675 | 61.5 | 40.0 - 15.7 0.13
2 0.499 4.90 0.717 | 3094 | 101.6 | 0.1302 158 68.5 63.5 40.2 - 15.6 0.27
3 1.004 | 9.85 | 1.445 | 309.7 | 101.6 | 0.1569 200 709 | 665 | 41.3 - 15.3 0.24
4 1.504 14.75 | 2164 | 309.5 | 101.6 | 0.1960 240 72.5 68.3 41.5 - 15.2 0.23
5 2.004 | 19.66 | 2.888 | 309.7 | 101.6 | 0.2434 281 744 | 705 | 419 - 15.0 0.30
6 2507 | 2459 | 3.591 | 309.6 | 101.6 | 0.2830 322 76.2 73.7 421 - 15.0 0.30
7 3.008 | 29.51 | 4.330 | 309.9 | 101.6 | 0.3326 368 786 | 76.5 | 431 - 14.9 0.47
8 3.504 | 34.37 | 5.040 | 309.7-{ 101.5 | 0.3679 413 809 | 794 | 436 - 14.9 0.52
9 4.008 | 39.32 | 5750 | 309.8 | 101.5 | 0.4387 464 834 | 83.1 44.5 - 14.9 1.00
10 4503 | 4418 | 6.483 | 309.6 | 101.5 | 0.5175 540 86.2 86.9 45.1 - 14.7 2.39
11 4868 | 47.75 | 6.995 [ 309.5 | 101.5 | 0.6310 582 88.8 | 909 | 456 - 14.7 4.96
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P99 A28 dRANIINARBLANIIOUY LATENEUARIMTLNAABLANNLYWALETNTUL N AuTe LAY

NaUAEINTUL AN TeIAY NAKNNINAFBLAMNNUNIU 4N19ZATZLNNEU A1 1600 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.009 | 0.09 | 0.015 | 305.5 | 101.5 | 0.1036 129 725 | 64.1 37.2 - 18.0 0.19
2 0.500 | 4.90 | 0.820 | 305.8 | 101.5 | 0.1403 164 73.1 66.3 37.3 - 18.0 0.14
3 1.004 | 9.85 | 1.644 | 3059 | 101.5 | 0.1989 208 743 | 689 | 376 - 18.0 0.25
4 1.502 14.74 | 2461 | 305.8 | 101.5 | 0.2408 250 76.0 71.9 38.0 - 18.1 0.25
5 2.001 | 19.63 | 3.284 | 306.0 | 101.5 | 0.2789 293 775 | 743 38.3 - 18.0 0.36
6 2506 | 2458 | 4121 | 306.5 | 101.5 | 0.3303 337 79.1 77.3 39.7 - 18.0 0.30
7 3.010 | 29.52 | 4.930 | 306.8 | 101.4 | 0.3727 381 80.9 | 80.3 | 40.7 - 18.0 0.38
8 3.507 | 34.40 | 5773 | 306.9 | 101.4 | 0.4331 429 828 | 835 | 413 - 18.0 0.65
9 4.004 | 39.28 | 6.579 | 307.2 | 101.4 | 0.5030 483 86.2 | 87.3 | 423 - 18.0 0.91
10 4506 | 4420 | 7.398 | 307.6 | 101.4 | 0.5755 562 89.1 919 | 436 - 18.0 2.00
11 4871 | 47.79 | 7.998 [ 307.9 | 101.4 | 0.7002 615 92.0 | 945 | 442 - 18.0 4.27
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P9I A-29  dRyANIMARBLANTIOUY LATENEUARIMTLNAABLANNLYWALtTNTTUL NANTe LB

NaUAEINTUL AN TeLAY NAKNNINAFBLAMNNNUNIU 4N19ZATZLNNEU 71 1800 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 308.5| 1014 | 0.1210 143 744 | 675 | 398 - 19.6 0.21
2 0.499 4.90 0.921 | 309.0 | 1014 | 0.1690 181 77.2 70.2 40.6 - 19.6 0.22
3 1.002 | 9.83 | 1.851 | 309.5 | 1014 | 0.2126 223 794 | 733 | 411 - 19.7 0.25
4 1.500 14.72 | 2.767 | 309.4 | 101.3 | 0.2639 266 82.9 76.5 41.9 - 19.7 0.34
5 2.005 | 19.66 | 3.704 | 309.3 | 101.4 | 0.3215 312 85.8 | 79.1 42.0 - 19.7 0.28
6 2503 | 2456 | 4619 | 309.3 | 101.4 | 0.3720 359 88.1 79.7 42.3 - 19.7 0.29
7 3.012 | 29.54 | 5562 | 309.3 | 101.4 | 0.4279 406 89.8 | 849 | 431 - 19.6 0.37
8 3.509 | 3442 | 6.472 | 309.3| 101.4 | 0.4937 461 92.8 91.9 43.9 - 19.6 0.48
9 4.004 | 39.28 | 7.383 | 309.3 | 101.4 | 0.5706 520 955 | 924 | 444 - 19.6 0.72
10 4498 | 4412 | 8.297 | 309.3 | 1014 | 0.6721 607 97.8 96.6 455 - 19.6 2.46
11 4.733 | 46.44 | 8.744 | 309.2 | 101.4 | 0.7605 642 100.1 | 96.7 | 457 - 19.5 4.18
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P399 A-30  dRyANIMARBLANTIOUY LATENEUARMTLNAABLAENLYIWALTNTUL AN e EY

NaUAEINTUL AN TeIaY NAKNNINAFBLAMNUNUNIU 4N19ZNTZLNNEU 71 2000 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 308.4 | 101.4 | 0.1392 159 80.3 | 70.6 | 405 - 21.4 0.18
2 0.497 4.87 1.019 | 3084 | 101.4 | 0.1937 196 82.1 72.0 40.8 - 21.4 0.18
3 1.001 9.82 | 2.048 | 3085 | 1014 | 0.2422 237 83.8 | 745 | 409 - 21.4 0.19
4 1.498 14.70 | 3.074 | 308.8 | 101.4 | 0.3052 282 86.4 78.2 41.7 - 21.4 0.21
5 2.008 | 19.70 | 4125 | 309.2 | 101.5 | 0.3653 331 89.4 | 819 | 423 - 21.5 0.24
6 2508 | 24.60 | 5146 | 309.4 | 101.5 | 0.4115 379 91.7 84.7 42.6 - 21.4 0.27
7 3.010 | 29.53 | 6.182 | 309.5 | 101.5 | 0.4818 428 94.7 | 925 | 43.0 - 21.4 0.43
8 3.503 | 34.36 | 7.189 | 309.8 | 101.5 | 0.5741 483 969 | 926 | 439 - 214 0.48
9 3.995 | 39.19 | 8217 | 309.9 | 101.5 | 0.6452 550 985 | 933 | 444 - 21.4 1.11
10 4498 | 4413 | 9.241 | 310.3 | 101.5 | 0.7631 637 101.2 | 98.0 45.7 - 21.4 2.61
11 4606 | 4518 | 9.454 | 310.5 | 101.5 | 0.7843 653 102.7 | 98.6 | 46.1 - 23.0 3.32
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A9 A-31

TANANIINAFALANIINUL LATALUFRIMTLNARDLAINNUN U EINT WL E N TR IR

a
¥

v
°

ndulandun NauN1INALBLANNNLNIL 4N19ZN192L9dIU 71 2200 rev/min

NNIUAINT

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.003 0.03 0.007 | 309.3 | 101.6 | 0.1612 177 84.4 73.9 43.8 - 27.4 0.20
2 0.497 4.88 1.120 | 309.5 | 101.6 | 0.2192 214 85.7 75.6 42.2 - 27.4 0.19
3 1.003 9.84 2.267 | 309.9 | 101.6 | 0.2730 258 88.6 77.6 42.8 - 27.4 0.23
4 1.502 14.74 | 3.394 | 310.0 | 101.6 | 0.3435 303 90.3 79.6 43.2 - 27.4 0.21
5 2.005 | 19.67 | 4.526 | 310.0 | 101.6 | 0.4005 350 92.3 82.5 43.3 - 27.4 0.28
6 2509 | 2461 | 5.669 | 310.0 | 101.6 | 0.4640 403 95.7 89.0 43.5 - 27.4 0.24
7 3.007 | 29.50 | 6.783 | 309.9 | 101.6 | 0.5557 455 99.2 89.9 43.5 - 27.4 0.46
8 3.507 | 34.40 | 7.909 | 310.0-| 101.6 | 0.6338 518 101.0 | 924 43.7 - 27.4 0.69
9 4.008 | 39.32 | 9.037 | 310.2 | 101.6 | 0.7301 593 103.2 | 97.3 44 1 - 27.4 1.21
10 4305 | 42.23 | 9.717 | 310.2 | 101.6 | 0.8274 656 105.0 | 100.3 | 44.3 - 259 2.63
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P97 A-32  dRyANIIMARBLANIIOUY LATENEUARIMTLNAARLANNLWALTNTUL N AuTe Y

NMaUAeIN UL AN TeLa8Y NAKNNINAFBLAMNNNUNIU 4N19ZATZLNNEU 71 2400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.003 | 0.03 | 0.008 | 308.6 | 101.7 | 0.1912 200 876 | 732 | 411 - 26.9 0.31
2 0.504 4.95 1.243 | 308.5 | 101.7 | 0.2522 241 89.4 74.8 41.3 - 27.4 0.25
3 0.999 | 9.80 | 2.463 | 308.4 | 101.7 | 0.3132 284 920 | 773 | 41.3 - 27.4 0.24
4 1.499 14.71 | 3.691 | 3085 | 101.8 | 0.3820 332 94.4 80.8 42.0 - 27.5 0.29
5 2.005 | 19.67 | 4.938 | 308.6 | 101.8 | 0.4533 384 96.0 | 828 | 424 - 27.6 0.33
6 2509 | 24.61 | 6.186 | 308.7 | 101.8 | 0.5289 437 97.8 | 86.1 42.8 - 27.6 0.30
7 3.005 | 29.48 | 7.402 | 308.6 | 101.8 | 0.6081 495 101.8 { 90.3 | 431 - 27.6 0.35
8 3.507 | 34.40 | 8.639 | 308.8 | 101.8 | 0.7306 574 1039 | 91.2 | 434 - 27.6 0.88
9 3.886 | 38.12 | 9.562 | 308.6 | 101.8 | 0.8048 641 105.3 | 94.5 | 44.0 - 27.7 1.94
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FIN3NT A-33  dayaN1INARELANIIOUY LATENEUAAIUTLNAABLIAINNUNIWAYLILNT WA

AL NUAETNTULNANAL VAINIINARBLAINNUNIU ANIIZANTZAIEA

316

Data Speed | Torque | Torque | Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. (rev/min) | (kgf-m) | (N-m) (kW) T(K) | P(kPa) avg Exhaust Oil Water | Intake | Fuel (cm) Density
1 2579 0.000 0.00 0.000 | 306.0 101.8 0.2527 264 106.6 87.6 32.9 57.6 23.2 0.83
2 2498 2.571 25.22 | 6.598 | 306.5 101.8 0.6105 556 111.0 91.8 33.3 57.9 241 0.82
3 2445 3.006 2949 | 7.552 | 306.4 101.8 0.7276 627 110.0 93.0 33.2 57.5 241 1.05
4 2398 3.110 30.51 7.660 | 306.5 101.8 0.7327 620 106.8 88.2 33.3 56.4 24.0 1.1
5 2299 3.177 31.17 | 7.505 | 306.4 101.8 0.6882 605 111.8 93.3 33.3 57.8 24.2 1.16
6 2247 3.256 3194 | 7517 | 306.6 101.8 0.6608 601 111.7 941 33.4 58.8 241 1.31
7 2197 3.333 32.70 | 7.524 | 307.3 101.7 0.7246 605 107.3 91.8 34.1 53.9 23.2 1.24
8 2100 3.488 3422 | 7.525 | 306.5 101.8 0.6802 0606 111.3 941 33.3 59.7 22.4 1.63
9 1999 3.740 36.69 | 7.678 | 307.9 101.7 0.7299 639 109.3 92.2 34.7 54.5 20.8 1.91
10 1797 4.012 39.36 | 7.407 | 307.3 101.8 0.6671 630 105.7 91.7 34.1 54.3 18.0 2.71
11 1599 4.241 4160 | 6.967 | 308.6 102.0 0.6750 618 99.0 89.6 35.4 55.5 15.6 2.74
12 1403 4.365 42.82 | 6.293 | 308.6 1021 0.5820 587 96.9 89.0 354 556.9 141 3.07
13 1203 4.461 43.76 | 5.512 | 305.3 102.2 0.5271 570 88.4 87.8 32.1 50.8 12.3 3.67
14 997 4.148 40.69 | 4.248 | 306.3 101.8 0.4141 529 85.3 85.3 33.2 62.3 10.1 3.44
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FN99% A-34  TRANIINARBLANTIOUY LATENEURAMTLNAABLANNUYIWAYTNTWL NANAL

NUAEINTULNANAL VAINITNALRUAINNUNNY ANNIZNN92L9E91 71 1200 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) | T(K) | P (kPa) avg Exhaust | Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 302.6 | 102.2 | 0.0852 122 635 | 60.3 | 294 | 411 13.5 0.30
2 0.503 | 4.93 | 0.622 | 303.4 | 102.2 | 0.1368 166 652 | 62.8 | 30.2 | 424 13.3 0.68
3 1.007 | 9.88 | 1.240 | 304.1 | 102.2 | 0.1523 214 67.5 | 65.9 31.0 | 43.7 13.2 0.94
4 1.505 14.76 | 1.855 | 304.3 | 102.2 | 0.1930 251 09.2 68.2 31.2 | 44.2 12.9 0.85
5 2.006 | 19.68 | 2.477 | 304.4 | 102.2 | 0.2115 294 70.9 | 70.1 31.3 | 445 12.8 0.77
6 2499 | 2452 | 3.080 | 304.1 | 102.2 | 0.2632 332 73.7 73.0 31.0 | 447 12.7 0.83
7 3.007 | 29.49 | 3.711 | 304.4 | 102.2 | 0.2998 380 75.8- | 75.7 312 | 454 12.5 1.07
8 3.508 | 34.41 | 4.330 | 304.6| 102.2 | 0.3532 437 78.2 79.4 31.5 | 46.5 12.4 1.50
9 4.008 | 39.32 | 4.941 | 304.9 | 102.2 | 0.4221 505 81.2 | 84.0 31.8 | 47.8 12.3 2.60
10 4.461 43.76 | 5.512 | 305.3 | 102.2 | 0.5271 570 88.4 87.8 321 50.8 12.3 3.67
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P97 A-35  TRANINARBLANIIOUY LATENEURRMTLNAABLANNUYIWAYTNTWL NANAL

NUAEINTULNANAL VAINITNALDUAINNUNNY ANNIZNN92U9E1 71 1400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 307.1 | 102.2 | 0.0701 135 70.8 | 65.7 | 339 | 458 13.5 0.47
2 0.496 4.87 0.714 | 307.8 | 102.2 | 0.1240 176 71.7 67.7 346 | 46.6 13.5 0.31
3 1.002 | 9.83 | 1.439 | 307.7 | 102.2 | 0.1640 225 727 | 683 | 345 | 471 13.5 0.67
4 1.501 14.73 | 2156 | 307.6 | 102.2 | 0.2003 275 74.7 71.6 344 | 474 13.5 1.14
5 2.001 | 19.63 | 2.872 | 308.1 | 102.2 | 0.2483 319 76.6 | 74.1 35.0 | 48.3 13.6 1.14
6 2506 | 24.58 | 3.598 | 307.9 | 102.2 | 0.3011 368 79.2 77.0 34.8 | 48.9 13.4 1.22
7 3.007 | 29.50 | 4.320 | 308.2 | 102.1 | 0.3275 413 81.7 { 795 | 35.0 | 499 13.4 1.31
8 3.505 | 34.38 | 5.025 | 308.5 | 102.1 | 0.4150 467 844 | 818 | 353 | 51.1 13.5 1.41
9 4.009 | 39.33 | 5779 | 308.8 | 102.1 | 0.4455 522 87.6 | 853 | 356 |524 13.5 1.95
10 4.365 | 42.82 | 6.293 | 308.6 | 102.1 | 0.5820 587 96.9 | 89.0 354 | 559 14.1 3.07
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FN9NT A-36  TRANINARBLANIIOUY LATENEUARMTLNAABLANNUYIWAYTNTWL NANAL

NUAETNTULNANAL VAINITNAKDUAINNUNNY ANNIZNN92L9E91 7 1600 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 308.6 | 102.1 | 0.1193 147 794 | 689 | 355 | 489 15.7 0.38
2 0.501 4.91 0.821 | 308.3 | 102.1 0.1494 il 91 79.8 69.7 351 | 48.8 15.7 0.35
3 1.004 | 9.85 | 1.649 | 308.3 | 102.1 | 0.2024 233 80.7 | 716 | 352 | 489 15.7 0.59
4 1.506 14.77 | 2470 | 307.9 | 102.0 | 0.2498 287 82.3 74.0 34.7 | 48.5 15.7 0.78
5 2.001 | 19.63 | 3.282 | 308.0 | 102.0 | 0.3189 339 84.1 75.9 | 34.8 | 489 15.7 1.31
6 2506 | 2458 | 4.108 | 308.4 | 102.0 | 0.3844 395 86.9 | 794 | 353 |50.2 15.7 1.42
7 3.007 | 29.50 | 4.924 | 308.2 | 102.0 | 0.4309 455 89.0 { 814 | 351 |51.0 15.7 1.68
8 3.503 | 34.36 | 5.744 | 307.9| 102.0 | 0.4728 520 91.5 83.5 34.7 | 51.7 15.6 1.73
9 4.009 | 39.33 | 6.578 | 308.2 | 102.0 | 0.5682 585 95.0 | 874 | 351 | 532 15.5 2.19
10 4241 | 4160 | 6.967 | 308.6 | 102.0 | 0.6750 618 99.0 | 896 | 354 |555 15.6 2.74
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R399 A-37  dRyANIMARBLANIIOUY LATENEUARMTLNAABLANNUYNWAYTNTWL NANAL

NUAETNTULNANAL VAINITNAKDUAINNUNNY ANNIZNN92L9E91 71 1800 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 307.1 | 102.0 | 0.1354 170 823 | 678 | 34.0 |474 16.0 0.20
2 0.499 4.90 0.920 | 307.5 | 101.9 | 0.2047 214 84.1 71.0 34.4 | 48.0 16.2 0.54
3 1.002 | 9.83 | 1.849 | 307.7 | 101.9 | 0.2363 259 85.8 | 73.0 345 | 484 16.2 0.45
4 1.505 14.77 | 2777 | 307.1 | 101.9 | 0.2999 302 88.2 75.6 339 | 48.6 16.2 0.43
5 2.003 | 19.65 | 3.699 | 307.1 | 101.9 | 0.3647 358 90.7 | 78.1 34.0 | 494 16.2 0.60
6 2506 | 2458 | 4629 | 3075 | 101.9 | 0.4231 424 93.0 80.3 34.4 | 50.5 16.2 1.57
7 3.001 | 29.44 | 5532 | 307.7 | 101.8 | 0.4981 497 96.1 84.2 346 | 522 16.2 2.18
8 3.506 | 34.39 | 6.494 | 307.5 | 101.8 | 0.5677 576 99.0 | 87.5 | 344 | 530 16.2 219
9 4.006 | 39.30 | 7.419 | 307.5 | 101.8 | 0.6925 636 103.3 | 928 | 344 |54.2 16.2 2.63
10 4.012 | 39.36 | 7.407 | 307.3 | 101.8 | 0.6671 630 105.7 | 91.7 34.1 54.3 18.0 2.71
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FN99% A-38  TRANINAABLANIIOUY LATENEUARMTLNAABLANNUYIWAYTNTWL NANAL

NUAEINTULNANAL MAINITNALDUAINNUNNY ANNIZNN92LE91 71 2000 rev/min

Data Torque Power Ambient FC (g/s) Temperature (°C) P. orifice Smoke
No. | (kgf-m) | (N-m) (kW) | T(K) | P (kPa) avg Exhaust | Qil Water | Intake | Fuel (cm) Density
1 0.004 | 0.04 | 0.008 | 306.8 | 101.8 | 0.1739 190 87.0 | 69.7 | 336 |474 18.8 0.38
2 0.499 | 490 | 1.025 | 306.9 | 101.8 | 0.2349 235 88.6 | 71.7 | 33.8 | 482 18.9 0.43
3 0.999 | 9.80 | 2.051 | 306.8 | 101.8 | 0.2679 274 89.7 | 72.7 | 33.7 | 487 18.9 0.45
4 1.500 14.72 | 3.078 | 306.8 | 101.8 | 0.3144 324 91.9 76.7 33.7 | 48.9 18.9 0.43
5 2.002 | 19.64 | 4.107 | 307.1 | 101.7 | 0.3944 378 943 | 783 | 34.0 | 50.1 18.9 0.68
6 2509 | 2462 | 5155 | 3074 | 101.7 | 0.4725 441 97.1 81.2 342 | 51.2 18.9 0.85
7 3.009 | 29.52 | 6.165 | 307.5 | 101.7 | 0.5383 514 99.7 | 846 | 344 | 520 18.9 1.37
8 3.476 | 3410 | 7.104 | 307.4 | 101.7 | 0.6169 590 102.3 | 88.3 342 | 52.6 18.9 2.05
9 3.740 | 36.69 | 7.678 | 307.9 | 101.7 | 0.7299 639 109.3 | 92.2 34.7 | 54.5 20.8 1.91
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R399 A-39  TRANIMNARBLANTIOUY LATENEURRMTLNAABLANNUYIWAYTNTWL NANAL

NUAEINTULNANAL VAINITNALDUAINNUNNY ANNIZNN92LE1 7 2200 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 306.5 | 101.8 | 0.1760 213 91.1 715 | 0.37 | 334 49.1 20.9
2 0.498 4.89 1.125 | 307.0 | 101.7 | 0.2836 263 921 741 0.40 | 33.8 48.9 21.0
3 1.002 | 9.83 | 2.263 | 307.0 | 101.7 | 0.3183 303 937 | 755 | 0.35 | 338 48.9 21.1
4 1.504 14.75 | 3.392 | 307.0 | 101.7 | 0.3375 351 95.1 771 0.35 | 339 49.2 21.2
5 2.001 | 19.63 | 4.523 | 307.2 | 101.7 | 0.4147 406 972 | 79.7 | 0.30 |34.0 49.9 21.2
6 2499 | 2451 | 5635 | 307.0 | 101.7 | 0.4956 475 99.7 | 83.2 0.50 | 33.9 50.8 21.2
7 2998 | 29.41 | 6.768 | 307.2 | 101.7 | 0.5776 554 103.3 { 884 | 095 | 34.0 52.3 21.2
8 3.333 | 32.70 | 7.524 | 307.3-| 101.7 | 0.7246 605 107.3 | 91.8 1.24 | 341 53.9 23.2
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P97 A-40  TRANINARBLANTIOUY LATENEURRMTLNAABLANNUYIWAYTNTWL NANAL

NUAEINTULNANAL VAINITNALDUAINNUNNY ANNIZNN9ZUNE1 71 2400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 306.4 | 101.8 | 0.2262 242 89.3 | 722 33.3 | 484 24.0 0.39
2 0.510 5.00 1.255 | 306.5 | 101.8 | 0.3017 294 92.3 74.7 33.3 | 48.2 23.9 0.41
3 1.003 | 9.84 | 2.470 | 306.4 | 101.8 | 0.3522 341 945 | 76.2 33.3 | 488 23.9 0.55
4 1.500 14.72 | 3.695 | 306.4 | 101.8 | 0.4064 387 96.3 77.2 33.2 | 49.7 23.9 0.54
5 1.996 | 19.58 | 4914 | 306.4 | 101.8 | 0.4892 446 98.6 | 804 | 333 |508 23.9 0.45
6 2.508 | 24.60 | 6.163 | 306.4 | 101.8 | 0.5917 515 102.1 | 84.8 | 33.3 | 52.8 23.9 0.75
7 3.007 | 29.49 | 7.397 | 306.6 | 101.8 | 0.6795 602 105.5 { 87.7 | 335 | 56.0 23.9 0.85
8 3.110 | 30.51 | 7.660 | 306.5| 101.8 | 0.7327 620 106.8 | 88.2 333 | 564 24.0 1.11
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Data | Speed Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (rev/min) | (kgf-m) | (N-m) | (kW) T(K) | P (kPa) avg Exhaust | Qil Water | Intake | Fuel (cm) Density
1 2574 0.000 | 0.00 | 0.000 | 305.6 | 101.8 | 0.2180 232 109.2 | 95.3 325 - 22.6 0.36
2 2497 2.950 | 28.94 | 7.567 | 305.9 101.7 0.7001 539 109.4 | 99.9 32.7 - 22.6 1.78
3 2444 3.329 | 32.66 | 8.358 | 306.0 | 101.7 | 0.7874 605 107.8 | 99.3 32.8 - 22.5 2.55
4 2396 3.449 | 33.83 | 8.490 | 306.1 | 101.7 | 0.8043 598 103.0 | 89.0 32.9 - 22,5 2.54
5 2295 3.618 | 3549 | 8.528 | 306.3 | 101.6 | 0.7850 600 110.8 | 99.4 33.1 - 20.6 2.55
6 2245 3.667 | 35.98 | 8.458 | 306.3 | 101.6 | 0.7914 597 108.9 | 97.9 33.1 - 20.5 2.67
7 2196 3.720 | 36.50 | 8.394 | 306.3 | 101.6 | 0.7519 592 106.6 | 93.6 33.2 - 20.7 2.82
8 2098 3.861 | 37.87 | 8.322 | 306.1 | 101.6 | 0.7439 595 112.0 | 100.9 | 33.0 - 19.2 3.19
9 1997 3.920 | 38.45 | 8.042 | 307.1 | 101.7 | 0.7654 585 104.5 | 93.9 33.9 - 17.8 3.28
10 1800 4243 | 41.63 | 7.846 | 307.7 | 101.8 0.7389 582 1031 97.4 34.6 - 15.0 3.85
11 1598 4513 | 4427 | 7.408 | 307.5 | 102.0 | 0.6894 574 96.9 | 943 34.3 - 12.5 3.83
12 1399 4641 | 4552 | 6.669 | 307.9 | 102.1 0.6115 540 92.6 93:3 34.7 - 10.3 4.23
13 1199 4619 | 4531 | 5691 ['306.9 | 102.2 | 0.5349 497 855 | 913 33.8 - 8.9 4.37
14 994 4511 | 4425 | 4.607 | 305.7 101.6 0.4242 478 82.9 90.6 32.5 - 6.6 4.87
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FN9NT A-42  dayanN1IMARaLANIIOUY LAFENEUARIMTLNAALANNLNNUALeTNNUL AN Te A EY

NaUAEIN UL AN TR LAY MAININAFELAMNNUNIU AN12ZNTZLINEU A 1200 rev/min

Data Torque Power Ambient FC (a/s) Temperature (°C) P. orifice | Smoke
No. | (kgf-m) | (N-m) | (kW) | T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.009 | 0.09 | 0.011 | 303.1 | 102.2 | 0.0753 102 62.2 61.8 29.9 - 4.4 0.27
2 0.499 | 490 | 0.619 | 303.8 | 102.2 | 0.1261 137 63.8 64.5 30.6 - 4.8 0.42
3 1.002 | 9.83 | 1.234 | 304.6 | 1022 | 0.1364 174 66.0 67.7 314 - 4.8 0.38
4 1.500 | 14.71 | 1.850 | 305.0 | 102.2 0.1629 211 67.6 69.6 31.8 - 4.8 0.59
5 2.003 | 19.65 | 2.464 | 305.3 | 102.2 | 0.2070 253 69.3 72.3 32.2 - 4.8 0.60
6 2500 | 24.53 | 3.093 | 305.7 | 102.2 | 0.2660 295 71.3 75.7 326 - 4.7 1.03
7 2.994 | 29.38 | 3.683 | 306.2 | 102.2 | 0.2847 340 75.0 801 329 - 4.7 1.25
8 3.499 | 34.33 | 4292 | 306.2 | 102.2 | 0.3381 389 771 82.9 33.0 - 4.7 2.30
9 4.006 | 39.30 | 4.923 | 306.2 | 102.2 | 0.3886 437 79.2 85.7 33.1 - 4.7 2.99
10 4.511 44.26 | b5.567 | 306.7 | . 102.2 0.5076 495 82.8 91.4 33.6 - 4.7 3.98
11 4.619 | 45.31 | 5.691 | 306.9 | 102.2 | 0.5349 497 85.5 91.3 33.8 - 8.9 4.37
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FNINT A-43  dayANIIMARBLANTIOUY LATENEUARMTLNAARLAENLWALTNTTUL N ANTe LB Y

NMaUAEtNTUL AN TeIAY MAINIINAFBLAMUNUNIU 4N19ZATZLINEU A1 1400 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 306.5 | 102.2 | 0.1031 115 69.8 | 649 | 334 - 9.9 0.40
2 0.501 4.91 0.720 | 306.8 | 102.2 | 0.1223 il 51 71.1 67.3 33.7 - 9.9 0.46
3 1.003 | 9.84 | 1.439 | 307.3 | 102.2 | 0.1658 190 722 | 69.7 | 34.2 - 9.9 0.49
4 1.502 14.73 | 2158 | 3074 | 102.2 | 0.2150 227 73.8 72.2 34.2 - 9.9 0.41
5 2.002 | 19.64 | 2.879 | 307.7 | 102.2 | 0.2391 269 754 | 747 | 346 - 9.9 0.71
6 2502 | 2455 | 3.596 | 308.0 | 102.1 | 0.2870 313 769 | 773 34.9 - 9.9 0.62
7 3.005 | 29.48 | 4.305 | 307.8 | 102.1 | 0.3428 361 79.7 | 814 | 346 - 9.9 0.99
8 3.508 | 34.41 | 5.054 | 308.1 | 102.1 | 0.3879 414 826 | 853 34.9 - 9.8 1.40
9 4.001 | 39.25 | 5.754 | 308.2 | 102.1 | 0.4605 470 85.1 88.6 | 35.1 - 9.8 2.33
10 4507 | 4422 | 6.535 | 308.3 | 102.1 | 0.5880 537 88.8 | 93.7 | 352 - 9.8 4.01
11 4641 | 4552 | 6.669 | 307.9 | 102.1 | 0.6115 540 926 | 933 34.7 - 10.3 4.23

326

9ce



FNINT A-44  dRyANIIMARBLANIIOUY LATENEUARIMTLNAARLANNLYWALTNTTWL N AuTe B

NMaUAetN UL AN Te LAY MAIN1INAFBLAMNUNUNIU 4N1IZATZLINEU A1 1600 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 307.7 | 102.1 | 0.1044 127 782 | 67.2 34.5 - 12.4 0.42
2 0.498 4.88 0.816 | 307.5 | 102.1 0.1400 161 78.5 68.8 34.3 - 12.4 0.22
3 1.001 9.82 | 1.642 | 307.5 | 102.1 | 0.1945 201 791 70.2 34.3 - 12.4 0.23
4 1.506 14.77 | 2473 | 308.1 | 102.0 | 0.2361 240 81.2 73.8 34.9 - 12.4 0.38
5 2.003 | 19.65 | 3.288 | 307.8 | 102.0 | 0.2760 282 825 | 752 34.6 - 12.4 0.46
6 2503 | 2455 | 4110 | 307.5 | 102.0 | 0.3293 325 84.7 78.7 34.3 - 12.4 0.63
7 3.004 | 29.47 | 4.928 | 307.1 | 102.0 | 0.3866 379 86.5 | 814 | 34.0 - 12.4 0.78
8 3.507 | 34.40 | 5.755 | 307.1-| 102.0 | 0.4580 446 89.0 | 85.0 33.9 - 12.4 1.32
9 4.002 | 39.26 | 6.562 | 307.5 | 102.0 | 0.5316 502 914 | 886 | 343 - 12.3 217
10 4513 | 44.27 | 7.408 | 307.5 | 102.0 | 0.6894 574 96.9 94.3 34.3 - 12.5 3.83
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FNINT A-45  dRyANIIMARBLANIIOUY LATENEUARMTLNAARLANNLIWALTNTUL N AuTe B

NMaUAEIN UL AN TR LAY MAININAFBLAMNUNUNIU 4N19ZATZLINEU A1 1800 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.012 | 0.12 | 0.023 | 307.1 | 102.0 | 0.1221 142 794 | 67.0 34.0 - 13.9 0.32
2 0.501 4.92 0.926 | 307.7 | 101.9 | 0.1669 176 81.9 71.0 34.5 - 13.9 0.21
3 1.005 | 9.86 | 1.854 | 307.6 | 101.9 | 0.2120 217 84.1 735 | 345 - 13.9 0.15
4 1.504 1476 | 2779 | 3076 | 101.9 | 0.2652 259 86.3 75.9 34.4 - 13.9 0.39
5 2.003 | 19.65 | 3.698 | 307.7 | 101.9 | 0.3197 303 88.8 | 78.7 | 345 - 13.9 0.32
6 2505 | 2457 | 4628 | 306.9 | 101.8 | 0.3800 350 912 | 813 33.8 - 13.9 0.45
7 3.004 | 29.47 | 5543 | 307.1 | 101.8 | 0.4512 411 92.6 | 83.0 34.0 - 13.9 0.83
8 3.507 | 34.40 | 6.493 | 307.5| 101.8 | 0.5199 484 956 | 869 | 344 - 13.9 1.53
9 4.000 | 39.24 | 7.368 | 307.9 | 101.8 | 0.6374 545 98.6 | 919 | 3438 - 13.9 2.98
10 4243 | 41.63 | 7.846 | 307.7 | 101.8 | 0.7389 582 103.1 97.4 34.6 - 15.0 3.85
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FNINT A-46  TRANIINARBLANIIOUY LATENEUARIMTLNAARLANNLWALLTNTTWL N ANTe Y

NMaUAetn UL AnTeIAY MAIN1INAFBLAMNUNUNIU 4N19ZATZLNNEIU A1 2000 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 306.5 | 101.8 | 0.1403 157 85.2 | 686 | 334 - 16.1 0.32
2 0.503 | 4.94 | 1.033 | 306.6 | 101.8 | 0.1954 195 86.6 | 71.2 335 - 16.1 0.23
3 1.002 | 9.83 | 2.057 | 306.9 | 101.7 | 0.2474 231 88.0 | 73.3 33.8 - 16.2 0.11
4 1.500 14.71 | 3.079 | 307.1 | 101.7 | 0.3104 275 90.3 76.7 34.0 - 16.2 0.17
5 2.003 | 19.65 | 4.114 | 307.3 | 101.7 | 0.3669 322 92,7 | 798 | 342 - 16.2 0.51
6 2507 | 2459 | 5151 | 307.0 | 101.7 | 0.4293 378 96.6 | 83.3 33.9 - 16.2 0.68
7 3.015 | 29.58 | 6.181 | 306.8 | 101.7 | 0.5065 442 98.2 | 849 | 336 - 16.2 1.41
8 3.501 | 34.34 | 7.181 | 306.8 | 101.7 | 0.6215 520 100.7 | 89.6 | 33.6 - 16.1 243
9 3.920 | 38.45 | 8.042 | 307.1 | 101.7 | 0.7654 585 1045 | 939 | 339 - 17.8 3.28
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P9I A-47  dayaNIIMARELANIIOUY LATENEUARMTLNAARLANNLYWALTNTUL N AuTe B

NMaUAEINTULAnTeIaY MAINIINAFBLAMUNUNIU AN1IZATZLINEU A1 2200 rev/min

Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 306.4 | 101.7 | 0.1631 177 89.4 | 70.3 33.2 - 18.2 0.36
2 0.497 4.88 1.122 | 306.5 | 101.7 | 0.2250 216 90.2 72.5 33.4 - 18.5 0.10
3 1.002 | 9.82 | 2.263 | 306.3 | 101.7 | 0.2801 256 917 | 749 | 331 - 18.6 0.20
4 1.498 14.69 | 3.382 | 306.4 | 101.7 | 0.3651 299 93.6 777 33.3 - 18.6 0.18
5 1.999 | 19.61 | 4.511 | 306.3 | 101.6 | 0.3994 350 95.8 | 80.6 | 332 - 18.5 0.34
6 2493 | 2446 | 5.623 | 306.2 | 101.6 | 0.5029 408 97.8 | 83.1 33.1 - 18.6 0.62
7 2997 | 29.40 | 6.767 | 306.4 | 101.6 | 0.5859 472 100.2 { 86.8 | 33.2 - 18.6 1.15
8 3.526 | 3459 | 7.963 | 306.4 | 101.6 | 0.7157 557 1049 | 94.3 | 332 - 18.5 2.10
9 3.720 | 36.50 | 8.394 | 306.3 | 101.6 | 0.7519 592 106.6 | 93.6 | 332 - 20.7 2.82
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Data Torque Power Ambient FC (g/s) Temperature ("C) P. orifice | Smoke
No. | (kgf-m) | (N-m) (kW) T(K) | P (kPa) avg Exhaust Qil Water | Intake | Fuel (cm) Density
1 0.000 | 0.00 | 0.000 | 305.7 | 101.7 | 0.1914 198 874 | 72.1 32.6 - 22.3 0.12
2 0.506 4.96 1.245 | 305.8 | 101.7 | 0.2650 240 89.8 74.2 31.6 - 22.3 0.20
3 1.004 | 9.85 | 2.471 | 305.8 | 101.7 | 0.3199 284 916 | 764 | 326 - 22.3 0.28
4 1.497 14.69 | 3.686 | 305.9 | 101.7 | 0.3923 330 93.9 79.0 32.7 - 22.3 0.23
5 1.998 | 19.60 | 4.911 | 305.9 | 101.7 | 0.4628 385 96.0 | 81.3 32.7 - 22.3 0.37
6 2.501 2454 | 6.152 | 3059 | 101.7 | 0.5636 447 98.4 83.9 32.8 - 22.3 0.65
7 3.002 | 29.45 | 7.400 | 306.0 | 101.7 | 0.6719 522 100.6 { 86.3 | 329 - 22.3 1.23
8 3.449 | 33.83 | 8.490 | 306.1| 101.7 | 0.8043 598 103.0 | 89.0 329 - 22.5 2.54
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
1 2390 2.601 576 107 91 31 47 3.5 9.186
2 2400 2.665 575 108 92 31 47 35 | 9.186
3 2400 2.749 577 109 93 30 49 3.5 | 9.186
5 2390 2.584 587 105 89 28 46 36 | 9.186
6 2360 2.471 570 105 90 28 44 35 | 9.186
7 2340 2.581 559 105 91 28 47 35 | 9.186
8 2364 2.698 571 105 87 26 47 3.5 9.186
10 2390 2.649 580 104 87 23 44 35 | 9.186
11 2390 2.604 580 104 87 25 43 3.5 9.186
12 2390 2.683 560 102 86 26 45 35 | 9.186
13 2390 2.498 561 102 85 24 44 3.5 | 9.186
15 2320 2.597 563 106 85 32 46 35 | 9.186
16 2320 2512 565 107 89 32 47 35 | 9.186
17 2320 2.636 558 103 85 30 48 35 | 9.186
18 2320 2.549 555 105 86 29 47 35 | 9.186
21 2400 2.488 554 105 85 30 47 35 | 9.186
22 2304 2.571 551 103 82 29 47 3.5 9.186
23 2310 2.401 549 103 86 29 47 35 | 9.186
26 2300 2.430 556 98 81 27 48 3.6 | 9.186
27 2300 2.369 550 100 82 26 46 36 | 9.186
28 2300 2.330 551 100 82 26 47 3.6 | 9.186
30 2280 2.270 547 101 87 32 46 3.8 9.186
31 2259 2.180 526 102 84 30 43 3.8 | 9.186
32 2240 2.152 523 102 85 30 46 3.8 | 9.186
33 2264 2.220 528 103 84 30 44 3.8 | 9.186
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
34 2382 2.509 575 104 87 28 51 35 | 9.186
35 2368 2.537 564 108 94 27 46 35 | 9.186
36 2382 2.529 569 103 89 27 43 3.5 10.70
37 2372 2476 562 105 91 25 44 3.5 10.70
39 2362 2.497 565 106 89 25 44 35 | 9.186
40 2370 2.456 565 108 89 26 48 35 | 9.186
41 2360 2,593 653 105 88 23 47 35 | 9.186
42 2340 2.499 552 107 94 25 48 35 | 9.186
45 2398 2.601 587 109 92 35 50 35 | 9.186
46 2398 2.593 588 110 92 35 50 35 | 9.186
47 2396 2.618 597 11 93 30 49 35 | 9.186
48 2404 2.652 587 110 92 28 53 35 | 9.186
50 2380 2.633 573 107 88 26 52 35 | 9.186
51 2380 2.590 575 109 87 28 52 35 | 9.186
52 2388 2.609 582 110 91 27 55 35 | 9.186
53 2386 2.644 579 108 89 25 54 35 | 9.186
55 2374 2.690 586 108 89 27 53 3.6 | 9.186
56 2390 2.643 586 107 89 25 52 36 | 9.186
57 2364 2.683 586 107 88 25 52 3.6 | 9.186
58 2402 2.611 583 106 87 24 51 36 | 9.186
61 2400 2.802 615 113 93 29 55 3.6 | 9.186
62 2402 2.758 612 112 93 29 55 3.6 9.186
63 2414 2.832 603 113 92 29 54 36 | 9.186
66 2376 2.846 594 108 90 30 46 3.6 | 9.018
67 2360 2.891 589 110 92 31 48 3.6 | 9.018
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
68 2375 2.843 586 106 89 25 43 3.6 | 9.018
70 2412 2911 601 98 82 24 41 36 | 9.186
71 2410 2.865 600 103 85 24 43 36 | 9.186
72 2418 2.902 598 106 87 25 45 36 | 9.186
73 2392 2.748 590 103 86 31 47 36 | 9.186
76 2390 2777 594 96 78 24 42 3.6 | 9425
77 2398 2.787 600 106 85 23 45 3.6 | 9425
78 2412 2.841 607 108 86 23 44 3.6 | 9425
81 2398 2.774 596 108 87 29 48 3.6 | 9.186
82 2400 2.725 599 108 86 28 48 36 | 9.186
83 2398 2.769 589 106 85 23 43 3.6 | 9.186
85 2398 2.744 599 11 93 27 52 36 | 9.186
86 2398 2.807 600 108 93 27 51 3.6 | 9.186
87 2400 2.818 603 11 94 27 51 36 | 9.186
88 2398 2.787 602 111 96 27 51 3.6 | 9.186
90 2384 2.762 593 109 93 26 54 36 | 9.186
91 2386 2.738 594 109 94 27 53 3.6 | 9.186
92 2366 2.759 595 109 92 26 51 36 | 9.186
93 2390 2.755 595 110 94 26 51 3.6 | 9.186
95 2400 2.711 598 108 94 27 47 36 | 9.186
96 2400 2.769 598 109 96 28 47 3.6 | 9.186
97 2402 2.786 598 107 90 26 46 36 | 9.186
98 2404 2.794 600 108 93 27 46 36 | 9.186
100 2382 2.712 589 100 87 27 44 3.6 9.186
101 2398 2.618 585 103 86 24 42 36 | 9.186
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
102 2398 2.707 593 107 94 25 47 3.6 9.186
103 2402 2.838 595 109 96 25 46 36 | 9.186
106 2372 2.791 597 104 93 27 44 3.6 9.186
107 2370 2.725 598 103 92 26 41 36 | 9.186
108 2372 2.699 598 103 90 25 41 36 | 9.186
110 2380 2.805 594 103 92 26 41 36 | 9.186
111 2350 2.773 604 104 91 25 42 3.6 9.186
112 2370 2.831 594 104 90 26 42 36 | 9.186
113 2370 2.714 597 103 91 25 42 3.6 9.186
116 2380 2.806 601 101 90 25 44 36 | 9.186
17 2380 2.806 605 100 91 25 44 3.6 | 9.186
118 2378 2.787 604 105 92 25 45 36 | 9.186
120 2370 2.863 608 99 89 28 43 3.6 | 9.186
121 2372 2.827 607 103 90 27 44 36 | 9.186
122 2372 2.748 604 102 88 27 42 3.6 9.186
123 2372 2.782 604 103 89 27 43 36 | 9.186
126 2330 2.823 605 105 91 27 44 3.6 | 9.186
127 2330 2.855 602 103 89 26 42 36 | 9.186
128 2330 2.886 602 103 90 25 43 3.6 | 9.186
131 2384 2.864 612 108 93 27 45 36 | 9.186
132 2390 2.878 620 109 95 27 45 3.6 | 9.186
133 2390 2.864 620 109 95 26 45 36 | 9.186
136 2384 2.849 609 106 91 27 41 36 | 9.186
137 2372 2.833 609 106 92 27 41 3.6 9.186
138 2364 2.891 610 106 92 26 42 36 | 9.186
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
140 2352 2.801 608 106 91 26 45 36 | 9.186
141 2350 2.773 612 106 89 26 44 36 | 9.186
142 2366 2.905 613 105 91 25 43 36 | 9.186
143 2360 2.801 615 106 92 25 43 36 | 9.186
145 2378 2.831 624 104 89 24 43 3.6 9.186
146 2368 2.797 619 106 88 24 43 36 | 9.186
147 2372 2.828 G12 107 92 24 45 3.6 9.186
148 2364 2.797 611 107 92 24 45 36 | 9.186
151 2396 2.912 620 106 94 28 43 3.6 9.186
152 2390 2.832 617 107 93 27 45 36 | 9.186
153 2388 2.828 613 107 94 27 45 3.6 | 9.186
155 2378 2.771 610 104 89 26 43 36 | 9.186
156 2378 2.854 608 101 86 25 40 3.6 | 9.186
157 2376 2.779 602 104 88 26 41 36 | 9.186
158 2370 2.748 599 102 88 26 40 3.6 | 9.186
160 2380 2.812 609 105 90 26 43 36 | 9.186
161 2376 2.784 608 105 90 26 42 3.6 | 9.186
162 2386 2.779 604 107 90 25 44 36 | 9.186
163 2388 2.756 603 106 90 25 43 3.6 | 9.186
166 2390 2.871 630 105 91 27 45 36 | 9.186
167 2394 2.890 633 107 91 27 44 36 | 9.186
168 2394 2.860 633 107 92 27 45 36 | 9.186
170 2398 2.857 610 107 91 26 45 36 | 9.186
171 2320 2.735 613 106 92 28 46 3.6 9.186
172 2374 2.772 613 106 89 26 44 36 | 9.186
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
173 2370 2.765 606 106 91 26 46 36 | 9.186
175 2396 2.904 630 107 92 25 46 3.7 | 9.186
176 2410 2.780 632 107 91 26 45 3.7 9.186
177 2408 2.815 628 108 93 26 45 3.7 | 9.186
178 2400 2.846 628 109 91 25 46 3.7 | 9.186
180 2398 2.862 610 107 92 27 45 36 | 9.186
181 2380 2.859 610 107 91 26 43 3.6 | 9.186
182 2380 2.884 611 108 91 26 43 36 | 9.186
183 2380 2.851 610 107 92 26 44 3.6 9.186
185 2400 2.749 609 105 86 26 43 3.7 | 9.186
186 2400 2.773 608 106 87 26 43 3.7 | 9.186
187 2400 2.736 602 105 85 26 43 3.7 | 9.186
188 2396 2.809 605 105 86 26 43 3.7 | 9.186
190 2394 2.846 598 103 85 23 41 3.7 | 9.186
191 2394 2.865 594 104 85 23 43 3.7 | 9.186
192 2394 2.813 597 104 88 23 43 3.7 | 9.186
193 2394 2.848 606 108 94 27 45 3.7 | 9.186
196 2384 2.847 608 108 93 27 45 36 | 9.186
197 2384 2.858 608 109 93 26 44 3.6 | 9.186
198 2384 2.860 609 109 94 26 45 36 | 9.186
201 2394 2.807 605 102 82 23 41 3.6 9.186
202 2382 2.842 603 102 83 24 42 3.6 9.186
203 2382 2.829 604 101 82 24 42 36 | 9.186
206 2376 2.775 588 95 81 21 41 36 | 9.186
207 2378 2.740 594 95 82 22 42 36 | 9.186
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
208 2380 2.739 601 104 89 22 44 36 | 9.186
211 2394 2.731 588 99 89 20 34 3.7 | 9.186
212 2396 2.693 588 108 94 20 43 3.7 | 9.186
213 2396 2.805 590 109 94 20 43 3.7 | 9.186
215 2396 2.852 579 §[5INi 94 21 46 3.7 9.186
216 2400 2.757 578 110 91 20 45 3.7 | 9.186
217 2400 2.835 585 110 91 21 46 3.7 9.186
218 2400 2.860 590 111 93 20 46 3.7 | 9.186
220 2392 2.705 601 108 94 31 47 3.7 9.186
221 2392 2.683 597 110 96 31 49 3.7 | 9.186
222 2392 2.712 595 443 97 31 48 3.7 9.186
223 2390 2.742 592 112 97 33 48 3.7 | 9.186
226 2362 2.603 Sy 107 88 26 48 3.7 9.186
227 2362 2.665 578 108 88 26 48 3.7 | 9.186
228 2362 2.713 578 108 88 26 48 3.7 9.186
230 2394 2.685 590 107 87 23 49 3.7 | 9.186
231 2394 2.688 589 106 90 23 47 3.7 | 9.186
232 2394 2.722 590 107 90 24 48 3.7 | 9.186
233 2400 2.716 597 108 89 23 49 3.7 | 9.186
236 2366 2.590 583 107 82 28 49 3.7 | 9.186
237 2370 2.555 583 107 83 28 49 3.7 | 9.186
238 2356 2.546 583 107 83 28 49 3.7 | 9.186
240 2384 2.648 594 108 85 27 49 3.7 | 9.186
241 2388 2.647 594 108 86 27 49 3.7 9.186
242 2394 2.726 598 109 87 27 50 3.7 | 9.186
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
243 2396 2.697 594 108 87 27 48 3.7 | 9.186
246 2400 2.684 593 105 86 25 47 3.7 | 9.186
247 2400 2.560 593 105 86 25 47 3.7 | 9.186
248 2400 2.554 594 105 86 25 47 3.7 | 9.186
250 2380 2.709 599 107 90 28 42 3.7 | 9.186
251 2370 2.687 601 107 90 27 42 3.7 | 9.186
252 2376 2.732 602 108 93 27 44 3.7 9.186
253 2370 2.724 599 108 94 27 43 3.7 | 9.186
255 2402 2.809 590 103 85 26 44 3.7 9.186
256 2402 2.746 584 102 83 26 42 3.7 | 9.186
257 2402 2.814 586 103 85 25 44 3.7 9.186
258 2400 2.850 586 104 85 25 44 3.7 | 9.186
261 2386 2.666 571 105 88 26 45 3.7 | 9.186
262 2386 2.643 569 105 88 26 43 3.7 | 9.186
263 2390 2.605 570 104 87 25 44 3.7 | 9.186
266 2406 2.688 588 106 88 27 45 35 | 9.186
267 2400 2.706 587 108 90 28 48 35 | 9.186
268 2398 2.815 587 108 90 28 47 35 | 9.186
271 2408 2.857 610 107 88 25 43 3.5 9.186
272 2408 2.761 611 107 89 25 43 35 | 9.186
273 2400 2.817 611 106 90 24 43 3.5 9.186
276 2394 2.700 602 106 92 25 44 3.5 9.186
277 2392 2.684 599 106 92 23 44 35 | 9.186
278 2390 2.770 600 107 93 23 45 3.5 | 9.186
280 2404 2.768 612 107 95 26 47 36 | 9.186
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
281 2396 2.687 604 108 95 26 45 36 | 9.186
282 2402 2.732 609 107 94 26 46 36 | 9.186
283 2396 2.722 608 107 95 26 45 36 | 9.186
285 2400 2.756 612 106 93 25 45 36 | 9.186
286 2396 2.736 609 106 92 25 45 36 | 9.186
287 2390 2.723 607 106 93 25 44 36 | 9.186
288 2392 2.742 603 107 94 25 45 3.6 9.186
291 2384 2.789 593 105 91 24 45 36 | 9.186
292 2380 2.716 600 106 93 24 45 3.6 9.186
293 2380 2.763 601 107 94 24 45 36 | 9.186
296 2382 2.785 605 103 89 26 43 3.6 | 9.186
297 2382 2.712 600 104 90 26 43 36 | 9.186
298 2380 2.707 594 106 90 25 44 3.6 | 9.186
300 2400 2.747 623 105 90 24 43 36 | 9.186
301 2388 2.844 603 106 91 24 44 36 | 9.186
302 2386 2.750 607 107 92 24 46 36 | 9.186
303 2388 2.729 594 106 91 24 46 36 | 9.186
305 2370 2.701 595 105 96 24 47 36 | 9.186
306 2370 2.730 607 105 89 24 45 3.6 | 9.186
307 2368 2.755 603 105 89 24 45 36 | 9.186
308 2368 2.749 599 105 91 24 45 3.6 | 9.186
311 2328 2.534 587 104 93 27 45 3.5 9.186
312 2360 2.523 592 108 96 26 47 35 | 9.186
313 2364 2.652 602 107 93 26 45 36 | 9.186
315 2382 2.673 616 93 82 25 42 35 | 9.186
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
316 2370 2.672 608 107 94 26 45 3.6 9.186
317 2348 2.652 597 108 96 27 46 3.6 9.186
318 2368 2.653 609 107 95 25 47 3.6 9.186
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Engine | Speed FC (avg) Temperature ('C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
3.5 2400 2.445 542 106 89 30 49 3.8 8.267
3.75 2400 2.486 545 105 87 28 47 3.8 8.267
8.5 2400 2.510 549 104 85 27 46 3.8 8.267
8.75 2400 2.478 549 103 85 25 45 3.8 8.267
13.5 2400 2.581 540 102 83 24 43 3.8 8.267
13.75 2400 2.443 542 101 84 24 44 3.8 8.267
18.5 2360 2.326 540 108 89 29 47 3.8 7.833
18.75 2350 2.418 533 106 87 29 48 3.8 7.833
23.5 2410 2.449 560 101 82 28 43 3.8 7.779

23.75 2410 2.459 561 101 82 29 42 3.8 7.779
28.5 2304 2.412 549 99 83 26 46 3.7 8.307

28.75 2300 2.389 541 101 82 26 46 3.7 8.307
32.5 2276 2177 530 104 85 30 43 4.0 8.267
32.75 2296 2.185 531 103 85 29 45 4.0 8.267
37.5 2400 2.469 555 106 87 26 44 3.7 8.267
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
37.75 2400 2.468 554 107 87 27 46 3.7 8.267
42.5 2400 2.533 548 108 88 25 45 3.7 | 8229

43 2400 2.439 550 107 89 25 45 3.7 | 8229
48.5 2396 2.462 554 109 90 30 53 3.7 | 8.267
49 2402 2.456 555 109 91 30 51 3.7 | 8.267
53.5 2394 2.511 549 107 86 26 53 3.7 | 8.267

53.75 2394 2.506 550 104 85 24 52 3.7 | 8.267
58.5 2406 2.533 554 103 84 24 50 3.8 | 8.267
58.75 2400 2.537 555 103 83 21 50 3.8 | 8.267
63.5 2400 2.548 561 110 90 30 53 3.8 | 8.267
63.75 2400 2.572 562 109 89 30 52 3.8 | 8.267
68.5 2398 2.682 574 106 89 26 44 3.8 7.890
68.75 2398 2.674 574 105 86 24 44 3.8 7.890

69 2396 2.652 572 98 83 24 41 3.8 7.890
735 2389 2.529 546 109 90 28 50 3.8 | 8.267

73.75 2386 2.503 546 109 90 28 50 3.8 | 8.267
78.5 2400 2.602 573 105 84 26 45 3.8 | 8.267
78.75 2400 2.651 571 106 84 26 45 3.8 | 8.267
83.5 2398 2.615 572 105 84 26 45 3.8 | 8.267
83.75 2398 2.670 573 104 84 26 45 3.8 | 8.267
88.5 2400 2.569 563 107 88 26 50 3.8 | 8.267
88.75 2390 2.534 563 107 88 26 51 3.8 | 8.267
935 2404 2.521 562 106 88 25 51 3.8 | 8.267
93.75 2404 2.557 562 107 88 25 52 3.8 | 8.267
98.5 2394 2.619 568 105 88 27 45 3.8 | 8.118
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
99 2380 2.643 570 105 88 27 44 3.8 | 8.118
103.5 2400 2.635 561 107 91 25 45 3.8 | 8.267
104 2400 2.571 559 106 92 25 45 3.8 8.267
108.5 2394 2.645 584 103 91 26 42 3.8 | 8.267
108.75 | 2390 2.670 583 102 89 26 42 3.8 | 8.267
113.5 2402 2.697 581 105 91 26 43 3.8 | 8.267
113.75 2402 2.642 582 104 88 26 42 3.8 8.267
118.5 2394 2.646 576 104 89 26 44 3.8 | 8.267
118.75 2396 2.706 575 103 88 26 44 3.8 8.267
123.5 2400 2.825 599 105 91 26 41 3.8 | 8.267
123.75 2400 2.759 597 105 89 25 41 3.8 8.267
128.5 2400 2.823 599 105 92 26 42 3.8 | 8.267
128.75 2400 2.731 598 104 91 26 42 3.8 8.267
133.75 | 2400 2.747 586 108 90 26 45 3.8 | 8.267
134 2400 2.771 588 105 88 26 43 3.8 8.267
138.5 2392 2.569 572 104 89 27 41 3.8 | 8.267
139 2396 2.554 571 104 88 26 40 3.8 | 8.267
143.5 2390 2.601 586 104 88 25 44 3.8 | 8.267
144 2396 2.612 588 104 87 25 44 3.8 8.267
148.5 2404 2.695 598 107 88 24 47 3.8 | 8.267
149 2406 2.683 595 107 90 24 47 3.8 | 8.267
153.5 2398 2.634 587 104 92 27 43 3.8 | 8.267
154 2400 2.584 587 107 93 26 44 3.8 | 8.267
158.25 2394 2.606 577 101 87 26 42 3.8 8.267
158.75 | 2396 2.593 577 100 86 25 40 3.8 | 8.267
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Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
163.5 2404 2.629 577 106 90 25 44 3.8 8.267

163.75 | 2402 2.553 576 105 90 25 43 3.8 | 8.267
168.5 2400 2.666 596 107 90 26 45 39 | 8.267

169 2400 2.626 595 105 89 26 45 39 | 8.267
173.5 2400 2.684 587 105 87 26 49 3.8 | 8.267
174 2400 2.638 589 106 87 26 45 3.8 | 8.267
178.5 2398 2.693 582 106 86 24 46 3.8 | 8.267

178.75 | 2400 2.592 584 106 88 25 47 3.8 | 8.267
183.5 2400 2.616 589 105 89 26 44 3.9 8.267

183.75 | 2400 2.606 588 103 88 26 44 39 | 8.267
188.5 2400 2.586 556 101 83 26 42 39 | 8267

189 2400 2.475 557 100 82 25 40 39 | 8.267
193.5 2398 2.665 575 102 85 25 43 39 | 8.267

193.75 | 2394 2.654 575 102 85 25 43 39 | 8.267

198.5 2396 2.668 579 104 87 25 41 3.8 | 8.267
199 2396 2.707 580 103 86 24 41 3.8 | 8.267

203.5 2398 2.656 577 103 86 23 43 3.8 | 8.267

203.75 | 2394 2.649 575 103 87 25 43 3.8 | 8.267

208.75 | = 2386 2.550 531 99 82 22 39 3.8 | 8.267
209 2380 2.465 530 99 82 22 40 3.8 | 8.267
213.5 2402 2.502 554 109 95 21 40 3.9 8.267

213.75 2402 2.476 551 109 94 21 40 3.9 8.267
218.5 2400 2.482 541 108 91 22 45 39 | 8.267

218.75 2400 2.482 540 108 91 21 45 3.9 8.267
223.5 2382 2.432 564 113 97 25 50 3.7 | 8.267




P399 9-15  dayan1snARR LA TNNUNIWLATESEIWEN IFTinTu ARy

AN1ZNINUR 2 1 90% NAILINT T lah 224-284

346

Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
223.75 2404 2.417 564 113 97 26 49 3.7 8.267
228.5 2394 2.569 548 105 86 25 49 39 | 8.267
228.75 2394 2.470 544 105 84 25 50 3.9 8.267
233.5 2396 2.669 551 105 84 24 45 39 | 8.267
233.75 | 2396 2.602 551 105 84 24 47 39 | 8.267
238.5 2396 2.426 557 107 82 28 49 39 | 8.267
238.75 | 2390 2.399 &5 107 82 28 48 39 | 8.267
243.5 2396 2.488 557 105 83 26 45 39 | 8.267
243.75 2402 2.478 555 105 83 25 44 3.9 8.267
248.5 2396 2.505 546 105 84 25 47 4.0 | 8.267
248.75 2396 2.489 545 105 84 25 47 4.0 8.267
253.5 2394 2.718 564 107 89 26 48 4.1 8.267
253.75 | 2390 2.581 565 106 88 26 48 4.1 8.267
258.5 2397 2.355 527 102 79 25 42 4.1 8.267
258.75 2400 2.432 525 101 82 25 43 4.1 8.267
263.5 2400 2.652 567 104 86 25 44 4.1 8.267
263.75 2402 2.610 566 104 86 25 43 4.1 8.267
268.5 2400 2.438 546 105 88 25 45 3.7 | 8.267
268.75 | = 2402 2.683 545 104 88 25 45 3.7 | 8.267
273.5 2402 2.598 568 104 87 25 42 3.7 | 8.267
273.75 | 2398 2.568 568 104 86 24 42 3.7 | 8.267
278.5 2394 2.571 562 104 89 24 43 3.7 8.267
278.75 | 2398 2.509 563 104 89 24 44 3.7 | 8.267
283.5 2400 2.572 572 106 93 26 45 3.8 | 8.267
283.75 | 2400 2.587 572 106 92 26 44 3.8 | 8.267




P390 9-16  TayaN1INARBLAIINNUNIWLATESEIWEN IFTinTu ARy

AN1ZNINUN 2 1 90% NAILINT T2 19N 288-319

347

Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
288.5 2392 2.697 574 107 93 25 46 3.8 8.267

288.75 2400 2.544 576 108 93 24 46 3.8 8.267
293.5 2404 2.627 577 106 92 23 43 3.8 8.267

293.75 2400 2.648 578 106 92 23 43 3.8 8.267
298.5 2400 2.630 582 104 92 25 43 3.8 8.267

298.75 2400 2.575 582 104 il 25 44 3.8 8.267
303.5 2382 2.690 568 103 87 25 47 3.8 8.267

303.75 2381 2.585 567 103 87 25 a7 3.8 8.267

308.75 2402 2.646 588 106 92 24 46 3.8 8.267

309 2404 2.635 588 106 90 23 44 3.8 8.267

313.5 2396 2.546 585 106 93 25 45 3.8 8.267

313.75 2396 2.572 587 106 92 24 43 3.8 8.267
318.5 2400 2.582 586 105 94 26 43 3.8 8.267

318.75 2400 2.579 586 104 92 25 43 3.8 8.267

FN99T 417 %’@H@mimmmumﬁmuwmm’?mauﬁﬁﬁﬁﬁﬁumﬁuau

4NNV 3 T 80% MNETLNT Falied 4-15
Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
4.5 2400 2.207 500 103 84 29 46 3.2 7.349
4.75 2400 2157 498 101 86 28 46 3.3 7.349
9.5 2400 2.255 501 101 86 26 43 3.2 7.349
9.75 2400 2.205 502 99 84 24 42 3.2 7.349
14.5 2400 2.271 497 99 82 25 44 3.2 7.349




P399 9-18  dayaN1INARBLAIINNUNIWLATESEIWEN IFTinTu N Au Ay

AN1ZNINUN 3 71 80% NAILNT T2 laN 14-75

348

Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
14.75 2400 2.207 498 100 83 24 43 3.2 7.349
19.5 2408 2.206 513 105 89 30 47 3.2 7.349
19.75 2400 2.220 512 105 85 30 46 3.2 7.349
245 2400 2.345 507 98 80 25 41 32 | 7.349
24.75 2400 2.191 508 98 7 26 40 3.2 7.349
29.5 2400 2.246 510 94 75 25 40 32 | 7.349
29.75 2402 2.206 498 90 76 25 42 3.2 7.349
335 2400 2132 514 103 84 29 41 3.6 7.349
33.75 2400 2122 511 102 84 28 40 3.6 7.349
385 2400 2.156 471 99 82 27 42 32 | 7.349
38.75 2400 2.064 472 102 80 28 46 3.1 7.349
43.25 2400 2174 480 99 82 26 42 3.2 7.349
43.75 2400 2127 478 97 79 25 41 3.2 7.349
49.25 2400 2.109 477 103 83 27 52 3.2 7.349
49.75 2400 2.086 480 103 82 29 52 3.2 7.349
54.5 2390 2.185 482 101 81 26 51 3.2 7.349
54.75 2390 2175 486 100 80 26 50 3.2 7.349
59.5 2390 2.084 473 101 80 24 49 3.2 7.349
59.75 2396 2.163 475 97 79 23 47 3.2 7.349
64.5 2420 2.241 510 96 81 25 42 3.3 | 7.349
064.75 2420 2.253 513 94 78 25 40 3.3 7.349
69.5 2416 2.225 492 100 81 24 5 3.3 7.349
69.75 2410 2.237 490 98 80 24 45 3.3 7.349
74.5 2404 2.105 483 105 86 25 44 3.3 7.349
74.75 2412 2.097 479 106 89 26 45 3.3 7.349




P399 9-19  dayan1InARB LA TNNUNIWLATESEIWEN IFTinTu ARy

AN1ENNINNIUN 3 71 80% NAILNT F2 T8N 79-140

349

Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
79.5 2398 2.222 490 102 82 30 45 3.2 7.349
79.75 2398 2.201 487 102 80 25 44 3.2 7.349
84.5 2388 2.232 490 100 82 26 45 3.2 7.349
84.75 2390 2.246 489 99 83 26 45 3.2 7.349
89.5 2402 2. dn 478 102 82 26 49 3.3 7.349
89.75 2400 2411 477 101 82 26 49 3.3 7.349
94.25 2396 2.166 485 102 83 25 48 3.2 7.349
94.75 2396 2127 484 102 83 25 49 3.2 7.349
99.5 2386 2177 486 101 84 27 44 3.4 7.349
99.75 2386 2116 486 101 84 25 44 3.4 7.349
104.5 2402 2.143 486 98 84 25 44 3.4 7.349

104.75 | 2402 2.159 486 99 85 25 44 3.4 7.349
109.5 2402 2.242 502 98 85 27 42 3.3 7.349

109.75 | 2404 2.231 503 98 85 27 42 3.3 7.349
114.5 2406 2.277 503 97 84 26 40 3.3 7.349

114.75 | 2406 2.224 504 98 84 25 41 3.3 7.349
119.5 2400 2.235 504 98 85 26 44 34 7.349

119.75 | 2400 2.242 504 98 85 26 44 3.4 7.349
124.5 2400 2.248 516 99 84 27 43 3.3 7.349

124.75| 2400 2.213 511 98 81 26 40 3.3 7.349
129.5 2396 2.268 502 99 86 26 43 3.3 7.349

129.75 | 2396 2.244 503 99 86 27 43 3.3 7.349
134.5 2396 2.254 492 103 89 26 45 3.3 7.349

134.75 2396 2.228 484 102 88 25 45 3.3 7.349
139.5 2406 2.220 516 100 83 25 41 3.3 7.349




P399 920 ayaN1INARB LA TNNUNIUWLATESEIWEN IFTinTu ARy

AN1ZNINUN 3 71 80% NAILINT T2 197 140-200

350

Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
140 2404 2.229 517 100 85 26 42 3.3 7.349
144.5 2398 2.216 502 99 82 25 44 3.3 7.349
145 2396 2.181 503 99 82 25 43 3.3 7.349
149.5 2400 2.201 503 100 83 25 44 3.3 7.349
150 2400 2.183 503 100 82 25 43 3.3 7.349
154.5 2394 2.161 489 99 83 27 42 3.3 7.349
155 2396 2.168 492 96 81 25 39 3.3 7.349
159.5 2400 2.180 492 97 82 26 41 3.3 7.349
160 2400 2.188 492 98 83 26 41 3.3 7.349
164.5 2396 2178 492 98 82 25 42 3.3 7.349
164.75 2392 2.146 491 98 81 25 42 3.3 7.349
169.5 2396 2.221 500 96 86 26 45 3.3 7.349
169.75 | 2396 2.204 501 94 84 26 45 3.3 7.349
174.75 | 2396 2.258 502 100 82 25 43 3.3 7.349
175 2396 2.163 506 98 80 25 42 3.3 7.349
179.5 2400 2.167 497 101 83 26 45 3.3 7.349
179.75 2402 2.1562 497 102 82 26 46 3.3 7.349
184.5 2402 2.231 499 100 80 24 43 3.3 7.349
184.75 2402 2.224 492 92 78 24 43 3.3 7.349
189.5 2396 2.205 478 98 78 26 43 3.3 7.349
190 2390 2173 480 97 77 25 42 3.3 7.349
194.5 2388 2.205 488 99 83 25 43 3.3 7.349
194.75 | 2390 2.247 484 94 83 25 43 3.3 7.349
199.5 2380 2.226 486 96 83 25 41 34 7.349
199.75 | 2380 2.225 486 95 82 24 41 34 7.349




FN39N 921 dayaN1INARB LA INNUNIWLATESIWEN IFTnTu ARy

AN1ZNINTUN 3 71 80% NAILINT T2 197 204-265

351

Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
204.5 2350 2.142 463 97 75 23 41 3.4 7.349

204.75 | 2358 2.189 464 98 78 23 41 34 7.349
209.5 2394 2.202 488 98 79 23 40 34 7.349

209.75 | 2390 2.194 487 97 80 24 42 34 7.349
214.5 2406 2.025 466 100 85 22 44 3.3 7.349

214.75 | 2402 2.041 468 100 84 22 41 3.3 7.349
219.5 2398 2.048 467 105 90 22 45 3.3 7.349

219.75 | 2400 2.055 467 105 89 22 44 3.3 7.349
224.5 2388 1.996 504 127 95 25 51 3.3 7.349

22475 | 2384 1.986 504 128 97 26 51 3.3 7.349
229.5 2396 2.184 472 102 81 26 48 3.3 7.349

229.75 | 2396 2.126 481 102 80 25 48 3.3 7.349
234.5 2400 2122 470 100 LI 25 46 3.3 7.349

234.75 | 2400 2.152 470 99 76 25 46 3.3 7.349
239.5 2400 2.166 481 103 80 27 49 3.3 7.349

239.75 | 2400 2.138 482 103 80 27 49 3.3 7.349
244.5 2398 2.081 475 98 83 26 45 3.3 7.349

24475 | 2398 2.241 475 99 83 25 44 3.3 7.349
249.5 2398 2.160 469 99 79 25 47 3.5 7.349

249.75 | 2400 2.147 469 100 79 25 47 3.5 7.349
254.5 2398 2.205 481 99 80 26 44 3.6 7.349

254.75 2400 2.130 482 97 77 25 42 3.6 7.349
259.5 2400 2157 473 100 77 27 44 3.6 7.349

259.75 2400 2.161 473 100 76 26 44 3.6 7.349
264.5 2394 2.075 463 102 84 27 45 3.6 7.349




P3N0 922 dayaN1INARB LA TNNUNIWLATESIWEN IFTnTu ARy

AN1ZNINUN 3 71 80% NAILINT T2 laN 265-320

352

Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | Fuel | (bar) (kW)
264.75 2394 2.079 466 99 82 26 44 3.6 7.349
269.5 2398 2.133 484 99 83 25 42 3.1 7.349
269.75 | 2396 2.155 484 98 82 25 43 3.1 7.349
274.5 2398 2.165 484 98 84 25 42 3.1 7.349
274.75 2398 2.134 484 98 83 24 42 3.1 7.349
279.5 2396 2133 486 99 82 24 42 3.2 7.349
279.75 2398 2.102 485 99 81 24 42 3.2 7.349
284.5 2402 2.187 490 99 86 26 43 3.2 7.349
284.75 2400 2.189 490 99 86 26 43 3.2 7.349
289.5 2400 2.142 486 99 84 24 42 3.2 7.349
289.75 2400 2.143 486 99 84 24 42 3.2 7.349
294.5 2402 2.151 486 106 89 23 44 3.2 7.349
294.75 2400 2.133 487 106 89 23 44 3.2 7.349
299.5 2402 2.183 491 97 84 26 40 3.2 7.349
299.75 2404 2.170 492 97 83 26 39 3.2 7.349
304.5 2396 2.215 493 101 85 25 45 3.2 7.349
304.75 2400 2.166 494 100 86 25 44 3.2 7.349
309.5 2400 2.221 490 102 87 24 45 3.2 7.349
309.75 2400 2.143 491 101 86 24 44 3.2 7.349
314.5 2402 2.109 502 102 93 27 42 3.2 7.349
314.75 2402 2.126 499 103 92 25 42 3.2 7.349
319.5 2402 2.265 504 100 86 25 43 3.3 7.349
319.75 | 2400 2.260 504 100 86 25 43 3.3 7.349




FN9°991 923 dayan1smaaatANnUNIWLATastWsn 4wl nduTaiaay

o S Ao o X o ~
AN12ZNIINNUN 1 ANIAILNT TaTuen 1-32

353

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
1 2400 2615 526 108 92 30 3.5 9.188
2 2400 2.616 530 108 94 30 3.6 9.188
3 2400 2.765 533 112 97 30 3.6 9.188
5 2400 2.585 535 102 92 27 3.6 9.231
6 2400 2.655 537 108 94 27 3.6 9.231
7 2400 2.721 535 110 97 27 3.6 9.188
8 2400 2.675 538 110 96 25 3.6 9.120
10 2400 2.641 530 103 92 24 3.6 9.143
11 2400 2.685 530 104 89 24 3.6 9.143
12 2400 2.675 535 105 91 26 3.8 9.188
13 2400 2.704 529 105 91 26 3.6 9.188
15 2400 2.822 543 109 96 31 3.6 9.049
16 2400 e 542 110 96 31 3.6 9.049
17 2380 2.701 542 11 98 28 3.6 9.188
18 2390 2.776 542 110 98 30 3.6 9.188
21 2386 2.812 543 112 |-102 30 3.6 9.143
22 2388 2.724 534 112 102 28 3.6 9.143
23 2388 2.773 539 111 99 27 3.6 9.188
25 2388 2.820 550 90 88 27 3.6 9.210
26 2388 2.779 544 107 98 26 3.6 9.210
27 2380 2.698 539 109 98 27 3.6 9.210
28 2380 2.709 533 108 99 26 3.6 9.210
30 2388 2471 509 105 92 31 3.5 9.231
31 2386 2.454 505 110 94 31 35 9.024
32 2386 2470 505 108 94 30 3.5 9.049




P3N 924 dayan1anARe LA NNUNIWLATaEWEN IdTinTulnauTaiaay

AN1ENINUR 1 ANNA9LNT F2Tue 33-65

354

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
33 2384 2.404 506 108 93 30 3.6 9.049
35 2380 2.501 512 97 90 29 3.6 9.238
36 2390 2.450 508 107 92 29 3.6 9.238
37 2380 2454 506 107 92 28 3.6 9.238
38 2370 2.534 504 108 88 29 3.6 9.238
40 2400 2.465 518 98 88 25 3.6 9.302
41 2398 2.530 519 105 94 25 3.6 9.302
42 2400 2.555 515 107 92 27 3.6 9.302
43 2398 2.540 519 106 90 25 3.6 9.302
46 2380 2.547 508 84 92 29 3.6 9.238
47 2383 2.466 507 85 93 29 3.6 9.238
48 2388 2.486 505 85 94 30 3.5 9.238
50 2402 2.445 507 99 90 30 3.5 9.238
51 2390 2.456 500 107 97 29 3.5 9.238
52 2384 2474 500 108 97 29 3.6 9.238
53 2340 2.444 513 11 99 28 3.6 9.302
55 2398 2.682 509 99 92 27 3.8 9.238
56 2398 2.584 511 106 95 26 3.6 9.204
57 2390 2.551 515 105 96 27 3.7 9.204
58 2376 2615 520 106 94 27 3.7 9.238
60 2368 2.465 507 107 94 32 3.5 9.302
61 2400 2.643 536 109 96 32 3.6 9.302
62 2400 2.656 535 112 | 100 30 3.7 9.302
63 2416 2.651 532 111 99 30 3.7 9.302
65 2400 2.560 517 101 95 28 3.6 7.198




FN397 925 dayan1anaaaLA NnUNIWLATastWsn 4wl nauTaiaay

AN1ZNINUR 1 ANNA9LNT F2TueN 66-98

355

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
66 2406 2.610 514 106 96 26 3.7 8.701
67 2408 2.578 515 108 95 28 3.6 8.701
68 2410 2.594 520 107 97 28 3.6 9.361
70 2396 2.690 527 107 94 25 3.4 9.188
71 2410 2.645 520 106 95 27 3.65 9.188
72 2394 2.736 519 107 95 27 3.7 9.188
73 2394 2.639 518 105 93 25 3.7 9.303
75 2396 2.671 524 110 | 100 32 3.6 9.188
76 2396 2.628 521 111 102 32 3.6 9.188
7 2400 2.619 520 111 99 29 3.6 9.143
78 2390 2.598 523 110 98 30 3.6 9.143
80 2394 2.636 511 107 96 28 3.6 9.188
81 2394 SRR 513 107 O 28 3.6 9.188
82 2392 2.599 514 106 94 27 3.6 9.188
83 2394 2.596 513 108 95 28 3.6 9.188
85 2380 2.566 519 106 97 28 3.6 9.188
86 2372 2.611 514 106 97 27 3.6 9.188
87 2370 2.626 516 106 97 26 3.6 9.188
88 2380 2.640 518 107 95 24 3.6 9.188
91 2400 2.660 548 111 | 100 30 3.6 9.188
92 2400 2.661 548 110 | 100 30 3.65 | 9.188
93 2380 2.670 554 111 98 30 3.6 9.166
96 2400 2.732 550 109 98 29 3.7 9.197
97 2390 2.659 553 110 90 31 3.7 9.175
98 2400 2.715 552 105 93 27 3.75 | 9.175




P399 926 dayan1anaaaLA NNUNIWLATastWEN IdTinTulduTaiaay

AN1ZNNINIUN 1 ANNA9LaT FaTued 101-135

356

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
101 2380 2.705 534 103 92 25 3.6 9.238
102 2380 2.634 534 103 92 25 3.6 9.238
103 2392 2.689 547 107 95 27 3.6 9.238
106 2420 2.798 563 107 94 27 3.8 9.238
107 2426 2.736 563 109 95 27 3.8 9.238
108 2426 2.783 564 109 95 27 3.8 9.238
110 2390 2.791 560 106 95 28 3.6 9.302
11 2390 2.748 559 106 96 28 3.6 9.302
112 2390 2.746 558 108 95 25 3.6 9.302
113 2380 2.802 562 109 95 25 3.6 9.302
116 2380 2.771 560 96 90 26 3.6 9.188
17 2394 2.772 561 96 90 26 3.6 9.188
118 2388 2.659 543 105 a9 25 3.6 9.188
121 2400 2.805 565 100 94 27 3.7 9.188
122 2400 2.841 565 105 96 27 3.7 9.188
123 2400 2.799 562 106 96 27 3.7 9.188
125 2396 2.746 556 105 96 27 3.6 9.231
126 2388 2.759 555 105 96 26 3.6 9.231
127 2390 2.803 567 108 97 27 3.6 9.231
128 2396 2.780 565 109 98 28 3.6 9.292
130 2388 2.733 553 108 95 27 3.6 9.238
131 2386 2.714 553 108 96 27 3.6 9.238
132 2396 2.760 558 109 97 26 3.6 9.238
133 2400 2.814 556 108 97 27 3.6 9.238
135 2402 2.671 556 112 | 100 29 3.6 9.188




P3N0 927 dayan1smaaatA NnunIWLATastWsn 4wl nauTaiaay

ANN1ENNINNIUN 1 NNNA9LNT FaTueN 136-171

357

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
136 2400 2.688 557 111 | 101 30 3.6 9.188
137 2400 2.714 554 | 111 | 102 30 3.6 8.567
138 2402 2.714 557 112 102 30 3.6 8.567
140 2400 2.641 548 106 97 28 3.6 9.238
141 2382 2.652 545 108 S 28 3.6 9.238
142 2382 2.659 546 108 97 28 3.6 9.238
143 2376 2.681 551 110 98 28 3.6 9.238
146 2402 2.749 559 109 99 26 3.8 9.302
147 2396 2.732 555 109 98 26 3.8 9.302
148 2400 2.793 561 108 97 26 3.8 9.302
151 2398 2.740 562 106 95 27 3.6 9.188
152 2398 2.738 563 106 95 27 3.6 9.188
153 2398 2.745 564 106 95 27 3.6 9.188
155 2392 2.704 544 105 94 26 3.6 9.188
156 2392 2.632 547 105 93 27 3.6 9.188
157 2390 2.687 546 105 94 27 3.6 9.188
158 2390 2.703 545 104 92 26 3.6 9.188
161 2390 2.839 551 106 94 26 3.6 9.188
162 2388 2.810 551 106 94 26 3.6 9.188
163 2388 2.741 553 110 94 26 3.6 9.188
165 2388 2.659 551 107 96 28 3.6 9.188
166 2390 2.650 552 108 97 29 3.62 9.188
167 2390 2.682 549 107 95 27 3.62 9.188
168 2390 2.647 552 108 97 29 3.62 9.188
171 2396 2.808 556 108 97 28 3.6 9.188




P399 928 dayan1anARa LA NNUNIWLATasEWEN IdTinTu auTaiaay

AN1ENNINNIUN 1 ANNA9LaT FaTued 172-205

358

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
172 2396 2.765 552 107 95 27 3.6 9.188
173 2396 2.730 554 106 96 27 3.6 9.188
176 2400 2.764 549 106 97 26 3.7 9.188
177 2400 2.701 549 109 99 26 3.7 9.188
178 2400 2.880 549 109 99 26 3.7 9.188
180 2400 2.722 552 106 94 27 3.6 9.188
181 2403 2.718 553 106 94 27 3.6 9.188
182 2400 2.800 556 106 94 26 3.6 9.188
183 2400 2.790 556 106 94 26 3.6 9.188
185 2390 2.693 550 104 93 27 3.6 9.188
186 2384 2.733 550 106 93 27 3.6 9.188
187 2386 2.789 554 104 92 26 3.6 9.188
188 2394 2.755 554 105 a9 26 3.6 9.188
190 2390 2.822 556 104 92 25 3.6 9.188
191 2394 2.797 557 104 92 26 3.6 9.188
192 2398 2.855 557 106 93 26 3.6 9.188
193 2396 2.823 557 106 93 26 3.6 9.188
196 2376 2.963 575 109 99 27 3.6 9.188
197 2376 2.960 552 110 99 27 3.6 9.188
198 2386 2.976 553 111 | 102 28 3.6 9.188
200 2406 2.931 556 108 96 27 3.62 9.188
201 2410 2.924 556 106 95 26 3.62 9.188
202 2400 2.831 550 107 96 27 3.6 9.188
203 2404 2.951 550 106 95 26 3.6 9.188
205 2386 554 107 96 26 3.7 9.188




FN3°991 929 dayan1anaaaLANNUNIWLATastWEn IdtiniulnduTaiaay

ANNZNIINTUN 1 NNNRILNT F2TaeN 206-242

359

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
206 2400 2.957 554 107 96 26 3.7 9.188
207 2412 2.849 556 108 96 27 3.7 9.188
208 2408 2.813 557 108 96 26 3.7 9.188
211 2394 2.761 557 108 94 27 3.6 9.188
212 2396 2.776 a7 108 94 27 3.6 9.188
213 2394 2.750 557 104 94 28 3.6 9.188
215 2400 2.827 556 103 91 25 3.8 9.188
216 2412 2817 557 104 92 27 3.8 9.188
217 2416 2.764 557 105 95 28 3.8 9.188
218 2412 2.762 557 105 93 28 3.8 9.188
220 2400 2.728 548 105 93 26 3.8 9.188
221 2400 2.702 545 105 92 26 3.8 9.188
222 2400 2.749 546 104 9g 26 3.8 9.188
223 2398 2.765 551 105 92 26 3.8 9.188
226 2390 2.857 559 106 93 26 3.6 9.188
227 2390 2.859 555 106 93 25 3.6 9.188
228 2390 2.835 561 106 93 25 3.6 9.188
231 2392 2.877 562 106 97 28 3.7 9.188
232 2376 2.899 563 103 94 28 3.7 9.188
233 2380 2.879 564 103 94 28 3.7 9.188
236 2424 2.908 544 100 93 24 3.8 9.188
237 2390 2.885 544 103 93 24 3.8 9.188
238 2384 2.846 544 103 93 24 3.8 9.188
241 2390 2.851 521 101 94 25 3.8 9.188
242 2390 2.863 521 101 93 26 3.8 9.188




F19°991 9-30  dayan1amaaatANNUNIWLATastWEn IdtiniulduTaiaay

ANNZNIINIUN 1 NNNRILNT F2Tae 243-282

360

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
243 2400 2.858 523 101 91 25 3.8 9.188
246 2420 2.826 528 98 91 26 3.8 9.188
247 2412 2.773 528 o7 91 25 3.8 9.188
248 2400 2.762 529 101 92 23 3.8 9.188
251 2394 2.722 528 100 90 23 3.8 9.188
252 2390 2.749 528 99 92 23 3.8 9.188
253 2385 2.682 529 102 92 24 3.8 9.188
256 2384 2.733 524 104 92 24 4 9.302
257 2398 2.853 521 102 93 24 4 9.302
258 2468 2.882 520 102 93 24 4 9.302
261 2394 2.693 523 99 87 23 3.8 9.188
262 2404 2.667 521 98 85 22 3.8 9.188
263 2400 2.688 523 98 85 22 3.8 9.188
266 2362 2.640 524 98 85 22 3.8 9.188
267 2400 2.650 523 98 86 22 3.8 9.188
268 2398 2.686 529 96 85 24 3.8 9.188
270 2400 2.776 529 96 85 24 3.6 9.188
271 2396 2.678 529 96 85 24 3.6 9.188
272 2396 2.751 540 103 89 28 3.6 9.188
273 2392 2.685 538 104 90 27 3.6 9.188
276 2400 2.725 546 103 90 27 3.8 9.188
277 2400 2.682 542 109 92 28 3.8 9.188
278 2400 2.745 542 109 90 26 3.8 9.188
281 2400 2.656 538 108 89 25 3.7 9.238
282 2400 2.684 536 105 89 25 3.7 9.238




FN9°991 9-31  dayan1amaaatANnUNIWLATastWsn 4wl nduTaiaay

ANNZNIINUN 1 NNNAILNT F2Tae 283-318

361

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
283 2386 2.732 535 102 89 26 3.7 9.238
286 2398 2.604 540 105 95 30 3.6 9.188
287 2398 2.587 540 105 94 30 3.6 9.188
288 2394 2.607 541 106 94 30 3.6 9.188
290 2384 2 55 521 104 90 28 3.6 9.188
291 2384 2.557 521 104 90 28 3.6 9.188
292 2372 2.588 523 102 90 29 3.6 9.188
293 2382 2613 525 102 90 28 3.6 9.188
296 2382 2.647 528 103 90 27 3.6 9.188
297 2390 2.567 528 103 90 27 3.6 9.188
298 2390 2.574 529 103 90 27 3.6 9.188
301 2394 2.606 540 106 93 28 3.8 9.188
302 2390 2.589 543 106 94 28 3.8 9.188
303 2390 2.605 543 106 94 28 3.8 9.188
305 2384 2.685 541 103 93 26 3.8 9.188
306 2386 2.733 540 104 95 27 3.8 9.188
307 2390 2.716 541 104 95 27 3.8 9.188
308 2390 2.705 541 104 95 27 3.8 9.188
311 2404 2.865 558 103 96 27 3.65 | 9.292
312 2400 2.886 560 105 94 27 3.65 | 9.292
313 2400 2.837 559 104 95 28 3.65 | 9.292
316 2384 2.744 543 105 94 29 3.6 9.188
317 2390 2.691 544 106 93 29 3.6 9.188
318 2386 2.754 543 106 94 29 3.6 9.188
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FN9°991 9-32  dayan1amaaatA NnUNIWLATastWsn 4wl nduTaiaay

ANN1ZNIINNUN 2 90% NNNAILINT FaTueh 3-64

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
3.5 2400 2.363 489 109 95 29 3.8 8.269
3.75 2400 2.449 492 109 93 29 3.8 8.269
8.5 2400 2.400 485 106 92 27 3.7 8.200
8.75 2400 2.372 491 104 92 25 3.7 8.200
13.5 2400 2.2 489 102 88 24 3.7 8.094
13.75 2400 2.520 489 102 87 26 3.7 8.094
18.5 2400 2.561 499 108 96 29 3.7 8.487
18.75 2400 2.507 500 109 97 29 3.7 8.456
23.5 2400 2.553 500 105 95 27 3.7 8.536
23.75 2400 2.560 502 106 94 27 3.7 8.536
28.5 2400 2.367 457 102 86 26 3.8 8.240
28.75 2400 2.289 462 102 87 26 3.8 8.240
33.25 2402 2197 454 104 90 30 3.7 8.877
33.75 2400 2.201 454 105 90 30 3.75 | 8.877
38.25 2400 2.347 474 106 90 28 3.75 8.877
37.75 2400 2.285 471 102 91 28 3.75 | 8.877
43.25 2400 2.325 468 104 88 27 3.7 8.702
43.75 2400 2.346 465 104 88 27 3.7 8.702
48.5 2412 2.636 486 7 95 30 3.35 | 8.877
49 2410 2.590 486 78 95 29 3.4 8.877
535 2404 2.436 483 109 95 30 3.7 8.877
53.75 2400 2.483 479 106 94 28 3.7 8.877
58.5 2412 2.492 480 104 94 27 3.8 8.877
59 2412 2.466 482 102 93 27 3.8 8.877
63.25 2402 2.418 485 110 98 30 3.7 8.877
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FN9°991 9-33  dayan1amaaaLANNUNIWLATastWEn IdtiniuldauTaiaay

AN1ENITNNIUN 2 90% NNNAILINT FaTuaR 64-124

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
63.75 2400 2.419 487 108 96 28 3.7 8.877
68.5 2414 2.448 478 103 91 27 3.8 9.115
68.75 2408 2.463 473 105 90 28 3.8 8.679
73.25 2402 2.276 472 102 90 25 3.75 | 9.187
73.75 2400 2.386 473 102 91 27 3.8 9.187
78.25 2406 2.291 459 106 90 30 3.8 8.200
78.5 2406 2.290 459 105 91 31 3.8 8.200
83.5 2398 2.341 458 103 87 28 3.8 8.200
83.75 2388 2.301 463 101 88 26 3.8 8.200
88.5 2398 2.357 462 102 86 24 3.8 8.303
88.75 2390 2.369 462 99 86 24 3.8 8.303
935 2402 2.430 491 107 93 30 3.8 8.269
93.75 2400 2.425 492 107 94 30 3.8 8.269
98.5 2408 2.454 492 100 88 27 3.8 8.590

99 2402 2415 492 100 89 26 3.8 8.590
103.5 2400 2.371 496 103 89 29 3.8 8.269

103.75 | 2400 2.413 496 103 89 29 3.8 8.269
108.5 2400 2.623 525 107 93 27 3.7 8.609
108.75 | = 2396 2.541 525 106 92 27 3.7 8.609
113.5 2400 2.590 506 104 88 26 3.8 8.269
113.75 | 2396 2.541 506 104 88 26 3.8 8.269
118.5 2402 2.558 524 107 93 27 3.7 8.269
118.75 | 2400 2.543 525 107 93 27 3.7 8.269
123.25 | 2410 2.502 499 103 88 27 3.8 8.269
123.75 | 2408 2.468 494 104 89 26 3.8 8.269




FN31991 9-34  dayan1amaaaLANNUNIWLATastWEN IdTinTulauTaiaay

ANNZNIINTUR 2 90% NNNAILNT FaTue 128-189

364

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
128.5 2400 2.408 491 101 89 27 3.75 8.269

128.75 | 2396 2.407 491 101 89 26 3.75 | 8.269
133.5 2400 2.630 515 103 90 26 3.8 8.877

133.75 | 2400 2.568 515 104 90 27 3.8 8.877
138.5 2396 2.564 i 4 105 94 28 3.7 8.567

138.75 | 2390 2.521 513 105 93 28 3.7 8.567

143.25 | 2396 2.559 525 107 96 26 3.8 8.877

144 2384 2.548 528 106 94 26 3.8 8.877

148.75 2400 2.550 508 102 88 25 3.8 8.791

149 2404 2.527 514 103 89 26 3.8 8.791

153.5 2398 2.437 482 99 87 27 3.8 8.269

153.75 | 2402 2.373 483 99 87 27 3.8 8.269
158.5 2396 2.493 495 101 87 28 3.8 8.269

158.75 | 2398 2.504 495 100 87 27 3.8 8.269
163.5 2398 2.450 488 100 87 26 3.8 8.269

163.75 | 2398 2.484 488 100 87 26 3.8 8.269
168.5 2394 2.372 482 101 88 27 3.7 8.269

168.75 | 2392 2.463 487 100 88 26 3.7 8.269
1735 2400 2.349 486 101 89 26 3.8 8.269

173.75| 2400 2.390 485 101 89 26 3.8 8.269
178.5 2400 2.426 485 101 89 26 3.8 8.269

178.75 | 2394 2.395 489 102 88 27 3.8 8.269
183.5 2404 2.521 516 103 90 27 3.8 8.269

183.75 | 2403 2.539 516 103 91 27 3.8 8.269
188.5 2390 2.417 499 103 88 27 3.8 8.269
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FN39991 9-35  dayan1anaaaLANNUNIWLATastWEn IdtiniulauTaiaay

ANNZNIINTUN 2 90% NNNAILNT FaTueN 189-249

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
188.75 | 2390 2.423 499 102 88 26 3.8 8.269
193.5 2394 2.433 500 103 88 25 3.8 8.269
193.75 | 2398 2.423 498 103 88 25 3.8 8.269
198.5 2400 2.589 488 103 89 27 3.8 8.269
199 2398 2.589 488 103 89 28 3.8 8.269
203.25 | 2392 2.504 482 100 88 26 3.8 8.269
203.75 | 2390 2.494 487 99 87 26 3.8 8.269
208.5 2394 2.350 486 100 87 26 3.8 8.269
208.75 | 2400 2.353 485 100 87 26 3.8 8.269
213.5 2400 2.537 485 100 88 27 3.8 8.269
214 2400 2.460 489 100 88 27 3.8 8.269
218.5 2398 2.427 516 99 88 26 3.8 8.269
219 2396 2.374 516 101 87 28 3.8 8.269
223.5 2396 2.411 499 100 86 26 3.8 8.269
223.75 | 2396 2.369 499 101 87 26 3.8 8.269
228.5 2394 2.409 500 103 88 26 3.8 8.269
229 2398 2.415 498 102 88 26 3.8 8.269
233.5 2398 2.467 515 100 89 27 3.8 8.269
234 2396 2.464 515 97 87 25 3.8 8.269
238.5 2388 2.517 512 103 88 26 3.8 8.269
238.75 | 2390 2.524 513 102 87 25 3.8 8.269
243.5 2400 2.529 525 105 89 25 3.8 8.269
243.75 | 2400 2.501 528 103 88 26 3.8 8.269
248.5 2410 2.433 516 99 86 24 3.8 8.269
248.75 | 2400 2.428 516 97 84 23 3.8 8.269




P399 9-36  dayan1anAaaLANNUNIWLATasEWEN IdTinTu nauTaiaay

ANNZNIINTUN 2 90% NNNAILNT FaTueh 254-314

366

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
253.5 2408 2.553 499 98 88 24 3.8 8.269

253.75 | 2400 2.551 499 97 87 25 3.8 8.269
258.5 2400 2.582 500 102 86 25 3.8 8.877

258.75 | 2396 2.495 498 100 85 25 3.8 8.877
263.5 2404 2.260 500 95 85 22 4.5 8.269

263.75 | 2402 2.266 498 95 84 23 4.5 8.269
268.5 2386 2.451 486 96 82 22 3.8 8.269

268.75 | 2394 2.448 464 96 82 23 3.8 8.269
273.5 2398 2.435 469 98 84 28 3.8 8.269

273.75 | 2380 2.353 468 98 84 28 3.8 8.269
278.5 2398 2.584 484 100 89 26 3.8 8.337

278.75 | 2394 2.460 486 100 87 27 3.8 8.337
283.5 2392 2.405 464 98 85 25 3.8 8.269

283.75 | 2392 2.517 465 98 85 25 3.8 8.269
288.5 2400 2414 479 103 85 29 3.8 8.269

288.75 | 2402 2.341 479 103 86 29 3.8 8.269
293.5 2400 2.372 469 98 84 27 3.8 8.269

293.75 | 2398 2.362 470 98 85 27 3.8 8.269
298.5 2398 2.349 466 99 84 27 3.8 8.269

298.75 | 2392 2.346 466 99 84 27 3.8 8.269
303.5 2388 2.361 473 101 87 28 3.8 8.269

303.75 | 2394 2.309 470 100 86 28 3.8 8.269
308.5 2384 2.306 471 98 86 26 3.8 8.269

308.75 | 2384 2.327 468 97 87 25 3.8 8.269
313.5 2400 2.345 470 100 86 25 3.8 8.269




FN3°991 9-37  dayan1amaaata ununIuLATastwsn 4wl aulaiaay

ANNZNINTUN 2 90% NNNAILNT FaTue? 314-319

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
313.75 2402 2.362 470 97 86 25 3.8 8.269
318.5 2400 2.398 486 103 90 29 3.8 8.269
318.75 2400 2.430 486 103 90 29 3.8 8.269
P97 4-38 i@;ﬂmmimmmumfnmumum?'mﬂuﬁﬁﬁ{i’]ﬁumﬁmi@Laau
annznIanaui 3 80% Arndanied daluet 4-40
Engine | Speed FC (avg) Temperature ("C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
4.5 2400 21147 439 106 91 28 3.8 7.350
4.75 2400 2.1321 440 105 89 28 3.8 7.350
9.5 2400 2.0577 440 103 87 26 3.8 7.350
9.75 2400 2.1436 442 100 85 26 3.8 7.350
14.5 2400 2.2602 444 99 84 25 3.8 7.350
14.75 2400 2.2445 445 100 84 25 3.8 7.350
19.5 2400 21874 444 104 92 28 3.8 7.350
19.75 2400 2.2081 442 104 89 30 3.8 7.350
24.5 2400 2.4165 457 99 86 26 3.8 7.350
24.75 2400 2.4150 460 102 88 25 3.8 7.350
29.5 2396 2.1511 428 101 86 26 3.8 7.378
29.75 2396 2.1501 428 100 86 26 3.8 7.378
34.25 2396 2.1306 437 102 86 29 3.8 7.350
34.5 2396 2.1586 437 100 86 29 3.8 7.350
34.75 2390 2.0882 438 102 87 30 3.8 7.350
39.25 2400 2.0345 421 100 84 27 3.8 7.350




FN91991 9-39  dayan1amaaatANNUNIWLATastWEN IdTiniulnauTaiaay

AN1ENINNIUN 3 80% NNNAILINT FaTuad 40-100

368

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
39.75 2392 2.1515 418 99 86 27 3.8 7.350
44.25 2400 2.0482 422 100 85 26 3.8 7.350
44.75 2400 2.0845 422 102 84 25 3.8 7.350
49.25 2400 2.0372 422 - 88 29 3.6 7.350

50 2392 2.2050 420 73 87 27 3.6 7.350

54.25 2400 2.0929 420 100 89 27 3.8 7.350
54.75 2400 21760 419 98 84 27 3.8 7.350
59.5 2384 2.2316 430 98 87 27 3.8 7.460
59.75 2384 21762 420 98 87 26 3.8 7.460
64.5 2412 2.1448 435 103 90 28 3.8 7.198
064.75 2412 21784 435 103 88 28 3.8 7.198
69.5 2394 2.1547 430 100 87 26 3.8 7.509
69.75 2390 2.1490 431 100 86 27 3.8 7.509
74.5 2400 2.0907 423 97 85 25 3.8 7.405
74.75 2400 2.1193 422 96 84 25 3.8 7.378
79.25 2400 2.1709 446 100 86 28 3.8 7.350
79.75 2400 21922 446 102 89 29 3.8 7.350
84.5 2390 2.2309 455 100 86 27 3.8 7.350
84.75 2390 2.2187 457 101 88 27 3.8 7.350
89.5 2400 2.1789 447 100 85 24 3.8 7.350
89.75 2394 2.2115 448 100 84 25 3.8 7.350
94.5 2400 2.2241 451 102 86 25 3.8 7.378
94.75 2396 2.2254 451 100 87 28 3.8 7.378
99.5 2394 2.3121 464 99 87 26 3.8 7.350
99.75 2394 2.2902 464 97 86 26 3.8 7.350




FN3°97 940 dayan1anaaaLANNUNIWLATastWEn IdTiniulduTaiaay

AN1ZNNINUN 3 80% NNNAILNT F2Tue 104-165

369

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
104.5 2396 2.3039 472 100 85 26 3.8 7.350

104.75 | 2396 2.2732 472 101 87 26 3.8 7.350
109.5 2396 2.1840 444 100 85 27 3.8 7.350

109.75 | 2396 2.1980 444 99 86 27 3.8 7.350
114.5 2398 2.4656 476 101 85 26 3.8 7.350

114.75 | 2398 2.4239 474 100 86 26 3.8 7.350
119.5 2400 2.2003 442 101 84 27 3.8 7.350

119.75 | 2400 2.2247 443 98 87 28 3.8 7.350

124.25 2410 2.3624 475 103 88 27 3.8 7.350

124.75 | 2408 2.3617 474 103 87 26 3.8 7.350
129.5 2400 2.2923 471 100 86 27 3.8 7.350

129.75 | 2396 2.2646 471 101 86 27 3.8 7.350
134.5 2404 2.2054 443 100 86 27 3.8 7.350

134.75 | 2404 2.1698 443 100 86 26 3.8 7.350
139.5 2396 2.2402 452 100 86 28 3.8 7.698

139.75 | 2396 2.2380 454 98 87 28 3.8 7.698
144.5 2388 2.2394 456 99 86 26 3.8 8.021

145 2396 2.2491 462 100 85 26 3.8 8.021

149.25 2404 2.2470 453 100 86 28 3.8 7.350

149.75 | 2404 2.2329 454 100 87 27 3.8 7.350
154.5 2400 2.2621 468 97 84 27 3.8 7.350

154.75 2402 2.2812 470 97 85 27 3.8 7.350
159.5 2396 2.3111 459 97 84 27 3.8 7.350

159.75 | 2396 2.2480 459 98 85 27 3.8 7.350
164.5 2398 2.2136 458 97 84 27 3.8 7.350




FN397 941 dayan1amaaatANnUNIWLATastWsn 4wl nduTaiaay

AN1NZNNINTUN 3 80% NNNAILNT FaTue 165-225

370

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
164.75 2398 2.2151 458 97 82 27 3.8 7.350
169.5 2396 2.2672 461 99 86 28 3.8 7.350
169.75 | 2396 2.2377 463 99 88 26 3.8 7.350
174.5 2398 2.3088 472 100 87 27 3.8 7.350
174.75 2400 2.3028 472 100 87 27 3.8 7.350
179.5 2398 2.2984 482 103 90 27 3.8 7.350
179.75 2412 2.4023 482 100 90 27 3.8 7.350
184.5 2390 2.2092 467 100 86 26 3.8 7.350
184.75 2390 2.2408 467 100 87 27 3.8 7.350
189.5 2394 2.3118 474 100 86 26 3.8 7.350
189.75 | 2398 2.2898 475 100 86 26 3.8 7.350
194.5 2402 2.3363 478 101 86 26 3.8 7.350
194.75 2400 2 S5 478 101 86 26 3.8 7.350
199.5 2402 2.4866 468 101 88 27 3.8 7.350
200 2394 2.4860 468 99 87 26 3.8 7.350
204.5 2400 2.3972 462 99 84 26 3.8 7.350
204.75 | 2400 2.3681 467 99 86 26 3.8 7.350
209.5 2394 2.2196 466 99 85 26 3.8 7.350
209.75 | = 2394 2.2204 465 98 84 26 3.8 7.350
214.5 2398 2.2472 465 99 84 26 3.8 7.350
214.75 2398 2.2475 478 99 83 26 3.8 7.350
219.5 2400 2.2964 490 98 85 26 3.8 7.350
220 2404 2.3156 490 99 88 26 3.8 7.350
224.5 2392 2.2262 475 98 87 26 3.8 7.350
224.75 | 2390 2.2572 475 98 87 26 3.8 7.350




P3N 942 dayan1anaae LA NNUNIWLATasEWEN IdTinTulnduTaiaay

ANNZNIINITUN 3 80% NNNAILNT F2Tue 229-290

371

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
229.5 2400 2.3733 480 101 86 27 3.8 7.350

229.75 | 2400 2.3926 480 100 86 27 3.8 7.350
234.5 2398 2.3439 495 98 86 26 3.8 7.350
235 2396 2.3111 495 98 87 27 3.8 7.350
239.5 2400 2.3041 490 96 86 26 3.8 7.350

239.75 | 2400 2.3088 489 96 85 26 3.8 7.350
244.5 2396 2.3116 490 96 85 24 3.8 7.350

24475 | 2396 2.3151 490 96 85 24 3.8 7.350
249.5 2410 2.2331 486 96 84 23 3.8 7.350

249.75 | 2390 2.2549 486 97 86 25 3.8 7.350
254.5 2400 2.3857 480 97 85 25 3.8 7.350

254.75 | 2395 2.3488 478 98 83 28 3.8 7.350
259.5 2396 2E3825 480 96 83 24 3.8 7.350

259.75 | 2394 21213 480 96 83 24 3.8 7.350
264.5 2398 2.2979 476 95 81 22 3.8 7.350

264.75 | 2374 2.2124 476 95 82 22 3.8 7.350
269.5 2402 2.2470 460 95 81 23 3.8 7.350

269.75 | 2394 2.2410 460 95 81 23 3.8 7.350
274.5 2398 2.2759 448 99 86 27 3.8 7.350

274.75 | 2398 2.2758 446 97 84 26 3.8 7.350
279.5 2396 2.3126 445 98 85 27 3.8 7.350

279.75 | 2394 2.2563 444 98 86 25 3.8 7.350
284.5 2396 2.2459 444 97 83 24 3.9 7.350

284.75 2396 2.2447 444 96 82 24 3.9 7.350
289.5 2404 2.2621 454 99 85 28 3.8 7.350




P39 943 dayan1anaaa LA NNUNIWLATastWEN IdTiniulnduTaiaay

AN1NZNNINTUN 3 80% NNNAILNT F2Tue? 290-320

372

Engine | Speed FC (avg) Temperature (°C) P disc. | Power
Hour | (rev/min) (kg/hr) Exhaust | Oil | Water | Intake | (bar) (kW)
289.75 | 2404 2.2549 453 99 85 28 3.8 7.350
294.5 2402 2.2408 446 96 83 26 3.8 7.350
294.75 | 2398 2.1814 446 97 85 26 3.8 7.350
299.5 2394 2.2959 445 98 83 26 3.8 7.350
299.75 2400 2.2872 444 97 83 26 3.8 7.350
304.5 2394 2.3059 454 99 87 28 3.8 7.350
304.75 | 2400 2.3311 454 98 86 27 3.8 7.350
309.5 2396 2.3426 460 98 86 27 3.8 7.350
309.75 | 2396 2.3343 461 98 85 27 3.8 7.350
314.5 2394 2.3024 444 100 88 27 3.8 7.350
314.75 | 2390 2.2160 443 98 85 27 3.8 7.350
319.5 2396 2.2083 442 100 86 26 3.8 7.350
319.75 | 2396 2.2136 442 99 84 26 3.8 7.350
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