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# # 4970476521 :MAJOR MECHANICAL ENGINEERING
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PIPAT TANTIVEDCHAKARNWONG : A COMPARATIVE ANALYSIS OF ENGINE
COMBUSTION AND PERFORMANCE OF A SMALL Cl ENGINE FUELED WITH
CRUDE PALM OIL, PALM OLEIN OIL, AND DIESEL. THESIS PRINCIPAL
ADVISOR : ASSC. PROF. KANIT WATTANAVICHIEN, Ph.D., 272 pp.

The objectives of the study are aimed to study the effects of Crude Palm Oil (CPO) and Palm Olein Oil on
engine combustion phenomenon and engine performance compared with using diesel. The study also extends to
investigate the effects of fuel injection timing on the engine combustion. This study had been conducted with the CI
engine, KUBOTA model RT140 DI, The study was divided inlo three paris. First part was performance testing on a
dynamometer, The combustion were analyzed using in-cylinder pressure data of these three types of fuels. While
testing CPO and Palm Olein Oil, the effects of injection timing were also investigaled. It was found thal advanced
injection timing will give the highest in-cylinder pressure but it was decreased when the retarded timing were sel. With
the change of fuel injection timing, heat release rate, integrated heal release and mass fraction bumed were
changed. Moreover, ignition delay will become shorer and burn duration will become longer when the injection timing
is more retarded. The second part of the study was determining the proper injection timing of using CPO and using
Palm Olein Oil by determining the optimum specific fuel consumption and the brake fuel conversion efficiency when
the frequency from the standard testing method, ESC Test Cycle, had been applied. The study has shown that OEM's
injection liming was the most proper injection timing for both CPO and Palm Olein Qil, However, from the results of
analyzing the combustion of these three types of fuel at standard injection timing, it was found that the engine using
diesel has more retard in injection timing than the engine using CPO and Palm Olein Oil. The oblained maximum heat
release rate, inlegrated heal release and mass fraction bumed of engine fueled with the CPO and the Palm Clein Oil
were lower than diesel. Al low-load conditions, the maximum values of in-cylinder pressure when fueling with CPO
and with Palm Olein Qil were higher than that of fualing with diesel. And at high-load condilions, the resulls were in the
opposite way. The third part was performance test al steady siate, constant speed conditions on dynamometer by
using the proper injection timing (OEM's injection timing). The study has shown that the maximum torgue of the
engine using Palm Olein Oil was closed to the maximum torque of the engine using diesel but the maximum forque of
the engine using CPO was approximately 3.6% lower than the others. Specific fuel consumption of the angine using
CPO was not different from using Palm Olein Oil bul both were higher than using diesel. The highest fuel conversion
efficiency of using CPO and using Palm Olein il were lower than that using diesel, Exhaust lemperatures of the
engine using CPO and using Palm Olein Oil were higher than the engine fueled with diesel. Smoke density of the
engine using CPO was higher than the engine using diesel and was a little higher than the engine using Palm Olein
oil,

Finally, this study can be concluded that diesel could be replaced by CPO and Palm Olein Qil. The study
shown that if this engine’s model, which using in this study, was brought to regular use, the standard fuel OEM's
injection timing can be the best maich for these two types of Palm Qils.
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Straight-run Distilled 805 -870 kg/m3
Hydrocracked Gas Oil 815 -840 kg/m3
Thermally Cracked Gas Oil 835 — 875 kg/m’
Catalytically Cracked Gas Oil 930 - 965 kg/m3

214 ANuKURA (Viscosity)
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218 Usunudanas (Sulphur Content)
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n. Unnsenlalnsada (Hydrolysis)
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F11379% 2-3 WAPNADIANLTATDTDNAINARADL
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d dm; dm duU
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Al p, = p, + Ap @1n19 (3-6) Angilualléiily
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Company, England
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Resolution 0.1 kg

AMNENILIUANAA (L) 0.03525 m

ffegegafianunsauls 150/7500 CV/rpm, (1 CV = 0.986
hp)
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ﬁlﬁﬂ, U OMRON, E2E-X2D1-N
uaduEUARINANg 8 mm (M8)

Type Shielded

Sensing Distance 2mm = 10%
Operating Voltage 12 to 24 VDC
Leakage Current 0.8 mA max.

Response Frequency

1.5 kHz (1,500 pulse/sec)

Operation

Load ON

Indicator

Operation set indicator (green

LED)

Ambient Temperature

-25°Cto 70°C

Vibration Resistance

10 to 55 Hz

Weight

Approx. 45 g
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rpm = (pulse/sec) x 60sec -
(tooth no./rev.)

FIN9199 4-4 UAAITRYANIINATIATINAARN N 1T TUN1TUAAIHAAIINITITALILATARIE

e, Ju4 DIGICON, PM-05

Power Supply 100-240 VAC 50/60 Hz
Power for External Sensor 12 VDC £ 10%, 80 mA
Measuring Accuracy F.S. £0.05% rdg * 1 Digit.
(231 5°C)

Measuring Range 0.0005 kHz to 50 kHz

Input Signal Max. 50 kHz(ON/OFF pulse)

(ON voltage : 4.5-24V,
OFF voltage : 0-1.0V)

Max. Indication 5 digit (19999 to 99999)

Display Accuracy (Update 0.05/0.5/1/2/4/8 sec

Output Cycle)
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P399 4-5 wanstayanwmatiavesndan ldindnsn1sdulanaimamas

Model JADEVER JWA - 60K
Capacity 60 kg

Resolution 249

Capacity 120 b

Resolution 0.005 Ib

Internal Resolution 1/600000

Pan size 320 x 240 mm

Sensitivity Drift

20 ppm /°C (5-35°C)

Operating Temperature

-5 °C-40 °C

Display LCD with backlight, 7 digits

Power 110, 120, 220, 240VAC+10%,
rechargeable battery for 60 hours

Dimension 390L x 345W x 120H (mm)

Option Module

1. Bi — direction RS232 Module Box

2. Relay Module Box
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tafnfuvialeds uazveandmiuuialed@acnwdinszuangu

i - o 21071 4-18 LAALAIRIENUANATIA FU
317 4-17 wassnmilugaleide $1 ETD 020.00 § :

ETD 020.50
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U, LAFANATUAIAINAN §14 ETD 020.50 iluiezadauatauidusasasin

k4 o

o 1 an = = 1 1 .
ATUUNTEANENTEN LAANATAILATATAIADALTAILLAY NANADETEUIN 0-10 Bosch  Unit

1
A 1 = L Aa o

1 v -
Number ANHNAZIALA 0.1 LHAAILAULAAIAN O mmwmmwmmmﬁmmmuﬁmmﬁ@w%

q

[

A1F2LATLAAIAN 10 UNILAMNINRITANNAZALTU ANAEN UTaRANAT 100% T

q

wauA1aduan neluazilsznauson Photo Element Juasumaunsenatsiiviaan i uasi

8

anedy g udiATassIuAY MANNIMINNNUABLNANAINTET1UAT viaan lWazRa LA

a o

1 dl [ = % [ [
‘V!\‘]‘ﬂ@ﬂ1ﬂL3~l‘ﬂﬂ§‘$‘V]‘LlﬂUNQ FIt) (NILABNTAN) ATHNITALNDUNAL Photo Element aZgULL&

azfeuiuudolasududy o aliildusuane Wi lddesauaiaduaiuaz iansan

aanuluAoaTFauas TUNTiNNIzAIENIBIINLTANE WAIRTATRaUNALNIMNA Photo

- o

Element azdsdnyyrnuiunszualvifnd faiagazuanin 0 dinsza1enIasnIainay

v
1 o

A Y o 1 L4 o =®
panausasliianun Widnnsasieundu adldfidymnnindelldueiesin fiazazuans
AN 10 Aananslugii 4-19 Tun1sdam1aINnIzAENTa9aLyiaNI9dn 5 Auuua laun

rﬁhmeuu, Nany, Z\]"N, T8 WAZTIN URINTTAL @Wﬂﬁuﬁltﬂqﬁ%ﬂaﬂﬁﬂﬂ 5 ANTAAN BN

q
4
Q3

W lunisdarusazqanaaat azNIN133nAIATUANTN 3 AFILATUIAIRALFaNTean

o vy = A4 9 A
NPABL LW@Iﬁlﬁﬂ@N@VINﬂQ’]Nﬂ@’]ﬂLﬂ@‘ﬂuuﬂﬂ‘ﬂ@ﬂ

a

SMOKE DENSITY TEMPLATE

| 4

| 1o8sy | 1sesu | 208su | 258sy 308U |
| é‘? . :.f
| |
I_JSBSU HIBS»U 4.5 BSL 5.0 850 5.5 BSU |

ﬂnﬂ-@u. J._.E_!"_E.‘ﬁ.'-' 6885y rsesu_ | soBsU {

=

‘]Jﬂ 4-19 memamqm”mwmmﬂ‘*ﬁummmmmumL‘].I??ﬂuwmmu Bosch Unit

Number

4219 msguiduthaumy

'
a

guninidmiuguuaaruanguunRaeasindul duau iR g laian
N1 45°C e Widuthduauianuuiiniligeawiuld dsznaudae
v 2 Yo 9°/ o . Aa 1 a | o 96/ o dgl a d’
n. udaaN  ldguididiuldununewnnlddeuinduiaengs 19a1un9n

v !
dsussAngaumnils Asuandlugii 4-20
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717 4-20 uwanndiasinnldlunmeasy

=l (4 a

. Fmmasuuusialn Mguindulduavideansesiniusomaslans
MAUNNALAE Iaiunsudsfonenldnsas Aananslugilin 4-21 Dagiin 4-23 uazuans

v a o dl
PRHANWNAUAAIATTINGN 4-6

917 4-21 uansEMmasiuuans 917 4-22 uansdnansasiany

v
o

717 4-23 uamsnnsiassEnmefuuuane IdnAudianseslans Tuangldanu



F11379% 4-6 uansdayaniamatinzesdninasuuuans i [23]
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Lﬁﬁﬁwwﬁl 10°C 22 W/m
5151 230 VAC
grunyHaeans vgegqa 65 °C
anungfian Igegafisianisane vl 85 °C

AUA 8.5x3.9 mm.

4.2.1.10 Piezoelectric Pressure Transducer

AMFUNII LA LA LANIANN AT RN I LA AN AULEA LN AI AN

Pinanld Piezoelectric Pressure Transducer @dlasiialiludnlnseadrgazilsznavsmanan

- = | A ° = A =
poand feazanatlszqlvineenuiiefusannszinuunan  ngilszqnanaeanunayi

=~ 0
LUIRNLINNNTENA

AN

Tunredamnusulusdaannviazld Pressure Transducer fl%ia AVL U

GU12P Asgiil 4-24 Rasenuuenguasdirsasaus Aauanslugili 4-26 Talsaazidans

AN919N 4-7

F113719% 4-7 UARIANIANLTATD4 Pressure Transducer 8%8 AVL §14 GU12P

Fannaiasaus 0-20 Mpa
Overload 25 Mpa
Sensitivity 150 pC/MPa
Linearity < +0.3% FSO

Acceleration Sensitivity

< 0.001 bar/g

Shock Resistance > 2000 g
do9gauuna Ideuling 400°C
Insulation Resistance 1 20°C >1013 Q2

AN Capacitance

7 pF

Thermal Sensitivity Shift

994 20-400°C

<+2%

494 200-300°C

< +0.5%
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Tun1sdamausunviasnaiainaaas bd Pressure Transducer %8
KISTLER 1 607C1 A4gi#l 4-25 neifinfia Pressure Transducer LWV@ANainsiuimaLngs

L v & 1 1 1
doesendniiuindumemasiuingn Auanaluglil 4-26 TleazREARAENIN 4-8

4

F119797 4-8 UARIANIANLTATEY Pressure Transducer &% Kistler §14 607C1

Man19 149U 0-482,633 kPa
A FLT T A gegn 698,476 kPa
AN Sensitivity -0.0174 pC/kPa
grungN et ludaq -196-260°C
MUY Intermittent Gas Temperature 1650°C

A1 Temperature Coefficient of Sensitivity 0.02%/°C

9117 4-25 LAANNINABY Pressure

2119 4-24 LAAININUDI Pressure Transducer A115L

o v a5 Y Transducer AUFUIAAINNALS
Qﬂﬂ%&l@ﬂi&ﬂﬂx‘l LN']VLVIN

dslj a dl Y o A
FIRLWANNNINGATVIRA

9117 4-26 uARIAUMIINIIRAFY Pressure Transducer A miudnannusuluiasnn luluay

o dg’ a dl Y o a
AIMNAULTRLNRAINNINLLINIRA
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1399 DEWE-Book tlugtlnsninldluntsifiudeyamnusuluiawnlud
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o dlz’ a dl Y o A a Y v .
LAZAIMNAULTBALNAINNILATIUIRA TmmLm’w:mmﬂ@mﬂﬂmm‘u Combustion Analyzer

Version 6 M launsniiudayaaiusunuy Real-time T dauanalugiyn 4-27 Gaiidoya

a o/ dl
NIUNAUANNFANTINN 4-9

FIN99N 4-9 UAAIANIANLTATELATEY DEWE-Book

General Specification

Resolution

-0.1 degree with crank angle encoder at up to 8000

rpm on 1 channel

-0.2 degree resolution with 4 channel up to 6000

rmm

Result Display

Online mathematics and statistics

Fast online displays (pressure diagram,P/V

diagram,...)

Function

Powerful knocking recognition capability

Z1 MS/s)

Fast stream to disk mode

Input Specification

Max. Channels

32

Internal Amplifier Slot

16

Sampling Rate

Up to 1 MS/s total

150 V (Isolated)

Charge

Resolution 12 bit
Input
10V Standard

DAQP-V modules
DAQP-CHARGE-X modules

Crank or CA Input

Isolated
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4.2.1.12 Charge Amplifier

ﬁﬂm’iﬂﬁ'LLﬂmziﬁyzywmﬂn*ﬂﬂﬁﬁ@'wa@@ﬂmmn Piezoelectric Pressure
Transducer Wiiludtynrouusesulufin (Analog) L‘ﬁ’ﬂﬁﬂﬂLL@@QN@V?‘@?J?ZNQ@N@SM@@:IH
qtluuufigeanissielyl Tneld Amplifier 1 DAQP-CHARGE-A 2 i iftautlasdayayiniann

Fuel Line uaz Main Chamber fauandlugiin 4-28 Insidoyaniaumnatinfaniasn 4-10

UM 4-27 uanaAzRy DEWE-Book

" ]
- st
Treef

4

717 4-29 uaRa Crank Angle Encoder &% Kistler $14 26138
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F11379% 4-10 uansdayan1amaiin Amplifier § DAQP-CHARGE-A

4.2.1.13 Crank Angle Encoder

Crank Angle Encoder \ugilnsnidnuiudnyudeivneaadipsesaus e
S 4

detay a1yl DEWE-Book N31u0eyNa1Mdee18aiATe st ufuazANLTITa AT La

Crank Angle Encoder nl41flugisia Kistler 1 26138 HanwurAvgUn 4-29 Tnelduans

FALLDEIA M AIAITIN 4-11



F11379% 4-11 uansdayan1amaiiney Crank Angle Encoder i%e Kistler {4 26138
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PANNITNNL WLl Infrared Transmissive Lightgate

Crank Angle Encoder Disc WU 360 Angle Marks, wEauiu 1 Trigger Mark
Dynamic Angle Shift < £0.02 mm%ﬂmﬁlm 17{ 10.0 rpm

FIAINNLTY 1-20000 rpm

ANAudzineunaeniuldgedn | 150 g

a q

gramnRuandaniiean b -30°C 19 +60°C

ANIAIANNUNGTYIAY <1 Watt %1 1000 rpm

422 A8nsnagaudnnnunuluiasri il

4221 nINARauInANARTURaIR R NaIAINITAALTALNARS

nsnaaauANNALluTaILN Ind
I - o0 & laem . 2 o
denasivaNTiin nezinluiesdimnnsnan1izasda NnNsTuazAFITaL A Nas
qanaaey T9qanageui iU AnulasniaindgdnsnimeaeuniNninggIu ESC  Test
Cycle (N1AKWIN A) NA1IAR 91

AFENARDUANNIZAL WHWA A 25% Load (11 N-m), %1 50% Load (23 N-m) waz# 75%

HIATITU
LS

&

A o

v
%

Load (35 N-m) Aatiuqanagauiliaanlun1amagauiasilianun 9 qn aAggiln 4-30

9117 4-30 uansqan linaaaumusuluieaN lud

NOIANNIIAALTLNAININT IR

NINARAUNANLFITAL 1400, 1700 waz 2100 rpm 9
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1
=

lunimazauaznIN1sTnA N R lLEaLl IS UAN, ANNFUITaINAST

¥

o = 1y A e R 9 Y dl °
NIATNNIRA  LATDIANNRANUBDLNAQLIN Iﬁﬂuumﬂm@ﬂu@nﬂ’] 0.4 BIANNRNURLMIAEY ATUIU

1

120 ipdnsrieqaanadey edeyaildainisniinidipssiifieAuaunidnsinsan

U

o

w@amasleingldannis (3-11), an3nisaasainnsaudinisantuilaaldannig (3-8),

i
=

v
ﬂ?mmma‘ﬂ@'@ﬂmm?@uam%mﬁuﬂimuﬂﬁmnmuﬂﬁ@( 9) WAZARRIUNIALTDLNASNYN

a

i nsanunso Al glnelFanntg (3-10) Sauaiily MannpazgninliTimedisialyl i

1
¥

A Aa o - { a Y A Ada o X
HNADLUIENNLTHAUNITRAALTALNRY, NQJ?J@LV(JHQ‘V]L?Nmunq?l’mqiﬁﬂ\l, NN%@LMQHQW@u@mﬂW?

q q Q q

v 1 1 ¥ ¥ . o v
wnlud, daeandraaenigimnlugd (Ignition Delay) was@mnsIN1TLHN bl

4222 N1SNARAUIRAMNNAUTURAILNN I UINAIAINISAALTALNAS
BN 9)

Diasal Fuel
e B Adjust Lavar

F /J:’llil
From Fue -Ff
'f. Filtar [ jf

Cam Shaft
Mot Point

i )

Te Injec Lw

gﬂﬁ 4-31 Lmm@\mﬂimﬂmmﬁumuumﬂmeu,@ mLmuqmmmwmmmmmuﬁumuu

FNAY [24]

AngUN 4-31 Fruineaesilutiiumemaadugnnasiiouinnu Plunger

4
o o

o o A > d d
angudnindunigludaizeully) Ty ﬂﬂmummmmmmu Camshaft (meamum)

—

v v

%\mzmu@m“qmw?@mmmﬁmﬂqﬁum@Lw’ﬁqimﬂm\a (m’mma‘mmﬂma‘mmummmn

[ %

v dl g// ] Yo A b %:’ o d’l a = o
mwgummmmmmmm) muumﬂwﬂumLi@uﬁuu’mum@m@mgfmﬂu Camshaft 410

<

Ay (M lAlasanauuuNLTNNsasEaulutndumaInaa) fazyinli Camshaft Audagnnas

Y @ é{ alz A o 24 = % o dy a 1 3 d? = o 1 a dal a
1®L?Qﬂlu HUAN HaIANNITRATNTUTR LN ANANUENNINTY  YTaAILUUINIRALTALNAS

b

a

NATuReIANNATRIUAENAaRALLEY TDC NNTU (Advancing)  wazunyn lfiaEen

]

£3 1 1 [ v
U1 T IWAIDe81N9a8naNn Camshaft (11 A IALIANAN UL LT NN T9Fa 1IN T

ov

¥

\TaINaY) azvinsrarinesendnagnnasaastintingiumainaaniy Camshaft 81nTu denali
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v
a

di/ o/ o o 30/ o dy a v oI/ A ] v = 90/ o dgj a 1 ¥ A
@ﬂL'LIE]'JZQNN@Qﬂﬂ@ﬂﬁNUWNUL‘ﬁ@LW@\ﬁﬂ@Q HuAan1 19eeAIN192ANNUITa INRSA TN YiTe

!
=

AWLIN1IRANATRNaA AN TawRae IndfuAILIe TDC NNnTw (Retarding)

De

[ g’/ dl 1 = i’ a U1 L A Y J [ 1 a
ATUNTLAEUAIANNIIRATANAS T ANUTNUTA AT IN I A LU USLING

NAaNIANERAR (Original Engine Manufacturing, OEM Setting) @axnsonnlalagnisan
A QI o A dl = Py 904 o dy a ° o dl a dl 1 [
WIRRNA I UUNUTNNTee TeuTNNTUTeNAY AMNAIFY TeBuniauiuaINsodfuesan
N %)I o dgj a v 4 dl
nsantsuaenaslAUszanm 1.2 asrnmandaiies
nmeaaaUAHAUlUTBRR I eeAIN19RA T INRIFN9 Az AL
a 901 ZJ/ d! o

Nz asnsu anRvwaztiniuladguintu fansein luiesdjiRn1san1ar e

AANAADUANNILN 4-30 LEULALAALNDIAINIIRALTALNAS

€L

N @ A =
NNNTTUAZAITNETITALUAIN NA
é’ a 'dl

HIATIU TAERIANNNTAALTRINASNN AL LLAZNTUFL LﬁN/@ﬂ"%’]uQuLLﬁju?ﬂMﬁ?ﬂ\‘iL?“ﬂu

TN UITANAILAAIAIANFNT 4-12

AN9197 4-12 LAAIBNAINITRATANAINNARDLLAZNTUSUIRN/AA NI UK UTNT 799 5 AU

T8N T B LN AY
BIANNTRA | NITN/AARTIBLEUTNNFDITOU .
No. P o ¥ _ oy yanmainld
\TRLNAY TN TRINAY

1 AUUN AATN 1 WAL (TN 3 Wh1) STD+1.2

2 NI THANVFRAARNUIUTN (T 4 L) STD

3 ANt WANTN 1 e (TN 5 i) STD-1.2

4 AN WNHTN 2 Wei (TH 6 Wei) STD-2.4

NHIELUP m‘mmmuwmmmmmmmwmmmgm (STD) Tun% B8y NIAaay

v 1
o a %

LAsastus lae THANNIARNYTa A AR UAUTNNAAFINIANNENAR WATINLIN9AENFUN192A

v 3l

|
o 1

TR NANTNBIAINITRATOLNAINIATT IR NTAINAIIA N UANAeTY Wiiduingne
ATUANTTRBILTRWRILANG 19T Al drydnwnd STD 74 RauunaieaeAIN19RAITaLNGS

¥ v 1 ¥ 1 v
NIRTFIUTBETRINRI T lTenAUAAsTIARIA A BNA NIRRT AR AN

dl U o a2 6 al % dl =
nanldainnismaaauazgnin ifwssiuazufrauiauiunanesriniie
&gj a dl = = dg/ a ] ¥ dl & dl 1%
IRINAINIATTIU INBANHINATRI8IAINIRATRINAIFENTIN InsiaeairTeseusiie 1
PnduanauLazinTulndauTaadwidudamas uazldasAinisasidamaaninnzanlu

NNINARDLANITOULAADATIININIWEa L
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4223 nsaAszidan1nznsinlndanansinisiananinusau
n19UgTaN192n19N I nsen TagNarudm N1l aat AN Faud
AunnlsanuaniImagal laanivuaiaulaanienusalili

v all dl QI % a dgj a a v dl dl o
1. HNADLUIENTLTNAUNTDALTDLNAN W@’W?MW@’]T]HN?J@L‘lﬂ']ﬂ\‘]‘l’]ﬂ')’mﬂuiu

o 1

] X a v a A . o a
NBANLULTALNAILUN Qﬂﬁﬂﬂ’]@\‘lﬂqq Opening Pressure 28341397

¥ i 1
A = a o

2. N9LNTHN R RN FNEUNTEN I AangaianyudemieanAdne

4 ¥
=2 ' & o

N13aaANNFRUINNAIUNINNIN AT ATILIN

a

' '
9 =l aa o

& v 1
3. nsdsayndawnaanduganiaen g fansanainyudemnasnansm

9 9

v

nsiasaranuFauanasauilAnilugugaiaem
| Y v . 1 | ¥ o i
4. 4998191199019 e (Ignition Delay) 1sTiandaeyudieimiesszndng
QI = dsj a K QI % £
AABHAATANAIDIAAETHAUNTH

5. §m31N19NN 1 Usianndnanislaasainudan

4.3 NSNARALANTTOUS

NNINAADLANITNULIDILATOIRIUE HTTUN1IANHTIBIFUDANIIDUTIAZUNARNT
o dl 2 dl 61 =l o dl 9/901 o 9; 4 e Aa 9°, 4 & aa
e ldainiaTaseudfungiuie ldundusima uidulduhuuazinduduleadu
n1aneaeL AR UHLNNIINAN19EN192894A (Full Load), NAN19xn19zLnedau (Part Load)

uazqanaaauANAu iR vl Tauanuaudenimagauanssnus1ilugii 4-32
431 aunsainldlunisnasauanssaus

4311 LASRIEUS

14 ATaseustie Kubota §u RT-140 Wiwneqiuiadae 4.2.1.1

4.3.1.2 lautuilimas

T lndmesfildlunmageusagli 4-33 \dulaunlufimefsianszug
luaa1 (Eddy Current) fitka Tokyokoki Schenck 1 W-40 f&agega 60 PS §msnidasey
494/ 17000 rpm ALIANNNINNUTALTAAILIANTEY Tokyokoki Schenck §14 LEC-20 AYH
wingnlunsiausein £0.002 kgt-m FeuanslugLli 4-34 wseseusiansmadaLazgn
dhansedniulauniufineslnaldmanlunindensesaniu Universal Joint 2 g0 A2 i3
saumauAsuATalianduresinacmfafiloulufimes  Aouududnlunnsda

FRIUFIULAANDAAR 1 rpm fa +1 ANNLFITAL



Fuel Tank

A 4

Orifice [

Manometer

(? Air Temp

Air Tank

J

Fuel Temp @
Fuel Flow Meter

Fuel Filter

1

» Blower

Engine

3117 4-33 wanslawntudimafnldlunimasay

&l7ia Tokyokoki Schenck $14 W-40

Exhaust Out R

—@ Exhaust Temp
—@ Water Temp

»

Dynamometer

“------ >

Dynamometer Controlled Unit

U7 4-32 UARIUHUTININARALANITOUS

9117 4-34 UARSTARILIAN ETK

a q

Tokyokoki Schenck

4.3.1.3 N19IAaAsAULLARIUNNULTDLNGY

gunsnldwineaiuiade 4.2.1.4

f

61
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4.3.1.4 MsIPAUUDN

gunsnlidwneniuiade 4.2.1.5

4.3.1.5 N1SIRDASINIG LUAUDIANTA

gunsnfiduiReniuiadae 4.2.1.6

4.3.1.6 NTIPAUUDNLALANNAULSTENNIA (Ambient Conditions)

gunsndiwmaiuate 4.2.1.7

4.31.7 N19IAANAIUAN

dl A o J o o | dl L% ¥
ATANNATAATATUANLTIULLILNTEANNIRSEINE Sokken Usznaumas

0> = -:ll % dll A =3 o 1 1 o o !
n. ﬂ?@ﬂ‘lﬂLﬂﬂ &8 Sokken W UATaeN i LFAa1NAIATHANAINTIE

lederevnredeuinan NNInTgIuNaiufeg1aledaves Bosch Asuanslugiiii 4-35

1
4

9117 4-35 uansilunnlede Be Sokken 171 4-36 LanwLATENELANATLAN Bt

a4

Sokken 314 GSM-3DPM

o

U LATEIETUAIATUAN Etfa Sokken §15 GSM-3DPM fauanslugii 4-36
\uATesE uAIANNIENTBUINNATLUNTE AN IEY LARIAAILFDIATAARDATEILET |
ALNA@E M99 0-10 Bosch Unit Number Ao uaziaen 0.02 Tasdnann199197u

LAt ULATadEUANATUAN lWiade 4.2.1.8

v

4.3.1.8 msguinulhanay

gunsnlidwneniuiadae 4.2.1.9
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432 28NISNARAUANTIOUL

4.3.2.1 N19 Runin

nFsannisilasuiudauntaluaiessudlng avdedsianas Run in
Lﬂ'f}famum“imﬂl%ﬁgﬁmmimmﬁaﬁﬁmE_jmamLLu:ﬁﬂ AmiLLATeaaus KUBOTA (DI)
dsznendae 3 dunen fail

1. Tdfn152 (No load) AYNNLFITAL 2400 rpm 1381 30 WA

2. N3¢ 50%18N rated power ANNLEITRL 2400 rem LIA1 30 U

3. 1N9¥ 100%184 rated power ANLFITAL 2400 rpm LA 20 Falus

MEMFaE3aRLNT Run in ldvantsilasudneingusseslusneuEumii
ANINARDL NINAEELANTIIUL BUANNT TR Aedastiniul duALLa LTy
1duTaRBu NamageLLNTd aAAazTTaas N s Asucn eI et a uLa AL

dl 6 1 dI dl [~] 1 % o dy a a 1 %
LATBNEURATINTEUSIIDNTUU L‘W‘ﬂLﬂuﬂ%‘i@u’]&lulﬁﬂLW@\‘Wjuﬁﬂ@u‘Vlu”l

4322 miwﬂﬂ'auﬁﬂﬁizgdqrﬂ (Full Load Performance Test)

fauiNNMAgaLTianIENsEgege axfias Warm up LAessufaussuL
ﬁmdmﬁuﬂ@ﬂu@mmﬁﬁwm Aeliifngn 90°C amiuBmaseLmANdITLSLeaAN
usallafuaadasey fan1znnsvgeqn (Full Load) Buannifindusalfireseusugm
wanlnglifiniszaunanudasauet 2550 rpm dnlddusuwmisiidusadagn (anu
AU INTBILTENNAR) aniuBN AN s LA s A uAIN LIS P LA e EsT
anasunT 2400 rpm salirsestusagluaniazaa wdateiufinuadusedn,  §an
duAeniniudemas, ANGUUNTUATAMNAUAINC] LaTAIATUAN ANl
winstufanANTI T LIRS B ELAARNNT 2200 rom saldipTestusatlugnaz A
udnAetiufindn waznssiniguieafuiiaanaidasey 2000, 1800, 1600, 1400, 1200 uaz

AYNHIEITRL 1000 rpm azldiAvNdNRuissndnausedniuAINEITaLNAN19TNNITEqn

(Full Load)

4323 MSNAFAUNNITEUN9EIU (Part Load Performance Test)
AINAINANAUST IATTNINNNTEGIQAUATANHITITRLT IARINNNINAGL
N9EQNARAZYNINNIIINUAATINIIMAGEL (Matrix) 1AM LLATTILeTAsNe] A

wanslugii 4-37
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AINTUNINIINAFAVANITOUL DY ANINIUAINAANARALLYW Matrix 9
Muualugii 4-37 (@1ananaldandunismagauanssousnani1nzn1svuedaunaImLg,

-&I L Qi a [~1 o a ¥ o =
FALLATANEUAAIN) (FUAINAINEITUE Tnatlfugnatuaulaun Tudinasliineud

ANz TnAen wansuAuda i lfiAausasaumNNFAadnig

717 4-37 uana Matrix 1 1 lun1smagey

N1INARDLAZINANNAANARRLNNIMUATIUN 4-37 FuNANTasaL 2400

rom NAL3aTA 5 N-m 1101 FULAToURaUATIAINgATNNUNHBIN13UAY S8 lHiATaseus

BLNANNITAIAD AIBNIINNITAERIN AU AT UTa WA WEanAuTuinANguunE,

ANAUA) ATAIATUAT A nduaziasuganaaeuineUfugaAtLAN e N LN
(WuPaz 5 N-m aulsAusingedn) wartiudusalildaauiiasauniusiaanng (2400
M UATAAAIAUAN 1200 rpm) NITNEBIALAAUAUATUAINAANAASLIN LATINMUA WAY
a o QQJ A 901 % d’j a o o 1 dl b2 o
weelinuazdnsduilaesriniuaemacld Ausndfurinan1azein1ANIng§Iu wAa
o 1%

mﬁﬂﬁ‘uummmeﬂugmmuqﬁ@mmu: (Performance Map) T9haAIANNENRUTILUING

1390/ ANNIEITDL LALAMNTAULABIUTDINRIANNIE



uNNn 5
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Main Chamber Pressure (CPO, 2100rpm, 11N-m)
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speed | Torque Diesel CPO %ANUANAITUTUR R
STD STD STD STD STD STD
STD STD STD
+1.2 -1.2 2.4 +1.2 -1.2 -2.4
rpm N-m J/degree % % % %
11 32.14 43.11 38.55 33.72 35.07 34.13 19.95 4.92 9.1
1400 23 31.85 39.82 35.77 32.40 31.23 25.05 12.32 1.74 -1.94
35 52.75 44.92 44.04 44.03 35.92 -14.84 -16.51 -16.54 -31.91
" 52.96 33.18 42.74 31.76 41.21 -37.34 -19.28 -40.02 -22.19
1700 23 55.07 35.77 45.27 33.96 42.88 -35.06 -17.80 -38.35 -22.14
35 53.66 43.43 40.70 45.23 41.92 -19.07 -24.16 -15.70 -21.87
11 58.97 38.86 53.82 43.22 49.89 -34.10 -8.74 -26.72 -15.40
2100 23 66.56 38.86 56.00 32.95 44.60 -41.61 -15.87 -50.50 -32.98
35 60.50 41.13 45.39 38.87 33.25 -32.02 -24.99 -35.76 -45.04
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STD STD STD STD STD STD
STD STD STD
+1.2 -1.2 -2.4 +1.2 -1.2 -2.4
rpm N-m J J J J J % % % %
" 328.2 327.3 324.9 317.9 311.4 -0.27 -1.01 -3.14 -5.12
1400 23 539.5 529.4 519.0 534.4 527.2 -1.87 -3.80 -0.95 -2.28
35 840.8 | 8170 | 8245 | 7843 | 8036 | -2.83 -1.94 -6.72 -4.42
" 379.6 3371 352.7 345.4 329.8 -11.20 -7.09 -9.01 -13.12
1700 23 637.8 635.5 627.8 620.7 612.3 -0.36 -1.57 -2.68 -4.00
35 8721 820.0 839.6 830.0 815.2 -5.97 -3.73 -4.83 -6.52
1" 411.9 400.2 3731 382.6 393.3 -2.84 -9.42 =711 -4.52
2100 23 684.4 622.3 670.8 611.9 651.3 -9.07 -1.99 -10.59 -4.84
35 978.3 934.0 959.2 945.3 927.8 -4.53 -1.95 -3.37 -5.16
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speed | Torque Diesel CPO %ANNLANFN N U LA TR
STD STD STD STD STD STD
STD STD STD
+1.2 -1.2 2.4 +1.2 -1.2 2.4
rom N-m % % % %
11 0.591 0.551 0.539 0.529 0.514 -6.79 -8.69 -10.36 -12.92
1400 23 0.640 0.572 0.543 0.577 0.557 -10.69 -15.14 -9.83 -12.98
35 0.705 0.604 0.640 0.572 0.572 -14.41 -9.33 -18.94 -18.86
11 0.693 0.565 0.593 0.581 0.544 -18.47 -14.48 -16.26 -21.58
1700 23 0.711 0.673 0.658 0.650 0.637 -5.30 -7.52 -8.56 -10.49
35 0.707 0.596 0.644 0.603 0.579 -15.76 -8.92 -14.73 -18.12
11 0.716 0.652 0.589 0.608 0.625 -8.90 -17.69 -15.07 -12.68
2100 23 0.767 0.615 0.700 0.592 0.657 -19.86 -8.80 -22.80 -14.43
35 0.783 0.614 0.717 0.626 0.596 -21.66 -8.49 -20.11 -23.96
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Speed | Torque Diesel CPO Diesel CPO
STD STD STD STD STD STD
STD STD STD STD
+1.2 -1.2 2.4 +1.2 -1.2 2.4
rpm N-m °CA °CA °CA °CA °CA °CA °CA °CA °CA °CA
1" -8.4 -8.8 -8.0 -7.6 -7.2 304 24.0 22.0 26.4 28.8
1400 23 -8.8 -9.6 -8.4 -8.0 -6.8 38.0 324 304 32.8 38.0
35 -8.4 -10.0 -8.8 -8.8 -7.6 59.2 57.6 59.6 62.8 72.0
1" -6.0 -8.0 -6.4 -6.0 -5.6 20.8 21.6 23.6 24.8 22.4
1700 23 -6.0 -8.0 -6.4 -6.4 -5.2 25.6 28.4 27.2 29.2 30.8
35 -6.0 -7.6 -6.4 -6.8 -5.6 30.8 31.6 30.8 32.0 34.8
1" -5.2 -6.8 -5.2 -4.8 -3.6 30.8 29.2 29.6 30.8 304
2100 23 -5.6 -6.4 -5.2 5.2 -4.4 42.4 47.2 36.8 53.6 50.4
35 -5.6 -6.4 -5.2 -5.6 -4.4 71.6 71.6 80.4 92.8 82.8
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Heat Release Rate (CPO, 1400rpm, 11N-m)
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dQ/dCA (J/degree)

Heat Release Rate (CPO, 1700rpm, 11N-m)
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Heat Release Rate (CPO, 2100rpm, 11N-m)
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Integrated Heat Release (CPO, 1400rpm, 11N-m)
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Integrated Heat Release (CPO, 1700rpm, 11N-m)
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Integrated Heat Release (CPO, 2100rpm, 11N-m)
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Mass Fraction Burned (CPO, 1400rpm, 11N-m)

1 Diesel
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Mass Fraction Burned (CPO, 1700rpm, 11N-m)
1 —| Diesel
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Mass Fraction Burned (CPO, 2100rpm, 11N-m)
1 Diesel
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Ignition Delay (CPO, 1400rpm)
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Burn Duration (CPO, 1400rpm)
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Brake Specific Fuel Consumption (CPO,1400rpm)
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Fuel Conversion Efficiency
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Exhaust Temperature (CPO,1400rpm)
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Oil Temperature (CPO,1400rpm)
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Water Temperature (CPO,1400rpm)
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dgll a dl = d” a 1
LIRLNAN NBNAINITRALTBLNANAINT

ESC CPO Efficiency (17 ) f-n,
Speed | Torque frequency STD STD STD STD STD STD
STD STD

(f) +1.2 -1.2 2.4 +1.2 -1.2 2.4

rpm N-m % % % % % % % %
11 0.05 2340 | 2322 | 2320 | 23.13 1.17 1.16 1.16 1.16

1400 23 0.05 31.48 | 30.70 | 31.55 | 31.00 1,57 1.54 1.58 1.55
35 0.05 3249 | 3428 | 3211 | 3152 1.62 1.71 1.61 1.58

11 0.10 2335 | 2353 | 2342 | 23.12 2.34 2.35 2.34 2.31

1700 23 0.10 30.90 | 30.73 | 30.58 | 30.50 3.09 3.07 3.06 3.05
35 0.10 31.97 | 3393 | 3203 | 3147 3.20 3.39 3.20 3.15

11 0.05 2266 | 2212 | 2215 | 22.30 1.13 1.11 1.11 1.11

2100 23 0.05 28.76 | 30.58 | 28.28 | 2058 1.44 1.53 1.41 1.48
35 0.05 28.97 | 33.05 | 29.20 | 2844 1.45 1.65 1.46 1.42
sum 17.01 1752 | 16.93 | 16.81

all o z A dslj a o dll 9/901 o e a [ da’ a dl
R399 5-9 uanaRIduilansmamasa i zida i auaudumamas nesAanig

.
AATANAIFING]
ESC CPO sfc > (f -sfc)
Speed | Torque | Frequency | STD STD STD STD STD STD
STD STD
0] +1.2 1.2 2.4 +1.2 1.2 2.4
rpm N-m g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr
11 0.05 396.90 | 399.92 | 40029 | 40151 | 19.84 | 20.00 | 20.01 20.08
1400 23 0.05 204.97 | 30242 | 29431 | 29955 | 14.75 15.12 14.72 14.98
35 0.05 285.79 | 270.87 | 289.16 | 29458 | 14.29 13.54 14.46 14.73
11 0.10 397.65 | 39455 | 39654 | 401.70 | 39.77 | 3945 | 39.65 | 40.17
1700 23 0.10 300.53 | 302.15 | 303.67 | 30442 | 30.05 | 30.21 3037 | 3044
35 0.10 200.47 | 27369 | 289.90 | 29509 | 29.05 | 2737 | 2899 | 29.51
11 0.05 409.71 | 419.78 | 419.24 | 41646 | 2049 | 2099 | 2096 | 20.82
2100 23 0.05 322.83 | 303.63 | 32839 | 31396 | 16.14 15.18 16.42 15.70
35 0.05 32055 | 280.96 | 318.02 | 32655 | 16.03 14.05 15.90 16.33
sum | 20040 | 195.92 | 201.48 | 202.75
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Main Chamber Pressure (Olein, 1700rpm, 11N-m)
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Main Chamber Pressure (Olein, 2100rpm, 11N-m)
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Heat Release Rate (Olein, 1400rpm, 11N-m)
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Heat Release Rate (Olein, 1700rpm, 11N-m)
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Heat Release Rate (Olein, 2100rpm, 11N-m)
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Integrated Heat Release (Olein, 1400rpm, 11N-m)
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Integrated Heat Release (Olein, 1700rpm, 11N-m)
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Integrated Heat Release (Olein, 2100rpm, 11N-m)
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Mass Fraction Burned (Olein, 1400rpm, 11N-m)
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Mass Fraction Burned (Olein, 1700rpm, 11N-m)
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Mass Fraction Burned (Olein, 2100rpm, 11N-m)
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Ignition Delay (Olein, 1400rpm)
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Burn Duration (Olein, 1400rpm)
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Brake Specific Fuel Consumption (Olein,1400rpm)
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Fuel Conversion Efficiency
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Exhaust Temperature (Olein,1400rpm)
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Oil Temperature (Olein,1400rpm)
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139

317 5-50 uansgUUNRUTUNADAUNAMNEIIAL 1400 1700 UAE 2100 rpm AMNATAL

dl rdl 9/%; o & aa all = dgj a 1
189LATANEUFN TN T U AN e AR NAAINNIRALTRLNAS NN



Water Temperature (Olein,1400rpm)
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Smoke Density (Olein,1400rpm)
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AN 5-17 LanalssAnsninniad asundeandsnumamasiusniialdinduldulaaau

3| d91) a ai = d’l’ a ]
HmaIwas Na9AIN192mLTEe bNANATN?

ESC Olein Efficiency (7] ¢ ) f /r
Speed | Torque Frequency STD STD STD STD STD STD
STD STD
() +1.2 1.2 2.4 +1.2 1.2 2.4
rpm N-m % % % % % % % %
11 0.05 2273 | 21.90 | 24.03 | 23.22 1.14 1.10 1.20 1.16
1400 23 0.05 30.62 | 30.75 | 31.73 | 32.27 1.53 1.54 1.59 1.61
35 0.05 33.07 | 33.91 | 32.52 | 34.06 1.65 1.70 1.63 1.70
11 0.1 2232 | 23.01 | 23.65 | 23.24 2.23 230 | 236 2.32
1700 23 0.1 30.85 | 31.07 | 30.88 | 31.25 3.09 3.11 3.09 3.12
35 0.1 31.85 | 34.05 | 30.93 | 31.07 3.19 3.41 3.09 3.11
11 0.05 2197 | 2242 | 21.88 | 21.59 1.10 112 1.09 1.08
2100 23 0.05 2868 | 29.95 | 29.22 | 29.71 1.43 1.50 1.46 1.49
35 0.05 2065 | 32.18 | 29.44 | 29.14 1.48 1.61 1.47 1.46
sum 16.84 | 17.37 | 16.99 | 17.06

dl o Q’l A d’l a o dll 1% 901 o & aa d’l’ a ai
m1919% 5-18 wansamAudansdainasanisiialitinduilduleaduiiuimamnas #

B9ANNIRALTBLNAIFNG]

ESC Olein sfc Z(f . SfC)

Speed | Torque | Frequency | sTD STD STD STD STD STD
0] +1.2 ST 1.2 2.4 +1.2 ST 1.2 2.4

rpm N-m g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr | g/kW-hr
11 0.05 403.80 | 419.01 | 381.87 | 39525 | 2019 | 20.95 19.09 19.76

1400 23 0.05 29966 | 298.47 | 28925 | 28434 | 14.98 14.92 14.46 14.22
35 0.05 27752 | 27066 | 28220 | 26941 | 13.88 13.53 14.11 13.47

11 0.1 41112 | 398.76 | 388.07 | 39485 | 41.11 39.88 | 38.81 39.48

1700 23 0.1 29742 | 29537 | 29721 | 29368 | 2974 | 2954 | 2972 | 29.37
35 0.1 288.11 | 269.49 | 29665 | 29537 | 28.81 2695 | 2966 | 29.54

11 0.05 41764 | 409.39 | 41945 | 42513 | 20.88 | 2047 | 2097 | 2126

2100 23 0.05 319.96 | 306.41 | 314.08 | 308.83 | 16.00 15.32 15.70 15.44
35 0.05 309.49 | 285.18 | 31168 | 31494 | 1547 14.26 15.58 15.75

sum 201.07 | 195.82 | 198.12 | 198.28




143

a a

&
5.1.6.3 BIAIMNITAALTALNRINLANZAN

aziiwindn S (f-n,) TAgegaiiesrnnnsdnidemaminggiu uazen

a Q
|

ISP o dl = dy a ] o o i// -dl a dgl a
Z(f -SfC) mmmqmwmmmmmmewmmmgmmuﬂu ANUUNBIAINITRALTRLNA

1
= o

=® 3| = d’j a dl o dl & dl 173 dgll a %; o
N m9g I Andluesansaademasinnzanign d1miuirTesswiiie I imenacringu
1naulanau
@ a ¢ 2 ¥ o ¢ a ¥ o Pl aa
51.7 n1seenluNrastAsasauatialdindulanmu dnduilanleaasu
LAZUNNUALTIALTI UL AINAY NBIATNISRAALTALNAINLUNIZAN
AnuAnIINAaaUd196L wudl fesAn1sanidenaannsguiuesainisan

v
o o

TOINAITIUN ZANTgATe U T A0l ATTUAITINANINARELTIBIAINNIRA
TRNAINIATT LR NITRINAIN LTI LN UAUN UL 1INARBLIANITIULAAR AT
Tausiall  Tnguanenan1amaaeuaNsInUEa 9 ANAREUAIAAIIUANTINN 519 @3

tsznavlifas n123u A9 @aINAIRINIZILTN UTLANTAINWNN LU AEUNAIINTDLNAY

v
o 1

1 v
wn guugile@s gouugiundunaesu gruugiinvasifiu uazAAdum

au

v
| a

AINA13197 5-19 W91 N19RVABNTDNAIRNNIZIUTNIBU T WA NRULAY

[
IS !
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ANNATGSL  UTeANTNINWNNTIU AEUNAINUTANAILTNIRUNTULNANA U LA TN T WL AN

TaaduiAANdnTuREast g 6.09-12.15% uaz 5.54-13.36% ANNATAL
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F1137999 5-19 UAAINANIINAABLANIINUENGANAABLILAZTATZINNTUN INda 89T 0 WA

901 o 901 % . Aa %; o & aAa
tduaes Wiulansy uwaztindulaulaaau

nstunlAeademas szAnsnmniswlaen
. o x . gompiilaidey
Speed | Torque AUWIZLLIN NASNUTANRILLITN

Diesel CPO Olein Diesel CPO Olein Diesel | CPO | Olein

rom N-m g/kW-hr | g/kW-hr | g/kW-hr % % % °C °C °C
11 335.08 399.92 419.01 25.28 23.22 21.90 198.3 | 188.7 | 212.1
1400 23 242.36 302.42 298.47 34.95 30.70 30.75 280.4 | 285.3 | 3034
35 227.28 270.87 270.66 37.27 34.28 33.91 398.4 | 400.0 | 408.5
11 329.53 394.55 398.76 25.70 23.53 23.01 215.2 | 220.3 | 222.2
1700 23 257.55 302.15 295.37 32.89 30.73 31.07 318.1 | 302.6 | 318.9
35 234.46 273.69 269.49 36.13 33.93 34.05 425.7 | 449.7 | 448.2
11 345.88 419.78 409.39 24.49 22.12 22.42 250.5 | 2459 | 253.6
2100 23 256.98 303.63 306.41 32.96 30.58 29.95 3471 3354 | 361.5
35 237.65 280.96 285.18 35.64 33.05 32.18 474.8 | 475.2 | 485.7
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F13799 5-19 WAAIKANITNARBLANITDUENANAFRLUAZIAIIZIN 19NN I8 9LT0INAY

9; o % o & Aa %/ o '8 aa 1
PNRUAEa YNHRUNANAY waztndulanleanl (A)

fqmmﬁﬁwﬂum@ﬁ'u fqmmﬁﬁm'dmﬁu ANAFUAN
Speed Torque
Diesel CPO Olein Diesel CPO Olein Diesel CPO Olein
rpm N-m °C °C °C °C °C °C BSN BSN BSN
1" 70.0 72.0 69.6 67.0 71.0 71.2 0.3 0.4 0.3
1400 23 76.4 75.8 77.5 74.4 76.9 77.3 0.4 0.5 0.3
35 83.6 79.9 81.7 82.0 83.5 84.4 0.4 0.8 0.5
1" 83.6 82.9 83.9 72.4 75.3 75.6 0.2 0.4 0.3
1700 23 86.2 85.0 86.6 77.5 80.0 79.2 0.4 0.6 0.4
35 92.5 90.0 90.7 84.1 86.7 85.5 0.5 0.7 0.4
11 91.4 911 91.4 75.4 78.4 77.2 0.2 0.5 0.2
2100 23 94.0 94.4 94.7 80.6 84.1 81.7 0.3 0.6 0.3
35 100.7 99.5 99.1 85.6 89.2 87.6 0.8 0.8 0.6
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Speed Torque
Diesel CPO Olein Diesel CPO Olein
rom N-m °CA °CA °CA °CA °CA °CA
1" -19.6 -20.0 -20.0 -1.2 -4.0 -3.2
1400 23 -19.6 -19.6 -20.0 -0.8 -3.6 -2.0
35 -19.6 -20.0 -20.0 2.8 -2.0 0.0
" -18.0 -18.8 -18.4 -2.0 -1.2 -1.6
1700 23 -18.0 -18.4 -18.4 1.2 1.2 1.2
35 -18.0 -18.8 -18.8 6.0 0.8 3.2
1" -16.4 -16.4 -16.4 -2.4 -2.0 -1.6
2100 23 -16.4 -16.4 -16.4 3.2 2.0 4.4
35 -16.4 -16.4 -16.4 7.2 -1.2 6.4
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Speed | Torque %ANHLANGN CPO %AINNUANGINY Olein
Diesel CPO Olein o o A
WeUAUALTA WeUAUALTA
rpm N-m mg/cycle | mg/cycle | mg/cycle % %
1" 13.07 15.54 16.31 18.83 24.73
1400 23 19.83 24.65 24.34 24.28 22.71
35 28.05 33.25 33.40 18.54 19.05
11 12.89 15.35 15.65 19.08 21.42
1700 23 21.11 24.62 24.16 16.67 14.45
35 29.01 33.61 33.26 15.87 14.66
" 13.53 16.33 16.02 20.63 18.38
2100 23 20.99 24.73 25.09 17.79 19.51
35 29.39 34.52 35.23 17.45 19.86
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F19999 522 wandananluiesln dgeqareademanindunms ddulduny uay
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Speed | Torque %ANNNLANGN CPO %ANNLANGN Olein
Diesel | CPO | Olein o e
WeufuAEs WaufuALEEa

rpm N-m bar bar bar % %

1M 6591 | 67.65 | 67.76 2.63 2.80
1400 23 73.13 | 73.92 | 72.41 1.08 -0.98

35 80.22 | 81.24 | 79.33 1.27 -1.12

1M 67.63 | 68.82 | 68.63 1.76 1.48
1700 23 73.44 | 73.34 | 73.52 -0.14 0.11

35 77.23 | 76.09 | 76.10 -1.48 -1.46

1M 65.02 | 64.95 | 66.16 -0.11 1.76
2100 23 73.29 | 70.16 | 71.20 -4.27 -2.85

35 74.06 | 71.84 | 73.14 -3.01 -1.25
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Fuel Injection Rate (2100rpm, 11N-m)
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Main Chamber Pressure (2100rpm, 11N-m)
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Diesel CPO Olein 2 e 2 e
WEUNUALTA WEUNUALTA
rpm N-m J/degree | J/degree | J/degree % %
1" 32.14 38.55 37.72 19.95 17.36
1400 23 31.85 35.77 36.58 12.32 14.86
35 52.75 44.04 42.19 -16.51 -20.02
" 52.96 42.74 45.97 -19.28 -13.20
1700 23 55.07 45.27 48.79 -17.80 -11.41
35 53.66 40.70 41.49 -24.16 -22.68
11 58.97 53.82 48.27 -8.74 -18.15
2100 23 66.56 56.00 45.94 -15.87 -30.98
35 60.50 45.39 37.60 -24.99 -37.86
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Speed | Torque %AANNUANGN CPO %AINNWANGY Olein
Diesel | CPO | Olein o  oa
WauiuALEs WauAuAEs
rom N-m J J J % %
11 328.2 | 3249 | 322.4 -1.01 -1.77
1400 23 539.5 | 519.0 | 521.1 -3.80 -3.41
35 840.8 | 824.5 | 815.1 -1.94 -3.06
1M 379.6 | 352.7 | 348.5 -7.09 -8.19
1700 23 637.8 | 627.8 | 631.2 -1.57 -1.03
35 872.1 | 839.6 | 858.0 -3.73 -1.62
11 411.9 | 373.1 | 387.0 -9.42 -6.05
2100 23 684.4 | 670.8 | 664.6 -1.99 -2.89
35 978.3 | 959.2 | 935.6 -1.95 -4.36
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Diesel | CPO | Olein o e a 2 e
WeaUAUALTa WMeufuALTa

rpm N-m % %

11 0.591 0.539 | 0.504 -8.69 -14.66
1400 23 0.640 | 0.543 | 0.546 -15.14 -14.73

35 0.705 | 0.640 | 0.622 -9.33 -11.78

1M 0.693 | 0.593 | 0.568 -14.48 -18.09
1700 23 0.711 0.658 | 0.666 -7.52 -6.34

35 0.707 | 0.644 | 0.658 -8.92 -7.04

1M 0.716 | 0.589 | 0.616 -17.69 -14.01
2100 23 0.767 | 0.700 | 0.675 -8.80 -11.98

35 0.783 | 0.717 | 0.677 -8.49 -13.57
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Speed Torque
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rom N-m °CA °CA °CA °CA °CA °CA
11 -8.4 -8.0 -8.0 304 22.0 26.8
1400 23 -8.8 -8.4 -8.4 38.0 30.4 38.0
35 -8.4 -8.8 -8.4 59.2 59.6 56.4
11 -6.0 -6.4 -6.4 20.8 23.6 22.8
1700 23 -6.0 -6.4 -6.4 25.6 27.2 24.8
35 -6.0 -6.4 -6.4 30.8 30.8 30.8
11 -5.2 -5.2 -5.2 30.8 29.6 30.0
2100 23 -5.6 -5.2 -5.6 42.4 36.8 38.8
35 -5.6 -5.2 -5.6 71.6 80.4 80.8
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Heat Release Rate (1400rpm, 11N-m)
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Heat Release Rate (1700rpm, 11N-m)

70
m 60 - Diesel
s 0 S 4 ——
5 ————CPO-STD
] 40 -
s | g e Olein-STD
S 30
S 20
o
o 10
© 0 1
"\ w‘- / === L G v
-10-30 20 10 30 40 50
Crank Angle (degree)
Heat Release Rate (1700rpm, 23N-m)
70 |
< 60 - Diesel
5 207 \ ————CPO-STD
I N Olein-STD
S 30
é 20 -
o 10 -
-c 0 Y
-10-30 20 1 40 50
Crank Angle (degree)
Heat Release Rate (1700rpm, 35N-m)
70
> 60 f - Diesel
g 50 - - ———CPO-STD
(@)
8 A IS Olein-STD
S 30 .
é 20 - : N
~ - . N
S 10 : S
© 0 L s S T
-10-2 40 50

Crank Angle (degree)

1naulafaun 1700 rpm 13 11, 23 WAL 35 N-m ATNAIAL

163

dl o { 14 d” a 901 o a 901 o T a % o
g‘ﬂ‘l’] 5-63 LAANARIINITUAREANTAUURITANAIUNNUALTA WNTULNANAL Lazindu



Heat Release Rate (2100rpm, 11N-m)
80 |
— Diesel
(]
o ————CPO-STD
(@)
S 404 N Olein-STD
)
< ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
O
S
o - —
©
40 50 60
Crank Angle (degree)
Heat Release Rate (2100rpm, 23N-m)
80
Diesel
T 60 ————CPO-STD [~ 1
> Olein-STD| |
o
S
<
O
RS
(@4 = St >
©
40 50 60
Crank Angle (degree)
Heat Release Rate (2100rpm, 35N-m)
80
5 60 - Diesel
% ————CPO-STD
R 2% N Olein-STD
)
< 20 -
O
S
%’ 0 T \-\;ﬂvl T T T T T
30 -20 -10 0 10 20 30 40 50 60
-20
Crank Angle (degree)

164

dl o { 14 d” a 901 o a 901 o T a % o
g‘ﬂ‘l’] 5-64 LAANARIINITIUAREANTAUURITAINAIUNNUALTA WNTULNANAL Lazindu

1naulafaun 2100 rpm 13 11, 23 WAL 35 N-m ATNAIAL



165

Integrated Heat Release (1400rpm, 11N-m)
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Integrated Heat Release (1700rpm, 11N-m)
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Mass Fraction Burned (1400rpm, 11N-m)
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Mass Fraction Burned (1700rpm, 11N-m)
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Mass Fraction Burned (2100rpm, 11N-m)
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Ignition Delay (1400 rpm)
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Burn Duration (1400 rpm)
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Full Load Curve of Torque and sfc with Engine Speed
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Corrected Brake Torque

(N-m)

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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Full Load Curve of Torque and Fuel Conversion Efficiency with
Engine Speed
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Full Load Curve of Torque and Fuel Conversion Efficiency with
Engine Speed
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Full Load Curve of Torque and Exhaust Temperature with
Engine Speed
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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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Full Load Curve of Torque and Cooling Water Temperature with
Engine Speed
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specific Fuel Caonsumption Map of RT 140 Engine Using CPO (g/kVW-hr)
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Fuel Conversion Efficiency Map of RT 140 Engine Using CPO (%)
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Exhaust Temperature Map of RT 140 Engine Using Diesel (degree celcius)
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Exhaust Temperature Map of BT 140 Engine Using Olein (degree celcius)
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Lubrication Qil Temperature Map of RT 140 Engine Using Olein (degree celcius)
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Cooling YWater Temperature Map of RT 140 Engine Using CPO (degree celcius)
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N1MTFIU 1SO 3046 ANLITDINUNISNAFALILATAILUA [25]

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, Sl 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

Nn.4 Units and terms

n.4.1 The units used are those of the International System of Units (S| 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.

Nn.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.)

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

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

Nn.6.4 essential auxiliary : Item 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).
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b) the kind of power output (see 7.3).
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.
n.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.
Nn.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

Nn.7.2.1 Indicated power
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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

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.
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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
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.

n.7.4 Kinds of statements of power

n.7.4.1 1ISO 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.
Nn.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.

Nn.7.4.2 Service power
Power determined under the ambient and operating conditions of an engine

application.
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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;
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 :
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a) the I1SO 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.

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, = OP, (n-1)
Ol =k-0.7(1-k) (1_1j (see note 2) (n-2)
T
k = Py _a¢xps>< i L ' Ti ’ (ﬂ—S)
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)

IR
p r X CcX
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max

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

P, is the saturation vapour pressure under standard reference conditions;

(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);

T., is the substitute reference absolute air temperature to be stated by the
manufacturer;

TU. is the boost pressure ratio at declared power under standard reference
conditions to be stated by the manufacturer;

T .. s the maximum available boost pressure ratio to be stated by the
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 q have the numerical value given in table 1 (see

note 5).
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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 favouravie 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.

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 1], = 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.

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, = Bb, (n-6)
where B =wa (n-7)
where :

b is the specific fuel consumption
B is the fuel consumption adjustment factor
QL 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 to values the conditions being considered.
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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.

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 oll 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

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
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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.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.

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.

Nn.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.
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NOTE - For certain applications of variable engines it is common practice to supply a
power/speed diagram covering the ranges of power over which the 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 1ISO 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;
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.
i) The type of governing, with speed droop of required (see ISO 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.
g) Maximum permissible back-pressure in the exhaust system and the maximum
permissible intake depression.

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



230

NMANUIN

N1SIADASINIS LUAURIDINIA



231

NNSIADASINIS FUATRIBDINIAAILAE Air Box Method [26]

NN99ASAIINIT AR INAGNEAT Air Box Method Lilun1sdnine g ueiuaasn

1UsrnauUiudIRNNaINIA T95INNAINIARZTAANITNILNANIAIDINIANDNAARAINIINALY

a a

o dl & © £ dl 1 aa a o dl Ol [ 3
NITNWIUADILATAIE UL wﬂ‘wmmﬁMmmu@mWsﬁmmmmﬂmmmLammmmm
o ' ¥ % 49{
mmmumnm@u”ngnmmmmu

uAduRIBANENa9TeuN e eI T Inasenns NERIINITINaRI9T) wARIAS

£1919 2-1

o

19N -1 wansrunaduRnuAugnatreseeTiingssunnnansnisuasne

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

Vena

contracta Measuning

u; arifice
L_ \\‘:L

=5 o o | ol Airbox
1 H 1.
38 A
2 RN
To
Manometer engina

U7 2-1 wamsnmnedndnsnigluasesainiAlaLds Air Box Method [27]
nwdnauananslnaredenIARIuLEY Orifice Plate

NANUANLLZAINTIN Orifice Flow Meter

1%

Fnnasaetsniannganazyinldfianisnszinensasainiai s lagnitasnzit

gl Kastner [27] AYANNNT (2-1)
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417x10°K d’
= - - (3-1)

b
N Vn’

c s min

]
o o [~1

A FnmRstainainAnanTgn (m’)
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A ATAIN
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FANYNAU 2 APFULATASLUR 4 4910

A 9 1 s

AD LAUNTUALENANNUAY Orifice Plate (m)

u

B ANUAUNITLANGUTBILATANEIUE

A BN1Astaedngngy (m”)

1 '
ol ¥ =

AR ANNIEITRLLATANEUFNTRLNER (rom)

anuAliann1Ai luanny Orifice  Plate  wluresluadnsialals (Incompressible

Flow) azNaN3an IHANNUUNLLUIANaINIARIT A NaNnIiuasyaa azlsdn

=)

men p

’Yair

pair
Z

g

2 2
p \% p \%
_1_|__7_|_Z1 =—2+—2+Z
’Yair 29 Yair 2g

(1-2)

2

A8 ANAL (kPa)

b

AR AINNLTIRINA (M/s)

v
o o o

AD UIMTNAWIZ0981NA (kg/m™=s) = P,.J

b

A ANVUNLULLE9RNA (kg/m®) WinfiL 1.165 kg/m® #1 30°C
AR 92AUAYINGS (M)

A AANNLRaEieadannuseitintaaraalan (m/s?) winiu 9.807 m/s’®

NHNIEILNR ﬁ'ﬁﬁ‘ﬂﬂ 1Ay 2 ﬁ@m"%mumqu 1 URY 2 SL‘LL?‘]J -1 291 G]’]Nﬁ’]ﬁ‘]_l
— a

asananing 1 dlueiniatia uasivaesaninvetflussAuANgamtai Al

ALl FANN3UBIRNNNA ANHANNITN (2-3)

2A
v, = =P (1-3)

2
pair

n1sluannu Orifice axifin Vena Contracta Az linnsiuaaseiaandingey

N AalueAnn T MaLuLAsFa aLlgdnni1sinalaguianesanid Aa
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ma - CDOpairVAO (1-4)
Imﬂ‘ﬁl Coo Aa Discharge Coefficient 184 orifice plate
A, ABIUIALDY Orifice (m’)
NN3SANARNIAINNAUANATEN Orifice  Plate  azdnlaaldunuafimes daazlden
Head luuitingl mmH,0 feansnsnran AN RaAIAEALANATEN Orifice Plate I
AINANNIT
Ap= Py, 00 An (1-5)
Toedi Ah  #e uasing Head ﬁ@'f]uvl,é’mﬂmuﬂﬁm'af(mmHZO)
Pio A8 ATV (kg/m®) winriu 997 kg/m’

WHtNENNNT (3-3) kAL (1-5) Nwnuadluannig (3-4) azlsaunsnunldldau Ae

a = CDOAO \/Zpairszog An (1-6)

v v
FAUANNANNT (1-7) WAL (1-8) ATANNITOUIBATNRAIUNANTANAIAAINA WA

Equivalent ratio lea1nannisaasa il

Vit
FIA = B (2-7)

CDOAO \/2pa\rpH2Og Ah

(F/A)
Equivalent rato = ——— (1-8)
FIA),
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mmgﬂumswmmum?mﬂuﬁ ESC Test Cycle [28]

The ESC test cycle (also known as OICA/ACEA cycle) has been introduced,
together with the ETC (European Transient Cycle) and the ELR (European Load
Response) tests, for emission certification of heavy-duty diesel engines in Europe
starting in the year 2000 (Directive 1999/96/EC of December 13, 1999). The ESC is a 13-
mode, steady-state procedure that replaces the R-49 test. The engine is tested on an
engine dynamometer over a sequence of steady-state modes (Table 1, Figure 1). The
engine must be operated for the prescribed time in each mode, completing engine
speed and load changes in the first 20 seconds. The specified speed shall be held to
within £50 rpm and the specified torque shall be held to within 2% of the maximum
torque at the test speed. Emissions are measured during each mode and averaged over
the cycle using a set of weighting factors. Particulate matter emissions are sampled on
one filter over the 13 modes. The final emission results are expressed in g/kWh.

During emission certification testing, the certification personnel may request
additional random testing modes within the cycle control area (Figure 1). Maximum
emissions at these extra modes are determined by interpolation between results from

the neighboring regular test modes.
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Figure 1. European Stationary Cycle (ESC)

The engine speeds are defined as follows:

1. The high speed nhi is determined by calculating 70% of the declared
maximum net power. The highest engine speed where this power value occurs (i.e.
above the rated speed) on the power curve is defined as nhi.

2. The low speed nlo is determined by calculating 50% of the declared
maximum net power. The lowest engine speed where this power value occurs (i.e.
below the rated speed) on the power curve is defined as nlo.

3. The engine speeds A, B, and C to be used during the test are then calculated
from the following formulas:

A = nlo + 0.25(nhi - nlo)

B = nlo + 0.50(nhi - nlo)

C =nlo + 0.75(nhi - nlo)

The ESC test is characterized by high average load factors and very high exhaust gas

temperatures. As Euro | ... V. Sometimes Arabic numerals are also used (Euro 1 ... 5).
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We will use Roman numerals when referencing standards for heavy-duty engines, and
reserve Arabic numerals for light-duty vehicle standards. The heavy-duty engine
regulations were originally introduced by the Directive 88/77/EEC, followed by a number
of amendments. In 2005, the regulations were re-cast and consolidated by the Directive
05/55/EC. The emission standards apply to all motor vehicles with a “technically
permissible maximum laden mass” over 3,500 kg, equipped with compression ignition

engines or positive ignition natural gas or LPG engines.
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= N o o 3 3 S ST =
FANTINN 3-1 Lmmm@mmmu:mmwm@mmmqmﬂwmLmimmmmmwmmuumLém N

BIAINIIRATBINAININTTIN

Corrected Mano Air Exh
Speed | Torque Power | FC sfc Amb P

T Measure Box T T

rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 1" 11.18 1.64 | 0.153 | 335.08 | 754.9 15.0 32.1 198.3
1400 23 23.44 3.44 | 0.231 | 242.36 | 754.9 14.8 324 280.4
1400 35 35.36 518 | 0.327 | 227.28 | 755.0 14.8 32.7 398.4
1700 1" 11.20 1.99 | 0.183 | 329.53 | 755.0 17.6 32.7 | 2152
1700 23 23.48 418 | 0.299 | 257.55 | 7554 17.3 32.7 318.1
1700 35 35.45 6.31 | 0.411 | 234.46 | 7554 17.0 33.1 425.7
2100 11 11.21 247 | 0.237 | 345.88 | 755.6 24.6 33.0 | 250.5
2100 23 23.40 515 | 0.367 | 256.98 | 755.5 24.4 33.2 3471
2100 35 35.43 7.79 | 0.514 | 237.65 | 755.8 24.3 33.5 | 4748

= o~ o o b 3 - S v =
ANTINN 3-1 LL@E”I\?N@’&N??QHZ‘V]@Q@Wﬂ@ﬂu%ﬂﬂ%ﬁﬂﬁuluﬁ@\?LNWiMNﬂ@\?Lﬁ@LW@QuWNuﬂLsﬁ@ N

B9ANNIRATBLNAINIATT N (5i8)

Qil Water Air Air
Speed | Torque WT DT _ n, smoke
T T Density Flow F/A ¢
rpm N-m °C °c | °c | °Cc | kg/m’ gls % BSN
1400 11 70.0 | 67.0 | 28.0| 314 1.150 8.861 | 93.19 | 0.017 | 0.25 0.3
1400 23 764 | 744 | 274|318 1.148 8.796 | 92.63 | 0.026 | 0.38 0.4
1400 35 83.6 | 820 | 284|320 1.147 8.794 | 92.65 | 0.037 | 0.53 0.4
1700 11 83.6 | 724 |29.0| 32.0 1.147 9.589 | 83.21 | 0.019 | 0.27 0.2
1700 23 86.2 | 775 | 282|324 1.147 9.504 | 82.53 | 0.031 | 0.45 0.4
1700 35 925 | 841 | 276 | 328 1.145 9.415 | 81.86 | 0.044 | 0.63 0.5
2100 11 91.4 754 | 274 | 324 1.147 11.334 | 79.65 | 0.021 | 0.30 0.2
2100 23 94.0 | 80.6 | 28.0| 316 1.150 11.302 | 79.23 | 0.033 | 0.47 0.3
2100 35 100.7 | 856 | 28.0| 328 1.146 11.259 | 79.21 | 0.046 | 0.65 0.8
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F19999 92 uanaHaanITnuzNaanaaeudnAusuluiasun ndaedamaaindulday

ALl 194ANIRATRNRINIATFIU

Mano Air
Speed | Torque | Corrected T | Power | FC sfc Amb P Exhn T
Measure Box T
rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 1" 11.13 1.63 | 0.181 | 399.92 | 756.2 14.4 31.8 188.7
1400 23 23.35 3.42 | 0.288 | 30242 | 756.0 14.2 31.7 | 285.3
1400 35 3517 516 | 0.388 | 270.87 | 756.0 14.0 31.9 | 400.0
1700 11 11.14 1.98 | 0.217 | 394.55 | 756.0 17.2 31.7 | 220.3
1700 23 23.35 416 | 0.349 | 302.15 | 756.0 17.2 31.7 | 302.6
1700 35 35.18 6.26 | 0.476 | 273.69 | 756.2 16.8 31.8 | 449.7
2100 11 11.14 245 | 0.286 | 419.78 | 757.0 23.8 31.8 | 2459
2100 23 23.33 513 | 0.433 | 303.63 | 757.0 23.6 31.8 | 3354
2100 35 35.19 7.74 | 0.604 | 280.96 | 757.0 235 321 475.2

i ! & 4
FN9°99 92 uAnIHAaNsInuENaanaaeudnausuluiasn ndaadamaindulgy

a ai a dal a 1
AL NBIAINITAALTDLNAININTIU (F1D)

Oil | Water Air Air
Speed | Torque WT DT . n, smoke
T T Density Flow F/A ¢
rpm N-m | °C °C °C | °Cc | kgm’ gls % BSN
1400 11 720 | 71.0 | 29.2 | 30.8 1.154 8.698 | 91.14 | 0.021 | 0.30 0.4
1400 23 758 | 769 | 292|312 1.152 8.631 | 90.57 | 0.033 | 0.48 0.5
1400 35 799 | 835 |29.2 (310 1.153 8.572 | 89.90 | 0.045 | 0.65 0.8
1700 11 829 | 753 | 294 | 31.0 1.153 9.502 | 82.07 | 0.023 | 0.33 0.4
1700 23 85.0 | 80.0 | 28.8 | 31.2 1.152 9.499 | 82.09 | 0.037 | 0.53 0.6
1700 35 90.0 | 86.7 | 29.0 | 31.2 1.152 9.389 | 81.12 | 0.051 | 0.73 0.7
2100 11 91.1 784 | 292|314 1.153 11177 | 78.15 | 0.026 | 0.37 0.5
2100 23 944 | 841 | 294|314 1.153 11.130 | 77.82 | 0.039 | 0.56 0.6
2100 35 99.5 | 89.2 | 298|316 1.152 11.103 | 77.68 | 0.054 | 0.78 0.8
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F13999 9-3 uansHaanITnuzNaanaaeudnnusuluiadun ndaeadamaaindulday

Tedgu Me4AN198A@e AR

Mano Air
Speed | Torque | Corrected T | Power | FC sfc Amb P Exhn T
Measure Box T
rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 1" 11.15 1.63 | 0.190 | 419.01 | 755.0 14.4 314 | 2121
1400 23 23.36 342 | 0.284 | 298.47 | 755.2 14.4 31.8 | 3034
1400 35 35.35 518 | 0.390 | 270.66 | 755.2 14.2 32.0 | 4085
1700 1" 11.24 2.00 | 0.222 | 398.76 | 755.3 17.3 32.0 | 2222
1700 23 23.43 417 | 0.342 | 295.37 | 755.3 17.2 32.3 | 3189
1700 35 35.36 6.29 | 0471 | 269.49 | 755.0 16.8 325 | 448.2
2100 11 11.21 247 | 0.280 | 409.39 | 755.0 24.2 324 | 253.6
2100 23 23.46 516 | 0.439 | 306.41 | 755.0 24.2 325 | 3615
2100 35 35.39 7.78 | 0.616 | 285.18 | 755.0 24.0 32.7 | 485.7

i ! & 4
FN9797 4-3 UandHaaNIsnuriqanasaudnaNiuluieen daesmemnaninduldu

Taa8U NEIAINIIAATRNAININTT N (FiR)

Oil | Water Air Air
Speed | Torque WT DT . n, smoke
T T Density Flow F/A ¢
rpm N-m | °C °C °C | °Cc | kgm’ gls % BSN
1400 11 69.6 | 712 | 29.2| 3038 1.152 8.691 | 91.21 | 0.022 | 0.31 0.3
1400 23 775 773 | 292|310 1.152 8.689 | 91.23 | 0.033 | 0.47 0.3
1400 35 81.7| 84.4 |30.0| 320 1.148 8.615 | 90.74 | 0.045 | 0.65 0.5
1700 11 839 | 756 | 31.0|33.0 1.144 9.493 | 82.61 | 0.023 | 0.33 0.3
1700 23 86.6 | 79.2 | 298|318 1.149 9.484 | 82.21 | 0.036 | 0.52 0.4
1700 35 90.7 | 85,5 | 30.2 | 320 1.147 9.369 | 81.29 | 0.050 | 0.72 0.4
2100 11 914 | 772 | 30.2 | 32.2 1.147 11.241 | 79.01 | 0.025 | 0.36 0.2
2100 23 947 | 817 | 304 | 320 1.147 11.245 | 78.98 | 0.039 | 0.56 0.3
2100 35 99.1| 876 |304|322 1.147 11.194 | 78.68 | 0.055 | 0.79 0.6
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F19999 94 uansHaanITnuENaanaaeudnAusuluiadun ndaeadamaaindulday

AU NBIAINIIRALTDNAIAINLN (STD+1.2)

Mano Air
Speed | Torque | Corrected T | Power | FC sfc Amb P Exn T
Measure Box T
rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 11 11.07 1.62 | 0179 | 396.90 | 756.7 14.2 30.5 183.8
1400 23 23.20 3.40 | 0.279 | 294.97 | 756.7 14.0 31.0 | 2728
1400 35 34.99 513 | 0.407 | 285.79 | 756.8 13.6 30.9 | 393.1
1700 1" 11.08 1.97 | 0.218 | 39765 | 757.0 17.0 30.8 | 216.2
1700 23 23.20 413 | 0.345 | 300.53 | 757.0 16.8 30.6 | 290.0
1700 35 35.00 6.23 | 0.503 | 290.47 | 757.0 16.2 31.0 | 4418
2100 11 11.06 243 | 0.277 | 409.71 | 757.0 22.6 30.4 | 239.3
2100 23 23.17 5.09 | 0.457 | 322.83 | 757.0 22.4 30.3 | 326.2
2100 35 35.09 7.72 | 0.687 | 320.55 | 757.0 21.8 30.8 | 478.9

i ! & 4
P399 94 uAnHAaNIInuENaanaaeudnausuluiasn Indaadamaindulgy

AU NBIAINITRALTRNAIAIULN (STD+1.2) (5ia)

Oil | Water Air Air
Speed | Torque WT DT _ n, smoke
T T Density Flow F/A ¢
rpm N-m | °C °C °c | °c | kgm’ gls % BSN
1400 11 717 | 68.3 | 258|296 1.159 8.657 | 90.29 | 0.021 | 0.30 0.3
1400 23 764 | 744 | 256 | 298 1.158 8.593 | 89.69 | 0.032 | 0.46 0.4
1400 35 799 | 813 | 254|300 1.158 8.467 | 88.42 | 0.048 | 0.69 0.8
1700 11 812 | 719 |25.0 | 300 1.158 9.468 | 81.40 | 0.023 | 0.33 0.5
1700 23 848 | 77.3 |24.8 | 300 1.158 9.412 | 80.92 | 0.037 | 0.53 0.5
1700 35 89.9 | 844 | 254|302 1.157 9.240 | 79.49 | 0.054 | 0.78 0.7
2100 11 89.4 | 748 |25.0| 296 1.160 10.924 | 75.93 | 0.025 | 0.36 0.4
2100 23 923 | 81.8 | 256|296 1.160 10.875 | 75.59 | 0.042 | 0.60 0.6
2100 35 989 | 86.6 | 258|308 1.155 10.708 | 74.72 | 0.064 | 0.92 0.9
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F13999 95 uandHaanITnuzNaanaaeudnAusuluiaun ndaeadamaaidulday

AL NBIAINIIRALTDNAIANTN (STD-1.2)

Mano Air
Speed | Torque | Corrected T | Power | FC sfc Amb P Exn T
Measure Box T
rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 1" 11.09 1.63 | 0.181 | 400.29 | 756.8 14.4 30.8 182.1
1400 23 23.25 341 | 0.279 | 294.31 | 756.8 14.2 31.0 271.1
1400 35 35.06 514 | 0413 | 289.16 | 757.0 13.6 31.2 394.7
1700 1" 11.09 1.97 | 0.217 | 396.54 | 757.3 17.2 30.8 210.7
1700 23 23.23 414 | 0.349 | 303.67 | 757.3 17.0 311 290.7
1700 35 35.07 6.24 | 0.503 | 289.90 | 757.3 16.8 31.2 434.6
2100 11 11.09 244 | 0.284 | 419.24 | 757.3 234 31.1 234.7
2100 23 23.25 511 | 0.466 | 328.39 | 756.8 23.0 31.1 326.7
2100 35 35.10 7.72 | 0.682 | 318.02 | 756.8 22.8 31.3 477.2

i ! & 4
FN997 4-5 UandHaaNIsnuriqanasaudnaNiuluieen duesmenadninduldu

AU NBIAINIIRALTRNAIANEN (STD-1.2) (i)

Oil | Water Air Air
Speed | Torque WT DT _ n, smoke
T T Density Flow F/A ¢
rpm N-m | °C °C °c | °c | kgm’ gls % BSN
1400 11 70.7 | 69.2 |24.8 | 30.0 1.158 8.713 | 90.98 | 0.021 | 0.30 0.4
1400 23 758 | 751 |25.0| 304 1.156 8.646 | 90.41 | 0.032 | 0.46 0.3
1400 35 80.0 | 824 |252 | 306 1.156 8.460 | 88.49 | 0.049 | 0.70 0.9
1700 11 80.5| 73.3 | 250|302 1.158 9.522 | 81.89 | 0.023 | 0.33 0.4
1700 23 839 | 781 | 254|304 1.157 9.463 | 81.44 | 0.037 | 0.53 0.6
1700 35 918 | 856 |254 3038 1.155 9.401 | 81.01 | 0.053 | 0.77 0.7
2100 11 901 755 | 246 | 30.2 1.158 11.106 | 77.32 | 0.026 | 0.37 0.4
2100 23 925 | 821 |256 | 304 1.156 11.004 | 76.71 | 0.042 | 0.61 0.7
2100 35 98.1 | 879 | 258|308 1.155 10.949 | 76.42 | 0.062 | 0.89 0.9
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F13999 96 uaRHaaNITIuENaanaaeudnnuAuluiadn ndaeTa @i dulday

AL NBIAINIIRALTDNAIANTN (STD-2.4)

Mano Air
Speed | Torque | Corrected T | Power | FC sfc Amb P Exn T
Measure Box T
rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 11 11.14 1.63 | 0.182 | 401.51 | 756.0 14.8 32.1 189.6
1400 23 23.35 3.42 | 0.285| 299.55 | 756.5 14.6 32.2 284.2
1400 35 35.22 516 | 0.423 | 294.58 | 756.5 14.2 32.6 417.5
1700 11 11.16 1.99 | 0.222 | 401.70 | 756.0 17.4 324 219.0
1700 23 23.35 416 | 0.352 | 304.42 | 756.3 17.1 32.3 302.0
1700 35 35.24 6.27 | 0.514 | 295.09 | 756.6 16.7 32.7 462.4
2100 11 11.16 245 | 0.284 | 416.46 | 757.0 23.6 32.1 242.8
2100 23 23.35 513 | 0.448 | 313.96 | 757.0 23.4 32.2 334.2
2100 35 35.25 7.75 | 0.703 | 326.55 | 757.0 234 32.8 506.5

i ! & 4
FN997 4-6 UandHaaNIInuTiqanasaudnaANAuluiaen daesmenaninduldu

AU NBIAINIIRALTRNAIANTN (STD-2.4) (Ai)

Qil Water Air Air
Speed | Torque WT DT _ n, smoke
T T Density Flow F/A ¢
rpm N-m °C °C °C | °Cc | kgm® gls % BSN
1400 11 714 | 706 | 26.8|31.0 1.153 8.814 | 92.44 | 0.021 | 0.30 0.5
1400 23 769 | 76.8 | 268|314 1.152 8.751 | 91.84 | 0.033 | 0.47 0.4
1400 35 81.7 | 843 | 26.0 | 31.6 1.151 8.628 | 90.60 | 0.049 | 0.70 0.8
1700 11 834 | 741 | 264|314 1.151 9.550 | 82.60 | 0.023 | 0.33 0.5
1700 23 86.2 | 785 |27.0| 314 1.152 9.470 | 81.86 | 0.037 | 0.53 0.7
1700 35 918 | 86.8 | 26.8 | 31.8 1.151 9.354 | 80.94 | 0.055 | 0.79 0.8
2100 11 91.3 76.4 | 26.2 | 31.8 1.151 11.122 | 77.87 | 0.026 | 0.37 0.4
2100 23 939 | 83.3 | 26.0 | 31.6 1.152 11.079 | 77.51 | 0.040 | 0.58 | 0.6
2100 35 100.0 | 89.8 | 26.4 | 32.0 1.150 11.072 | 77.56 | 0.064 | 0.91 0.9
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F19999 97 uangHaanITnuzNaanaaeudnAusuluiasun ndaeadamaaiduldy

12291 NBIAINITAATALNAIAUTIN (STD+1.2)

Mano Air
Speed | Torque | Corrected T | Power | FC sfc Amb P Exhn T
Measure Box T
rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 1" 11.15 1.63 | 0.183 | 403.80 | 754.8 14.4 31.2 190.8
1400 23 23.34 3.42 | 0.285| 299.66 | 754.8 14.1 314 | 275.2
1400 35 35.24 517 | 0.398 | 277.52 | 754.8 13.8 315 | 377.3
1700 11 11.15 1.99 | 0.227 | 41112 | 755.0 17.2 314 | 2044
1700 23 23.36 416 | 0.344 | 29742 | 755.3 16.9 31.7 | 292.2
1700 35 35.29 6.28 | 0.503 | 288.11 | 755.3 16.4 326 | 4116
2100 11 11.16 246 | 0.285 | 417.64 | 755.3 23.1 32.3 | 240.9
2100 23 23.37 514 | 0.457 | 319.96 | 755.8 23.2 32.2 | 3389
2100 35 35.26 7.75 | 0.667 | 309.49 | 755.8 23.2 329 | 4557

i ! & 4
P399 -7 uAndHAaNIInuENaanaaeudnausuluiasn ndaadamaindulgy

T22DU NOIAINITAATALNAIAUTIN (STD+1.2) (ia)

Qil Water Air Air
Speed | Torque WT DT _ n, smoke
T T Density Flow F/A ¢
rpm N-m °C °C °C | °Cc | kgm® gls % BSN
1400 11 724 | 68.7 | 252|306 1.152 8.692 | 91.19 | 0.021 | 0.30 0.2
1400 23 764 | 745 | 25.0 | 30.6 1.152 8.601 | 90.24 | 0.033 | 0.47 0.3
1400 35 829 | 81.7 | 246|310 1.151 8.504 | 89.33 | 0.047 | 0.67 0.6
1700 11 82.8 | 725 | 244 30.8 1.152 9.498 | 82.09 | 0.024 | 0.34 0.4
1700 23 856 | 77.3 | 252 | 31.0 1.152 9.414 | 81.39 | 0.036 | 0.52 0.4
1700 35 92.6 | 83.7 | 26.0 | 31.6 1.149 9.264 | 80.25 | 0.054 | 0.78 0.4
2100 11 90.6 756 | 256 | 31.2 1.151 11.002 | 77.05 | 0.026 | 0.37 0.3
2100 23 944 | 80.2 | 258|314 1.151 11.026 | 77.22 | 0.041 | 0.59 | 04
2100 35 101.6 | 87.3 | 26.0 | 31.6 1.150 11.022 | 77.24 | 0.060 | 0.87 0.6
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12291 NOIAINITAATANAIANEN (STD-1.2)

Mano Air
Speed | Torque | Corrected T | Power | FC sfc Amb P Exhn T
Measure Box T
rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 11 11.15 1.63 | 0.173 | 381.87 | 7555 14.6 315 | 1953
1400 23 23.37 343 | 0.275| 289.25 | 755.5 14.3 319 | 2855
1400 35 35.28 517 | 0.405 | 282.20 | 755.5 14.0 322 | 3978
1700 11 11.17 1.99 | 0.214 | 388.07 | 755.6 17.2 31.9 | 209.0
1700 23 23.37 416 | 0.344 | 297.21 | 755.8 17.0 321 301.1
1700 35 35.26 6.28 | 0.517 | 296.65 | 755.8 16.4 32.4 | 440.0
2100 11 11.15 245 | 0.286 | 419.45 | 756.0 23.4 320 | 2416
2100 23 23.34 513 | 0.448 | 314.08 | 756.3 23.2 319 | 3445
2100 35 35.28 7.76 | 0.672 | 311.68 | 755.5 23.2 32.3 | 474.0

i ! & 4
FN9797 4-8 UAAdHAaNIInUTqanasaudnaANAuluiaen daesmenaninduldx

(229U NBIAINITAATIANAIANEN (STD-1.2) (5ia)

Qil Water Air Air
Speed | Torque WT DT _ n, smoke
T T Density Flow F/A ¢
rpm N-m °C °C °C | °Cc | kgm® gls % BSN
1400 11 722 | 702 |27.031.0 1.152 8.751 | 91.84 | 0.020 | 0.28 0.2
1400 23 76.0 | 76.8 | 266 | 31.2 1.151 8.658 | 90.92 | 0.032 | 0.46 0.3
1400 35 814 | 84.0 | 26.6 | 31.6 1.150 8.561 | 90.02 | 0.047 | 0.68 0.6
1700 11 814 | 728 | 27.0]314 1.151 9.493 | 82.14 | 0.023 | 0.32 0.3
1700 23 85.2 | 78.0 |26.8 | 314 1.151 9.439 | 81.65 | 0.036 | 0.52 0.4
1700 35 90.1 846 | 264|316 1.150 9.268 | 80.22 | 0.056 | 0.80 0.4
2100 11 89.6 76.1 26.6 | 31.2 1.152 11.079 | 77.51 | 0.026 | 0.37 0.4
2100 23 935 | 80.7 | 264|312 1.152 11.033 | 77.17 | 0.041 | 0.58 0.4
2100 35 102.0 | 89.2 | 274 | 31.6 1.150 11.021 | 77.26 | 0.061 | 0.87 0.7




247

F13999 99 uansHaaNITIuENaanaaeudnAuAuluiadn ndaeTa @iy

(229U NOIAINITAATANAIANEN (STD-2.4)

Mano Air
Speed | Torque | Corrected T | Power | FC sfc Amb P Exhn T
Measure Box T
rpm N-m N-m kW g/s | g/kW-hr | mmHg mmH,0 °C °C
1400 11 11.16 1.64 | 0.180 | 395.25 | 755.5 14.8 32.3 196.8
1400 23 23.41 343 | 0.271 | 284.34 | 755.3 14.6 32.7 | 287.8
1400 35 35.36 518 | 0.388 | 269.41 | 755.0 14.2 32.8 | 389.2
1700 1" 11.21 2.00 | 0.219 | 394.85 | 754.3 17.2 329 | 2129
1700 23 23.47 418 | 0.341 | 293.68 | 754.5 17.0 32.8 | 306.1
1700 35 35.41 6.30 | 0.517 | 295.37 | 755.5 16.6 33.4 | 4495
2100 11 11.22 247 | 0.291 | 42513 | 755.3 23.6 33.2 | 251.2
2100 23 23.50 517 | 0.443 | 308.83 | 755.3 23.6 33.3 | 356.3
2100 35 35.44 7.79 | 0.682 | 314.94 | 755.5 235 33.7 | 504.7

i ! & 4
FN979% 4-9 UandHaaNIInuTqanasaudnaNAu e ndaesmenadninduldu

(229U NBIAINITAATIANAIANEN (STD-2.4) (5i8)

Qil Water Air Air
Speed | Torque WT DT _ n, smoke
T T Density Flow F/A ¢
rpm N-m °C °C °C | °Cc | kgm® gls % BSN
1400 11 713 | 70.3 | 278|312 1.151 8.808 | 92.50 | 0.020 | 0.29 0.2
1400 23 76.8 | 757 |28.0| 316 1.149 8.741 | 91.95 | 0.031 | 0.44 0.3
1400 35 82.8 | 823 | 27.0 32.0 1.147 8.613 | 90.75 | 0.045 | 0.65 0.4
1700 11 83.4 | 741 | 282 32.0 1.146 9.475 | 82.29 | 0.023 | 0.33 0.3
1700 23 86.6 | 79.0 | 27.2 | 32.0 1.147 9.421 | 81.80 | 0.036 | 0.52 0.3
1700 35 92.7 | 850 |27.2| 32.6 1.146 9.307 | 80.86 | 0.056 | 0.80 0.4
2100 11 91.8 772 | 274 | 324 1.146 11.099 | 78.04 | 0.026 | 0.38 0.4
2100 23 955 | 822 | 28.0 | 32.6 1.146 11.095 | 78.06 | 0.040 | 0.57 | 0.3
2100 35 100.5 | 88.2 | 28.0 | 32.8 1.145 11.070 | 77.91 | 0.062 | 0.88 0.7
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

2539 0.12 100 | 300 | 101 | 301 | 1.01 | 1.01 0.03 0.03 0.11 0.17 - - 0.43 219 96.3 69.8 1.3

2521 15.5 100 | 300 | 101 | 301 | 1.01 | 1.01 4.08 4.03 15.3 0.35 313 313 27 337 96.8 98.8 12.5

2479 30.2 100 300 101 301 | 1.01 | 1.01 7.85 7.75 29.9 0.57 261 261 32.4 487 98 99.1 12.6

2446 344 100 | 300 | 101 | 301 | 1.01 | 1.01 8.81 8.7 34 0.62 254 255 333 538 106 97.9 10.5

2402 38.9 100 | 300 | 101 | 309 | 0.98 | 0.98 9.79 9.98 39.7 0.71 261 260 32.6 600 109 97.3 14.6

. 2300 40.3 100 | 300 | 101 | 301 | 1.01 | 1.01 9.71 9.59 39.8 0.71 262 263 322 607 109 97.6 15.9

E 2198 421 100 | 300 | 101 | 309 | 0.99 | 0.98 9.69 9.86 42.8 0.7 260 259 32.7 613 110 97.2 17.4

CE 2002 44.9 100 | 300 | 101 | 308 | 0.99 | 0.99 9.41 9.54 455 0.68 262 261 324 617 111 97.3 18.6

° 1799 47.2 100 | 300 | 101 | 308 | 0.99 | 0.99 8.89 9.01 47.8 0.65 264 264 321 610 110 99.4 22.7

1602 48.2 100 | 300 | 101 | 307 | 0.99 | 0.99 8.09 8.18 48.8 0.6 266 266 31.9 591 108 99.2 27.8

1404 47.7 100 | 300 | 101 | 307 | 0.99 | 0.99 7.02 7.09 48.2 0.55 280 279 30.3 569 107 98.8 36.1

1402 47.7 100 | 300 | 101 | 307 | 0.99 | 0.99 7 7.07 48.2 0.55 282 281 30.1 569 105 99 36.1

1207 46.6 100 | 300 | 101 | 309 | 0.99 | 0.98 5.89 5.99 47.4 0.48 292 291 29.1 541 104 98.6 40

1008 46.7 100 | 300 | 101 | 301 | 1.01 | 1.01 4.93 4.86 46.1 0.41 297 298 28.4 508 102 97.2 40.4
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke
condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp
pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD
(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN
1201 0.03 100 | 300 | 101 | 308 | 0.99 | 0.98 0 0 0.03 0.06 - - 0.13 109 56.7 57.8 0.53
1199 4.91 100 | 300 | 101 | 308 | 0.99 | 0.98 0.62 0.63 4.99 0.09 505 503 16.8 151 60.2 63 2.96
1196 9.85 100 | 300 | 101 | 308 | 0.99 | 0.98 1.23 1.25 10 0.12 336 335 25.3 187 65.6 68.5 4.21
1194 14.7 100 | 300 | 101 | 308 | 0.99 | 0.98 1.84 1.87 14.9 0.14 279 279 304 220 68.2 71.6 2.87
S 1201 19.7 100 300 101 308 | 0.99 | 0.98 2.48 2.52 20.1 0.17 252 251 33.7 261 72.3 73.1 3.44
?U’ 1197 24.6 100 | 300 | 101 | 309 | 0.98 | 0.98 3.08 3.14 25 0.21 241 241 352 304 74.8 77 6.1
2 1200 295 100 | 300 | 101 | 309 | 0.98 | 0.98 3.71 3.78 30.1 0.24 235 235 36.1 349 79.3 80.1 7.18
1200 34.4 100 | 300 | 101 | 309 | 0.98 | 0.98 4.32 4.4 35 0.28 237 236 359 400 83.5 84.5 11.8
1203 39.3 100 | 300 | 101 | 309 | 0.98 | 0.98 4.96 5.05 401 0.34 247 246 344 454 84.5 90.4 28.3
1194 44.2 100 | 300 | 101 | 309 | 0.98 | 0.98 5.53 5.64 451 0.41 267 266 31.9 520 90 97.1 36.8
1198 46 100 | 300 | 101 | 309 | 0.98 | 0.98 5.78 5.89 46.9 0.5 311 311 27.3 528 90.9 97.4 55.2



nkam
Typewritten Text
249


4 4 e 9% o a .
AN9199 9-10 LAAINIINAFALANTINUSLATASUA NS 111NN UALTA (5ia)

250

Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

1398 -0.02 100 | 300 | 101 | 308 | 0.99 | 0.98 -0 -0 -0.02 0.07 - - -0.11 119 62.2 63.2 3.77

1399 4.91 100 | 300 | 101 | 308 | 0.99 | 0.98 0.72 0.73 4.98 0.1 495 494 17.2 152 67.7 66.2 1.48

1399 9.87 100 | 300 | 101 | 308 | 0.99 | 0.98 1.45 1.47 10 0.13 336 335 25.3 193 67.8 68.8 2.29

1402 14.8 100 | 300 | 101 | 308 | 0.99 | 0.99 217 22 15 0.17 279 279 30.4 230 73.7 70.3 2.82

N 1399 19.6 100 | 300 | 101 | 307 | 0.99 | 0.99 2.87 2.91 19.9 0.2 255 255 33.2 273 74.5 73 341

?U’ 1396 24.6 100 | 300 | 101 | 307 | 0.99 | 0.99 3.6 3.66 25 0.24 240 239 354 314 77.6 75.5 3.48

2 1397 295 100 | 300 | 101 | 307 | 0.99 | 0.99 4.32 4.38 29.9 0.28 232 231 36.6 356 81.9 78.9 3.65

1398 34.4 100 | 300 | 101 | 307 | 0.99 | 0.99 5.04 5.11 34.9 0.32 227 226 374 398 83.7 81.4 4.22

1403 39.3 100 | 300 | 101 | 307 | 0.99 | 0.99 5.78 5.86 39.9 0.36 227 226 374 445 86.8 85.4 6.72

1400 44.2 100 | 300 | 101 | 307 | 0.99 | 0.99 6.48 6.57 44.8 0.43 236 236 36 509 91.8 88.8 17.7

1392 47.4 100 | 300 | 101 | 307 | 0.99 | 0.99 6.91 6.99 48 0.58 300 300 28.3 554 93.9 92.5 53.1
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rom) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

1597 -0.1 100 | 300 | 101 | 306 | 0.99 | 0.99 -0.02 -0.02 -0.1 0.08 - - -0.46 130 67.7 66.1 0.37

1599 4.89 100 | 300 | 101 | 306 | 0.99 | 0.99 0.82 0.83 4.94 0.12 523 522 16.2 162 69.5 68.6 1.43

1597 9.88 100 | 300 | 101 | 306 | 0.99 | 0.99 1.65 1.67 9.98 0.16 344 343 247 201 74.7 71 1.95

1600 14.7 100 | 300 | 101 | 306 | 0.99 | 0.99 247 2.49 14.9 0.2 286 285 29.7 241 78.2 741 3.46

3 1600 19.6 100 | 300 | 101 | 306 | 0.99 | 0.99 3.29 3.32 19.8 0.24 261 260 325 282 82.3 76.6 4.69

?U’ 1598 24.6 100 | 300 | 101 | 306 | 0.99 | 0.99 412 417 24.9 0.28 247 246 34.4 331 83.9 79.1 6.46

2 1599 295 100 | 300 | 101 | 307 | 0.99 | 0.99 4.94 5 29.8 0.33 237 237 35.7 376 86 82.6 5.54

1597 34.4 100 | 300 | 101 | 307 | 0.99 | 0.99 5.76 5.82 34.8 0.37 232 231 36.6 419 90.5 85.1 5.02

1596 39.4 100 | 300 | 101 | 307 | 0.99 | 0.99 6.58 6.66 39.9 0.42 229 229 37 467 92.7 89.7 5.3

1599 44.2 100 | 300 | 101 | 307 | 0.99 | 0.99 7.4 7.5 44.8 0.49 236 236 35.9 529 96.9 93.6 11.6

1595 48.2 100 | 300 | 101 | 307 | 0.99 | 0.99 8.05 8.16 48.9 0.63 282 281 30.1 579 99.9 95.9 447
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rom) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

1796 -0.05 100 | 300 | 101 | 307 | 0.99 | 0.99 -0.01 -0.01 -0.05 0.09 - - -0.23 141 70.8 69.7 0.21

1796 4.92 100 | 300 | 101 | 307 | 0.99 | 0.99 0.93 0.94 4.98 0.14 533 532 15.9 175 74.1 724 2.82

1797 9.83 100 | 300 | 101 | 307 | 0.99 | 0.99 1.85 1.87 9.96 0.18 350 349 24.3 213 78 74.6 1.66

1801 14.7 100 | 300 | 101 | 307 | 0.99 | 0.99 2.78 2.82 14.9 0.23 293 292 29 253 79.3 79.2 2.21

= 1797 19.7 100 300 101 307 | 0.99 | 0.99 3.71 3.76 20 0.27 264 263 32.2 297 84.4 80.9 2.96

?U’ 1794 24.6 100 | 300 | 101 | 307 | 0.99 | 0.99 4.63 4.69 25 0.32 248 248 34.2 344 86 81.6 3.5

2 1802 295 100 | 300 | 101 | 307 | 0.99 | 0.99 5.57 5.65 30 0.38 244 244 34.8 396 90.9 86.5 8.83

1800 34.4 100 | 300 | 101 | 307 | 0.99 | 0.99 6.49 6.59 35 0.43 241 240 353 449 92.2 94.4 13.5

1797 39.4 100 | 300 | 101 | 307 | 0.99 | 0.99 7.41 7.52 40 0.5 243 242 35 506 96.4 94.6 15.5

1804 44.3 100 | 300 | 101 | 308 | 0.99 | 0.98 8.38 8.51 45 0.59 252 252 33.7 574 99.2 98.4 29.3

1801 47 100 | 300 | 101 | 308 | 0.99 | 0.98 8.87 9.02 47.8 0.68 277 276 30.7 602 101 98.8 44
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rom) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

1998 -0.03 100 | 300 | 101 | 308 | 0.99 | 0.98 -0.01 -0.01 -0.03 0.11 - - -0.12 157 74.1 72.3 0.32

2001 4.92 100 | 300 | 101 | 307 | 0.99 | 0.98 1.03 1.05 5 0.16 555 554 15.3 193 77.2 74.5 1.69

1999 9.84 100 | 300 | 101 | 308 | 0.99 | 0.98 2.06 2.09 9.99 0.21 360 359 23.6 232 81.2 77 2.83

2001 14.7 100 | 300 | 101 | 308 | 0.99 | 0.98 3.08 3.13 14.9 0.26 300 299 28.3 272 84.1 80 2.73

N 1993 19.6 100 | 300 | 101 | 307 | 0.99 | 0.99 4.09 4.15 19.9 0.3 268 267 317 314 85.5 84.7 1.97

?U’ 1996 24.6 100 | 300 | 101 | 307 | 0.99 | 0.99 5.14 522 25 0.36 252 251 33.7 362 90.4 86.8 3.73

2 1993 295 100 | 300 | 101 | 307 | 0.99 | 0.98 6.17 6.26 30 0.42 244 243 34.8 414 94.4 87.8 4.32

2000 34.4 100 | 300 | 101 | 308 | 0.99 | 0.98 7.21 7.32 35 0.49 242 242 35.1 471 96.4 93 7.04

1999 39.5 100 | 300 | 101 | 308 | 0.99 | 0.98 8.28 8.41 40.2 0.57 246 246 345 540 101 994 13.9

1999 44.2 100 | 300 | 101 | 308 | 0.99 | 0.98 9.26 9.41 44.9 0.69 270 269 31.5 621 104 101 31.3

1998 44.7 100 | 300 | 101 | 308 | 0.99 | 0.98 9.36 9.52 455 0.71 274 273 31 628 106 101 43
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

2196 0.06 100 | 300 | 101 | 308 | 0.99 | 0.98 0.01 0.01 0.06 0.13 - - 0.26 176 77.6 73.9 0.62

2197 4.95 100 | 300 | 101 | 308 | 0.99 | 0.98 1.14 1.16 5.03 0.19 586 585 14.5 214 81.9 77.6 1.84

2201 9.8 100 | 300 | 101 | 308 | 0.99 | 0.98 2.26 23 9.97 0.24 379 378 224 256 83.9 79.7 2.48

2197 14.7 100 | 300 | 101 | 308 | 0.99 | 0.98 3.38 3.44 15 0.29 310 309 27.4 297 91.1 81.3 2.14

g 2200 19.7 100 | 300 | 101 | 308 | 0.99 | 0.98 4.53 4.61 20 0.35 276 275 30.8 341 92.3 84.5 212

g 2197 24.6 100 | 300 | 101 | 308 | 0.99 | 0.98 5.66 5.76 25 0.41 260 259 32.7 391 96.2 91.5 3.22

2191 295 100 | 300 | 101 | 308 | 0.99 | 0.98 6.77 6.89 30 0.47 250 250 33.9 445 100 91.5 5.87

2200 34.4 100 | 300 | 101 | 308 | 0.98 | 0.98 7.92 8.06 35 0.55 249 249 34 507 102 94.3 9.29

2193 39.4 100 | 300 | 101 | 308 | 0.98 | 0.98 9.04 9.21 401 0.65 258 257 33 582 108 99.8 19.9

2198 42 100 | 300 | 101 | 309 | 0.98 | 0.98 9.67 9.86 42.8 0.73 272 271 31.3 629 107 102 34.2
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Qil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °Cc BSN

2393 -0.02 100 | 300 | 101 | 309 | 0.98 | 0.98 -0 -0 -0.02 0.16 - - -0.06 200 83.4 75.3 0.62

2397 4.93 100 | 300 | 101 | 309 | 0.98 | 0.98 1.24 1.26 5.02 0.21 616 614 13.8 241 85.6 76.7 1.06

2398 9.87 100 | 300 | 101 | 309 | 0.98 | 0.98 2.48 2.53 10.1 0.27 390 389 21.8 283 90.4 78.9 2.67

N 2391 14.7 100 | 300 | 101 | 309 | 0.98 | 0.98 3.68 3.75 15 0.33 319 318 26.6 324 93.6 82.4 2.9

380 2400 19.7 100 | 300 | 101 | 309 | 0.98 | 0.98 4.94 5.04 20 0.39 285 284 29.8 373 96.6 84.3 3.47

2 2401 24.6 100 | 300 | 101 | 309 | 0.98 | 0.98 6.18 6.31 251 0.46 267 266 31.8 422 101 88.8 5.64

2400 295 100 | 300 | 101 | 309 | 0.98 | 0.98 7.42 7.57 30.1 0.54 261 260 326 484 104 921 10.9

2398 345 100 | 300 | 101 | 309 | 0.98 | 0.98 8.66 8.84 35.2 0.63 261 260 325 550 107 92.9 21.7

2396 38.3 100 | 300 | 101 | 309 | 0.98 | 0.98 9.61 9.81 39.1 0.73 273 272 31.2 612 110 96.6 322
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

2561 0 100 300 101 304 1 1 0 0 0 0.22 7977 7977 0 211 85.2 70.7 6.2

2501 19 100 | 300 | 101 | 305 1 0.99 4.99 5.01 19.1 0.49 357 356 26.1 - 100 84.1 7.9

2449 321 100 300 101 306 | 0.99 | 0.99 8.24 8.31 32.4 0.77 335 334 27.8 - 102 94.1 151

2398 37.2 100 | 300 | 101 | 307 | 0.99 | 0.99 9.34 9.44 37.6 0.81 311 310 29.9 - 105 95 14.8

2347 37.9 100 | 300 | 101 | 310 | 0.98 | 0.97 9.32 9.59 39 0.84 325 324 28.7 - 102 97 12.8

2297 384 100 | 300 | 101 | 310 | 0.98 | 0.97 9.23 9.48 394 0.81 318 316 29.3 - 101 95.6 19.3

a 2249 39.5 100 | 300 | 101 | 309 | 0.98 | 0.98 9.3 9.53 40.4 0.85 329 328 28.3 - 96.7 95.5 22.1

E 2195 40.6 100 | 300 | 101 | 309 | 0.98 | 0.98 9.34 9.55 41.6 0.82 317 315 294 - 100 96.3 18.1

)5 2097 425 100 | 300 | 101 | 310 | 0.98 | 0.97 9.34 9.58 43.6 0.84 323 322 28.9 645 93.7 97.2 31.9

1997 41 100 | 300 | 101 | 310 | 0.98 | 0.97 8.57 8.8 421 0.79 333 331 28 623 101 100 323

1796 43.6 100 | 300 | 101 | 310 | 0.98 | 0.98 8.21 8.41 447 0.75 330 329 28.3 622 98.2 99.4 39.6

1599 454 100 | 300 | 101 | 309 | 0.98 | 0.98 7.6 7.7 46.4 0.69 328 327 28.4 591 101 101 40.9

1390 45.9 100 | 300 | 101 | 309 | 0.98 | 0.98 6.68 6.82 46.9 0.63 341 340 27.3 558 96.7 98.7 41.4

1202 46 100 | 300 | 101 | 309 | 0.98 | 0.98 5.79 5.92 47 0.54 333 332 28 534 98.8 99.1 41.9

992 454 100 | 300 | 101 | 309 | 0.98 | 0.98 4.72 4.82 46.5 0.46 351 350 26.6 493 98.8 98.5 455
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Qil Water | smoke
condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp
pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD
(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °Cc BSN
1208 -0.01 100 | 300 | 101 | 309 | 0.98 | 0.98 -0 -0 -0.01 0.07 - - -0.06 104 69.3 65.7 1.97
1222 4.9 100 | 300 | 101 | 309 | 0.98 | 0.98 0.63 0.64 5 0.13 731 728 12.7 142 69.7 66.9 3.92
1198 9.85 100 300 101 309 | 0.98 | 0.98 1.24 1.26 10.1 0.16 457 456 20.4 176 71.2 70.1 3.42
1195 14.8 100 | 300 | 101 | 309 | 0.98 | 0.98 1.85 1.89 15.1 0.17 339 338 27.5 212 73 73.2 4.62
S 1202 19.6 100 300 101 309 | 0.98 | 0.98 2.47 2.52 20 0.21 299 299 311 250 74.8 75.4 4.41
?U’ 1192 24.7 100 | 300 | 101 | 309 | 0.98 | 0.98 3.08 3.15 252 0.26 300 299 31 288 76.7 78.2 5.1
2 1200 295 100 | 300 | 101 | 309 | 0.98 | 0.98 3.71 3.78 30.1 0.28 276 275 33.8 329 78.8 80.6 5.84
1195 345 100 | 300 | 101 | 309 | 0.98 | 0.98 4.31 4.41 35.2 0.31 261 260 357 375 82.2 88.6 9.86
1201 39.4 100 | 300 | 101 | 310 | 0.98 | 0.98 4.96 5.06 40.3 0.39 285 284 32.7 428 85.3 90.8 16.8
1196 44 100 | 300 | 101 | 310 | 0.98 | 0.98 5.52 5.64 45 0.44 287 286 324 508 87.9 92.7 26.4
1195 47.5 100 | 300 | 101 | 309 | 0.98 | 0.98 5.95 6.07 48.5 0.55 332 331 28.1 503 89.2 92 41.4
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

1404 -0.03 100 | 300 | 101 | 304 1 1 -0 -0 -0.03 0.09 - - -0.12 114 63.2 61.5 2.48

1408 4.92 100 | 300 | 101 | 305 1 1 0.72 0.73 4.93 0.15 724 724 12.8 151 66.4 64.8 3.66

1397 9.86 100 | 300 | 101 | 305 1 1 1.44 1.45 9.9 0.16 406 406 22.9 190 70 68.5 4.29

1404 14.8 100 | 300 | 101 | 305 1 0.99 217 2.18 14.9 0.2 329 329 28.2 224 72.8 70.8 4.94

é 1400 19.7 100 | 300 | 101 | 306 | 0.99 | 0.99 2.89 29 19.8 0.23 284 284 32.7 264 76.5 74.5 4.4

g 1402 24.6 100 | 300 | 101 | 306 | 0.99 | 0.99 3.61 3.64 24.8 0.28 283 283 328 304 78.7 77 4.16

1397 295 100 | 300 | 101 | 306 | 0.99 | 0.99 4.31 4.36 29.8 0.31 262 262 354 347 81.1 80.1 5.33

1406 34.4 100 | 300 | 101 | 307 | 0.99 | 0.99 5.06 5.12 34.8 0.37 261 261 35.6 395 4.7 79.1 7.85

1401 39.3 100 | 300 | 101 | 307 | 0.99 | 0.99 5.77 5.85 39.8 0.44 275 274 33.9 451 80 87.5 9.93

1399 441 100 | 300 | 101 | 307 | 0.99 | 0.99 6.46 6.56 447 0.54 298 297 31.2 532 85.9 93.7 21.2
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

1595 -0.01 100 | 300 | 101 | 309 | 0.98 | 0.98 -0 -0 -0.01 0.12 - - -0.03 128 72.7 68.3 2.78

1600 4.93 100 | 300 | 101 | 309 | 0.98 | 0.98 0.83 0.84 5.03 0.14 597 595 15.6 165 76.4 70.8 4.08

1603 9.85 100 | 300 | 101 | 309 | 0.98 | 0.98 1.65 1.69 10.1 0.19 414 413 22,5 204 78.6 734 4.17

1597 14.8 100 | 300 | 101 | 309 | 0.98 | 0.98 2.47 2.53 15.1 0.25 361 360 25.8 241 81.5 75.9 4.31

3 1596 19.7 100 | 300 | 101 | 309 | 0.98 | 0.98 3.29 3.36 20.1 0.3 331 330 28.2 280 83.5 78.4 5.39

?U’ 1599 24.6 100 | 300 | 101 | 309 | 0.98 | 0.98 412 4.22 25.2 0.33 292 291 31.9 323 85.9 79.6 5.32

2 1599 295 100 | 300 | 101 | 309 | 0.98 | 0.98 4.94 5.06 30.2 0.38 275 274 33.9 369 88.5 83.2 5.53

1599 344 100 | 300 | 101 | 309 | 0.98 | 0.98 577 59 352 0.44 275 274 33.9 425 91.3 87.4 8.91

1597 39.4 100 | 300 | 101 | 309 | 0.98 | 0.98 6.59 6.74 40.3 0.52 285 284 326 487 94.9 91.8 11.9

1598 44.2 100 | 300 | 101 | 309 | 0.98 | 0.98 7.4 7.57 45.2 0.63 305 304 30.5 564 97.7 94.4 23

1598 46.7 100 | 300 | 101 | 309 | 0.98 | 0.98 7.81 7.99 47.8 0.69 320 319 29.2 594 99.9 95.2 35.1
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rom) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

1798 0.03 100 | 300 | 101 | 309 | 0.98 | 0.98 0.01 0.01 0.03 0.13 - - 0.11 142 81.6 711 2.16

1798 4.93 100 | 300 | 101 | 308 | 0.98 | 0.98 0.93 0.95 5.04 0.17 669 667 13.9 178 82.5 72 3.68

1799 9.88 100 | 300 | 101 | 308 | 0.98 | 0.98 1.86 1.9 10.1 0.22 421 420 221 216 84.3 74.8 3.74

1798 14.8 100 | 300 | 101 | 308 | 0.98 | 0.98 2.78 2.83 15.1 0.28 360 359 25.9 255 86.9 76.8 3.79

> 1799 19.7 100 | 300 | 101 | 308 | 0.98 | 0.98 3.7 3.77 20 0.33 322 321 28.9 296 88.6 78.5 4.08

?U’ 1794 24.6 100 | 300 | 101 | 308 | 0.98 | 0.98 4.62 4.7 25 0.38 295 294 31.5 339 91.3 82 4.33

2 1800 295 100 | 300 | 101 | 308 | 0.99 | 0.98 5.55 5.65 30 0.43 279 278 33.4 387 94 88.2 4.6

1797 34.4 100 | 300 | 101 | 306 | 0.99 | 0.99 6.47 6.54 34.7 0.49 274 274 33.9 444 95.8 88.8 8.4

1795 39.4 100 | 300 | 101 | 306 | 0.99 | 0.99 7.4 7.47 39.7 0.57 276 276 33.7 531 98.4 89.5 14.1

1782 44.2 100 | 300 | 101 | 306 | 0.99 | 0.99 8.24 8.34 44.7 0.71 308 308 30.2 616 101 95.6 19.3

1798 44.4 100 | 300 | 101 | 307 | 0.99 | 0.99 8.37 8.47 45 0.75 322 322 28.8 614 101 94.8 30.3
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN

2004 0.04 100 | 300 | 101 | 307 | 0.99 | 0.99 0.01 0.01 0.04 0.14 - - 0.16 154 78.3 69.2 4.29

2000 4.94 100 | 300 | 101 | 307 | 0.99 | 0.99 1.03 1.05 5 0.21 739 737 12.6 192 81.2 71.4 4.48

1995 9.85 100 | 300 | 101 | 307 | 0.99 | 0.99 2.06 2.09 9.98 0.24 420 419 222 229 83.8 74.2 4.94

1998 14.7 100 | 300 | 101 | 307 | 0.99 | 0.99 3.08 3.13 15 0.29 336 335 27.7 268 87 771 4.38

g 1997 19.6 100 | 300 | 101 | 308 | 0.99 | 0.98 4.11 4.17 19.9 0.37 327 326 28.5 310 89.5 79.4 4.72

g 1998 24.5 100 | 300 | 101 | 308 | 0.99 | 0.98 5.14 522 24.9 0.41 290 290 321 357 92.6 84 4.54

1995 294 100 | 300 | 101 | 308 | 0.99 | 0.98 6.15 6.24 29.9 0.48 280 279 33.3 409 96.3 91 4.48

1989 34.4 100 | 300 | 101 | 308 | 0.99 | 0.98 7.18 7.29 35 0.56 283 283 328 482 98.8 92.4 7.51

1995 39.4 100 | 300 | 101 | 308 | 0.99 | 0.99 8.24 8.36 40 0.64 278 277 33.5 578 93.2 96.9 15.3

1997 42.7 100 | 300 | 101 | 308 | 0.99 | 0.98 8.93 9.07 434 0.79 319 319 29.1 611 99.6 99.6 25.2
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected | Fuel Conv. | Exhaust Oil Water | smoke
condition condition factor Power Torque fuel cons. sfc Eff. Temp Temp | Temp
pr Tr px Tx k a P Px average sfc sfc I']f Ex oT WT SD
(rom) | (N-m) | (kPa) | (K) | (kPa) | (K) (kw) (kw) (N-m) (gfs) (g/kW-hr) | (g/kW-hr) % °C °Cc °Cc BSN
2197 0.02 100 | 300 | 101 | 308 | 0.99 | 0.99 0.01 0.01 0.02 0.17 - - 0.08 177 85 73.8 3.92
2195 4.93 100 | 300 | 101 | 308 | 0.99 | 0.99 1.13 1.15 5 0.24 77 775 12 216 86.3 75.6 3.63
2198 9.84 100 | 300 | 101 | 308 | 0.99 | 0.98 2.26 23 9.99 0.29 468 466 19.9 255 88.5 78.6 3.91
N 2199 14.7 100 | 300 | 101 | 308 | 0.99 | 0.99 3.39 3.44 14.9 0.36 378 377 24.6 294 91.1 80.3 3.88
380 2196 19.6 100 | 300 | 101 | 308 | 0.99 | 0.98 4.52 4.59 20 0.42 333 332 28 338 93.2 82.8 4.46
2 2197 24.6 100 | 300 | 101 | 308 | 0.99 | 0.98 5.66 5.75 25 0.45 287 287 324 389 96.2 91.6 5.24
2198 29.6 100 | 300 | 101 | 308 | 0.99 | 0.98 6.81 6.92 30.1 0.54 283 282 329 448 99.5 93.2 5.6
2188 34.4 100 | 300 | 101 | 308 | 0.99 | 0.98 7.88 8.01 35 0.59 268 267 34.7 528 102 97.5 9
2196 40.6 100 | 300 | 101 | 308 | 0.99 | 0.98 9.35 9.5 41.3 0.82 316 316 29.4 577 105 99.2 14.4
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Oil Water | smoke
condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc I’]f Ex oT WT SD

(rom) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kW) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °C BSN

2391 0.01 100 | 300 | 101 | 307 | 0.99 | 0.99 0 0 0.01 0.2 - - 0.04 198 87.8 76 4.35

2395 4.99 100 | 300 | 101 | 307 | 0.99 | 0.99 1.25 1.27 5.05 0.26 738 737 12.6 240 90.4 77.6 3.79

2394 9.86 100 | 300 | 101 | 308 | 0.99 | 0.99 247 25 9.98 0.31 451 450 20.6 281 92.7 78.7 4.27

g 2397 14.8 100 | 300 | 101 | 308 | 0.99 | 0.99 3.7 3.75 15 0.38 369 368 252 325 94.9 81.6 4.39
g 2393 19.7 100 | 300 | 101 | 308 | 0.99 | 0.99 4.93 5 19.9 0.43 313 312 29.8 377 98.3 88.3 5.09
2390 24.6 100 | 300 | 101 | 308 | 0.99 | 0.99 6.16 6.25 25 0.52 303 303 30.7 434 101 89.8 5.41

2389 295 100 | 300 | 101 | 308 | 0.99 | 0.99 7.39 7.49 29.9 0.64 311 310 29.9 515 103 90.5 6.46

2393 37.2 100 | 300 | 101 | 308 | 0.99 | 0.99 9.32 9.45 377 0.81 311 311 29.9 567 104 92.2 9.85
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Qil Water | smoke
condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp Temp | Temp
pr Tr px Tx k a P Px average sfc sfc nf Ex oT WT SD
(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kW) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °C BSN
2544 0.07 100 | 300 | 102 | 305 1 1 0.02 0.02 0.07 0.21 - - 0.24 215 90.2 70.5 0.75
2505 25.3 100 | 300 | 102 | 306 1 0.99 6.65 6.69 255 0.57 310 310 29.6 461 101 83.5 3.29
2446 36.6 100 | 300 | 102 | 307 | 0.99 | 0.99 9.38 9.46 36.9 0.86 331 331 27.7 640 109 94 17
2399 37.2 100 | 300 | 102 | 307 | 0.99 | 0.99 9.34 9.42 37.5 0.81 311 311 29.5 638 113 95 19.4
2350 37.8 100 | 300 | 102 | 307 | 0.99 | 0.99 9.3 9.38 38.1 0.81 312 311 29.5 634 114 94.9 17.5
2299 38.7 100 | 300 | 102 | 306 | 0.99 | 0.99 9.31 9.37 38.9 0.81 312 311 29.5 640 115 94.8 20.9
Z 2245 40.8 100 | 300 | 101 | 301 | 1.01 | 1.01 9.59 9.48 40.3 0.81 304 305 30.1 634 110 925 17.9
(E) 2199 415 100 | 300 | 101 | 302 | 1.01 | 1.01 9.56 9.46 411 0.8 301 301 30.5 638 110 92.6 19.4
)5 2095 43.3 100 | 300 | 101 | 302 | 1.01 | 1.01 9.51 9.43 43 0.82 310 310 29.6 646 106 96.2 26.1
1996 44 4 100 | 300 | 101 | 303 1 1 9.27 9.26 443 0.79 308 308 29.8 645 108 98.8 26.8
1799 46.1 100 | 300 | 101 | 303 1 1 8.68 8.66 46 0.76 315 315 29.1 632 108 99 34.3
1599 47.3 100 | 300 | 101 | 304 1 1 7.93 7.95 47.5 0.72 329 329 27.9 606 102 97.9 431
1401 47.9 100 | 300 | 101 | 304 1 1 7.03 7.03 47.9 0.64 330 330 27.8 573 99.4 97 46.9
1206 475 100 | 300 | 101 | 305 1 0.99 6.01 6.04 47.8 0.55 333 332 27.6 545 95.6 98.4 47.9
983 46.1 100 | 300 | 101 | 306 | 0.99 | 0.99 4.75 4.79 46.5 0.41 310 310 29.6 495 93.2 98.1 49.6
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Qil Water | smoke

condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc nf Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °C BSN

1197 0.02 100 | 300 | 101 | 307 | 0.99 | 0.99 0 0 0.02 0.08 - - 0.08 108 62.6 62.8 0.87

1198 4.88 100 | 300 | 101 | 307 | 0.99 | 0.99 0.61 0.62 4.92 0.13 735 735 12.5 144 64.1 64.7 243

1196 9.84 100 | 300 | 101 | 307 | 0.99 | 0.99 1.23 1.24 9.92 0.14 416 416 221 184 66.4 67.4 2.34

1200 14.7 100 | 300 | 102 | 306 1 1 1.85 1.86 14.8 0.17 338 338 271 222 68.9 69.6 24

= 1198 19.7 100 | 300 | 102 | 306 1 1 247 2.48 19.7 0.2 293 293 31.3 263 69.7 71.3 3.49

380 1200 24.6 100 | 300 | 102 | 305 1 1 3.09 3.1 24.7 0.26 304 304 30.2 300 71.6 74.9 4.15

2 1200 29.5 100 | 300 | 102 | 305 1 1 3.71 3.72 29.6 0.29 279 279 329 340 74 78 5.15

1198 345 100 | 300 | 102 | 306 1 1 4.32 4.34 34.6 0.32 266 266 345 381 76.2 82 5.85

1195 39.3 100 | 300 | 102 | 306 1 1 4.92 4.93 394 0.38 276 276 33.3 431 79.1 87.8 10.5

1199 44.2 100 | 300 | 102 | 306 1 1 5.56 5.58 44 .4 0.43 279 279 329 504 82.6 95.1 17.8

1192 48.5 100 | 300 | 102 | 306 1 1 6.05 6.07 48.6 0.55 327 327 28.1 551 85.5 101 48.6
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Qil Water | smoke
condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp Temp | Temp
pr Tr px Tx k a P Px average sfc sfc nf Ex oT WT SD
(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °C BSN
1401 -0.02 100 | 300 | 102 | 309 | 0.99 | 0.98 -0 -0 -0.03 0.09 - - -0.1 120 67.5 61.5 1.34
1398 4.9 100 | 300 | 102 | 309 | 0.99 | 0.98 0.72 0.73 4.98 0.13 654 652 14.1 158 68.5 63.5 2.68
1401 9.85 100 | 300 | 102 | 310 | 0.98 | 0.98 1.45 1.47 10 0.16 391 390 235 200 70.9 66.5 242
1401 14.8 100 | 300 | 102 | 310 | 0.98 | 0.98 2.16 22 15 0.2 326 325 28.2 240 72.5 68.3 2.34
3 1403 19.7 100 | 300 | 102 | 310 | 0.98 | 0.98 2.89 2.94 20 0.24 303 303 30.3 281 74.4 70.5 3
380 1395 24.6 100 | 300 | 102 | 310 | 0.98 | 0.98 3.59 3.66 25 0.28 284 283 324 322 76.2 73.7 3.05
2 1401 29.5 100 | 300 | 102 | 310 | 0.98 | 0.98 4.33 4.42 30.1 0.33 277 276 333 368 78.6 76.5 4.75
1400 34.4 100 | 300 | 102 | 310 | 0.98 | 0.98 5.04 5.14 35 0.37 263 262 35 413 80.9 79.4 52
1397 39.3 100 | 300 | 102 | 310 | 0.98 | 0.98 5.75 5.87 401 0.44 275 274 335 464 83.4 83.1 9.95
1401 44.2 100 | 300 | 102 | 310 | 0.98 | 0.98 6.48 6.61 45 0.52 287 287 32 540 86.2 86.9 23.9
1399 47.8 100 | 300 | 102 | 309 | 0.98 | 0.98 6.99 713 48.7 0.63 325 324 28.3 582 88.8 90.9 49.6
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Qil Water | smoke

condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc nf Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °c BSN

1597 0.09 100 | 300 | 102 | 305 1 1 0.01 0.01 0.09 0.1 - - 0.36 129 725 64.1 1.9

1596 4.9 100 | 300 | 102 | 306 1 1 0.82 0.82 4.92 0.14 616 616 14.9 164 73.1 66.3 1.42

1594 9.85 100 | 300 | 102 | 306 1 0.99 1.64 1.65 9.9 0.2 435 435 211 208 74.3 68.9 2.48

1595 14.7 100 | 300 | 101 | 306 1 1 2.46 2.47 14.8 0.24 352 352 26.1 250 76 71.9 2.54

2 1597 19.6 100 | 300 | 101 | 306 | 0.99 | 0.99 3.28 33 19.8 0.28 306 305 30 293 77.5 74.3 3.63

380 1601 24.6 100 | 300 | 101 | 306 | 0.99 | 0.99 4.12 4.15 24.8 0.33 289 288 31.8 337 79.1 7.3 3.04

2 1595 29.5 100 | 300 | 101 | 307 | 0.99 | 0.99 4.93 4.98 29.8 0.37 272 272 33.8 381 80.9 80.3 3.8

1602 34.4 100 | 300 | 101 | 307 | 0.99 | 0.99 577 5.83 34.8 0.43 270 270 34 429 82.8 83.5 6.48

1599 39.3 100 | 300 | 101 | 307 | 0.99 | 0.99 6.58 6.66 39.8 0.5 275 275 334 483 86.2 87.3 9.12

1598 44.2 100 | 300 | 101 | 308 | 0.99 | 0.99 7.4 7.5 44.8 0.58 280 279 32.8 562 89.1 91.9 20

1598 47.8 100 | 300 | 101 | 308 | 0.99 | 0.99 8 8.11 48.5 0.7 315 315 29.2 615 92 94.5 42.7
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Qil Water | smoke

condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc nf Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °C BSN

1794 -0.08 100 | 300 | 101 | 308 | 0.99 | 0.98 -0.02 -0.02 -0.08 0.12 - - -0.33 143 74.4 67.5 2.09

1795 4.9 100 | 300 | 101 | 309 | 0.98 | 0.98 0.92 0.94 4.99 0.17 661 659 13.9 181 7.2 70.2 2.16

1797 9.83 100 | 300 | 101 | 309 | 0.98 | 0.98 1.85 1.89 10 0.21 414 412 22.3 223 79.4 73.3 247

1795 14.7 100 | 300 | 101 | 309 | 0.98 | 0.98 2.77 2.83 15 0.26 343 342 26.8 266 82.9 76.5 3.45

2 1799 19.7 100 | 300 | 101 | 309 | 0.98 | 0.98 3.7 3.78 20.1 0.32 312 312 29.5 312 85.8 79.1 2,77

380 1796 24.6 100 | 300 | 101 | 309 | 0.98 | 0.98 4.62 4.71 25 0.37 290 289 31.7 359 88.1 79.7 2.9

2 1798 29.5 100 | 300 | 101 | 309 | 0.98 | 0.98 5.56 5.68 30.1 0.43 277 276 33.2 406 89.8 84.9 3.66

1795 34.4 100 | 300 | 101 | 309 | 0.98 | 0.98 6.47 6.6 35.1 0.49 275 274 335 461 92.8 91.9 4.76

1795 39.3 100 | 300 | 101 | 309 | 0.98 | 0.98 7.38 7.53 401 0.57 278 277 33.1 520 95.5 92.4 7.22

1796 441 100 | 300 | 101 | 309 | 0.98 | 0.98 8.3 8.47 45 0.67 292 291 31.6 607 97.8 96.6 24.6

1798 46.4 100 | 300 | 101 | 309 | 0.98 | 0.98 8.74 8.92 47.4 0.76 313 312 294 642 100 96.7 41.8
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Qil Water | smoke

condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp Temp | Temp

pr Tr px Tx k a B P Px average sfc sfc nf Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °C BSN

1992 -0.05 100 | 300 | 101 | 308 | 0.99 | 098 | 1 | -0.01 -0.01 -0.05 0.14 - - -0.19 159 80.3 70.6 1.83

1996 4.87 100 | 300 | 101 | 308 | 0.99 | 0.98 | 1 1.02 1.04 4.95 0.19 684 683 13.4 196 82.1 72 1.81

1992 9.82 100 | 300 | 101 | 308 | 0.99 | 0.98 | 1 2.05 2.08 9.98 0.24 426 425 216 237 83.8 74.5 1.9

1997 14.7 100 | 300 | 101 | 309 | 0.99 | 0.98 | 1 3.07 3.13 15 0.31 357 356 25.7 282 86.4 78.2 2.11

N 2000 19.7 100 | 300 | 101 | 309 | 0.98 | 0.98 | 1 4.12 4.2 20.1 0.37 319 318 28.9 331 89.4 81.9 2.38

380 1997 24.6 100 | 300 | 101 | 309 | 0.98 | 0.98 | 1 5.15 525 25.1 0.41 288 287 32 379 91.7 84.7 2.72

2 1999 29.5 100 | 300 | 101 | 310 | 0.98 | 0.98 | 1 6.18 6.31 30.1 0.48 281 280 32.8 428 94.7 925 4.25

1998 34.4 100 | 300 | 101 | 310 | 0.98 | 0.98 | 1 7.19 7.34 35.1 0.57 287 287 32 483 96.9 92.6 4.83

2002 39.2 100 | 300 | 101 | 310 | 0.98 | 0.98 | 1 8.22 8.39 40 0.65 283 282 32.6 550 98.5 93.3 1.1

2000 441 100 | 300 | 101 | 310 | 0.98 | 0.98 | 1 9.24 9.45 451 0.76 297 296 31 637 101 98 26.1

1998 452 100 | 300 | 101 | 310 | 0.98 | 0.98 | 1 9.45 9.67 46.2 0.78 299 298 30.8 653 103 98.6 33.2
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Oil Water | smoke

condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp | Temp | Temp

pr Tr px Tx k a P Px average sfc sfc nf Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °C BSN

2192 0.03 100 | 300 | 102 | 309 | 0.99 | 0.98 0.01 0.01 0.03 0.16 - - 0.11 177 84.4 73.9 2.02

2193 4.88 100 | 300 | 102 | 310 | 0.98 | 0.98 1.12 1.14 4.97 0.22 704 702 13.1 214 85.7 75.6 1.9

2199 9.84 100 | 300 | 102 | 310 | 0.98 | 0.98 2.27 2.31 10 0.27 434 432 21.2 258 88.6 77.6 2.32

2199 14.7 100 | 300 | 102 | 310 | 0.98 | 0.98 3.39 3.46 15 0.34 364 363 25.3 303 90.3 79.6 2.06

g 2198 19.7 100 | 300 | 102 | 310 | 0.98 | 0.98 4.53 4.62 20.1 0.4 319 318 28.9 350 92.3 82.5 2.78

g 2199 24.6 100 | 300 | 102 | 310 | 0.98 | 0.98 5.67 5.78 25.1 0.46 295 294 31.2 403 95.7 89 243

2196 29.5 100 | 300 | 102 | 310 | 0.98 | 0.98 6.78 6.92 30.1 0.56 295 294 31.2 455 99.2 89.9 4.61

2195 34.4 100 | 300 | 102 | 310 | 0.98 | 0.98 7.91 8.07 35.1 0.63 289 288 31.9 518 101 924 6.9

2195 39.3 100 | 300 | 102 | 310 | 0.98 | 0.98 9.04 9.22 401 0.73 291 290 31.7 593 103 97.3 12.1

2197 422 100 | 300 | 102 | 310 | 0.98 | 0.98 9.72 9.91 431 0.83 307 306 30 656 105 100 26.3
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Condition | Speed | Torque Standard Relative Correction Power | Corrected | Corrected mf Specific Corrected Fuel Exhaust Qil Water | smoke

condition condition factor Power Torque fuel cons. sfc Conv. Eff. Temp Temp | Temp

pr Tr px Tx k a P Px average sfc sfc nf Ex oT WT SD

(rem) | (N-m) | (kPa) | (K) | (kPa) | (K) (kW) (kw) (N-m) (g/s) (g/kW-hr) | (g/kW-hr) % °C °C °C BSN

2399 0.03 100 | 300 | 102 | 309 | 0.99 | 0.99 0.01 0.01 0.03 0.19 - - 0.11 200 87.6 73.2 3.08

2398 4.95 100 | 300 | 102 | 308 | 0.99 | 0.99 1.24 1.26 5.01 0.25 731 729 12.6 241 89.4 74.8 2.47

2400 9.8 100 | 300 | 102 | 308 | 0.99 | 0.99 2.46 2.49 9.92 0.31 458 457 20.1 284 92 77.3 2.38

N 2397 14.7 100 | 300 | 102 | 309 | 0.99 | 0.99 3.69 3.74 14.9 0.38 373 372 24.7 332 94.4 80.8 2.86

;%; 2397 19.7 100 | 300 | 102 | 309 | 0.99 | 0.99 4.94 5 19.9 0.45 330 330 27.8 384 96 82.8 3.27

2 2400 24.6 100 | 300 | 102 | 309 | 0.99 | 0.99 6.19 6.27 24.9 0.53 308 307 29.9 437 97.8 86.1 2.98

2398 29.5 100 | 300 | 102 | 309 | 0.99 | 0.99 7.4 7.5 29.9 0.61 296 295 311 495 102 90.3 3.46

2398 34.4 100 | 300 | 102 | 309 | 0.99 | 0.99 8.64 8.75 34.9 0.73 304 304 30.2 574 104 91.2 8.76

2395 38.1 100 | 300 | 102 | 309 | 0.99 | 0.99 9.56 9.68 38.6 0.8 303 302 30.3 641 105 94.5 19.4
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