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ABSTRACT

TITLE . INVESTIGATION ON COMBUSTION CHARACTERISTIC AND
PERFORMANCE OF SMALL PRODUCER GAS ENGINES

BY : PISARN SOMBATWONG
‘ A{DEGREE : MASTER OF ENGINEERING
MAJOR : MACHANICAL ENGINEERING
CHAIR : ASSTPROF PRACHASANTI THATYASUIT, Ph.D.

KEYWORDS : COMBUSTION CHARACTERISTICS / ENGINE PERFORMANCE /

DUAL FUEL ENGINE / PRODUCER GAS / EXHAUST GAS EMISSION

Producer gas 1s one of the potential alternative energy which has long been used as a
fuel in engines, however, very few researches about the combustion characteristics have been
done. In this study, the combustion characteristic and performances of both gas engine mode and
producer gas—diesel dual fuel engine mode are investigated.

In dual fuel mode, the single cylinder, direct injection, diesel engine mounting with
in-cylinder pressure transducer is used in the combustion characteristic study. Producer gas, from
charcoal, is generated from 50 kW double throat downdraft gasifier. The combustion and
emission characteristics of dual fuel engine are investigated at constant speed 1500 rpm at various
brake mean effective pressure (bmep) loads between 0-715.8 kPa and various diesel-gas input
ratio for maximum diesel saving ratio of each load. It is shown that the maximum diesel fuel
saving is 71.15% at bmep load of 501 kPa. The CO emission is higher in the case of dual fuel
mode comparing to that of the diesel mode. NO_ is decreased by 30-350 ppm depending on the
bmep. In the dual mode, the ignition delay bedomes longer when the diesel saving ratio is
increased. At the maximmum diesel saving, the ignition delay is increased 2-5 °CA, while the
and COV

cyhinder peak pressure is decreased by 10-15 bar. However, the COV are stable

Prax IMEP

in diesel and dual fuel combustion mode.
In gas engine mode, the study is arranged in two parts. The first part investigates the

combustion characteristics of gasoline engine using producer gas as a fuel. The single cylinder



gasoline engine mounting with in-cylinder pressure transducer and shaft encoder is used in the
fcombustion characteristics study. The;, investigation is at various engine speed varying from 1500--
4000 rpm at no-load condition. It is‘found that the cumulative heat release- of the engine using
producer gas as a fuel is higher than that of gasoline mode around 1-3 degree crank angle at the
initial stage. But the heat release tend to be lower than that of gasoline mode at the medium and
v.,‘the last stage. Thus, the combustion duration of producer gas mode 15 longer than that of gasoline
.mode 20-40 degree crank angle. The second part imvestigates the performances and emissions of a
gasoline engine at various compresston ratio (CR) and ignition timing at full throttle and various
load. The CR is varied between 8.5:1 and 15:1. The ignition timing is varied between 10 and
30 °BTDC. It is found that the maximum power of the standard engine using producer gas as a
fuel becomes only 40% of the maximum power of gasoline mode. The power of the engine can be
improved by increasing CR. The maxtmum power is .73 kW at the CR of 8.5:1 and increases to 1
kW at a CR of 15:1. The maximum thermal efficiency is 20.67 at the CR of 8.5:1 and increases to
26.1 at CR of 15:1. The optimum ignition timing found to be retarded at the higher CR due to the
fast combustion rate at high CR. The optimum ignition timing for the CR 8.5:1, 11:1 and 15:1 are
25,20 and 15 "BTDC respectively. The CO and NO_ emission is lower in the case of producer gas

mode comparing to that of the original gasoline mode.
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2.1.6.2 Heart load (B)
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2 ¢
3.1.2 1A5098UA
A et af ) dyd d'i 9 ] :ﬂ:{ oy a
nTossuan 1§ ugtunanedld 3 1w3es 1dun InTessudmsa 4 Savaz qu
- |
! o r k] T
BenuuRaromas Tnsase B¥e Mitsubishi 31 D-800 A4Amil 3.2 5100zBuavonsossus
d’ 4 4 1 s
Aeya Mitsubishi D800 uaealua15199 3.1 wiossuaung lxduildlunsdnyinudnuuzms
W A s o A e a v v M ot a
s luaSossuduna ToBudsoniz 5%e Honda Tu G200 Fanwii 3.3 s1wazmdoaves
- A o = & Sein ¥ o w &
1709817 Honda G200 uaadlun1sned 32 nazmissguan lddmsudnyiausseuzuas
i =y [= A & oY = :.q' ar a; at ) o =
vany (wnsospudund ladu 79192 6¥o Honda Ju GX 160 aaugasluninh 3.4
- i o o 3 ! 3
TTIAIDIAVOUATBIoU Honda GX160 uaadlumistedn 33 wSessuanldnagevudas
¢'{ Yo =S :z, 4 o as ar 9} 1 : ar [~ =4
w30s 1aTumsaaniunsaipaumsiuems sunseaduns auszuhahdunfe lady

o <t dy =N Y
uazniluFomas1d

= 4 oy <En 9
ann 3.2 Lﬂﬁf}\iﬂuﬁﬂl“ﬁﬁﬂi‘ﬂuﬂﬁﬂﬂﬁﬁ}ﬂ

4 o A e o
19190 3.1 S10aZIBEAUBUAT BB UARIYAN 1F I UNISNAT DY

A1 gazoun
Model Mitsubishi D-800
Bore x Stroke 82x 78
No. of cylinder 1

Piston displacement

411 cc.

Maximum output

5.884 kW / 2400 rpm

Maximum torque

25.5 N-m / 1900 rpm

Compression ratio

18:1




d‘. A o 1 Aq 9 .
A 3.3 1ATDIUUA Honda 11 G200 Al Tunisnadou

AITHN 3.2 51BasBUAveNn59IeUs Honda G200 71 ldnagen

N1 Nz
Mode} G200
Type 4-stoke, side valve, Single-cylinder, horizontal shaft
Bore&Siroke 67x56 mm
Displacement 197 cm’
Compression Ratio 6.5:1

Net Power

3.4 kW (4.5HP) at 3,600 rpm

Continuous Rated Power

2.7 kW (3.6HP) at 3600 rpm

Maximum Net Torque

8.2 Nm at 2,500 rpm

P & s o - q al
MWN 3.4 19500UALNE 193U Honda GX160 M 1% lumsnaaouaussous

:
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P =2 A ' g o
A131497 3.3 T1IaL108U0-UATe8Us Honda GX 160 ‘VIGE"}J'V]W;TE’IU

18013 I"L A GCEGE)

Model Honda GX160
Bore x Stroke 68 x 45

| No. of cylinder i

Piston displacement 163 cc.
Maximum output 4.1 kW /3600 rpm
Maximum torque 11 Nm /2500 rpm
Compression ratio 8.5:1

< ot
3.1.2 gUnsaineanI¥ALLIMA (Air-gas mixer)
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o 4 ~ i : Ag @ g
2UnNTAI N M INMALBZFBING (Air-gas mixer) 1 1H luMsnaaeil sonupy

Taed1984MsANUIe9 Anil et al. (2006) Awuaaslugiii 3.5

ManuSuaeinia

Taseasenmely mixer

3 o o
MNN 3.5 qﬂmmmﬁuﬁﬁwnnmmﬁ {Air-gas mixer)

I
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A <3 & o3 9 A o b = 1
AU D [ FUITOTAN T UAZYANVUDLUAIINATDILUR TII10DLIDVAVINADE

Y 3 8 = <
1) gilnsalinesrunaliomIes  (Shaft encoder) Tunind 3.6 1iu
o o A Ay ' AW Ve a e
9Un3 01 IABIFVDUNAIVBIMIIBWD Wachendorff Drehgeber T DWG 58D #1185 Un15fAand
ar T Q [ c‘i o 1 = I'd z:!'. = ey %
AURaIAIN T Ivouasoauauaz lau Tutimes Falanvazdoatunisda 02 eeannal

9/ =5 w o L] A 4 @ oo 1
P Tngdygrummusesszgnde i mSesiudynude 1a

r ¥ o
A 3.6 wme s inoermmarfemdsuarmsaadeiuyanaan

o o o o
2) gunsalinnnudulunssuengy (Pressure transducer) Adueag Ty
P <3} o ar o =) e l
i 3.7 Wuswee§ Iannuanlunszuengu wiia Piezoelectic B%o KISTLER U 6052C
=N =~ Ed n:id ==Y 9 ar = A 9 o @ as
HanvIneanateas Rllsziniasmgs Tsumsnaauniel¥dmiviannusulunszuen
& o ar T W oA e 4 R
gunssssuaduamelu Inomwiz $99wauiia lade 0-250 N5 Sensitivity -20 pC/Bar

4
FRGUNH 115 TR -20-350 DIAUFATOA INBUIFARIVWIN M5X0.5
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: Zo @ s & ! 7
/it 3.7 wuresiannuaulunszuenguuaznisasdslumiessunaiaa -

3) gunsalveredryanal (Charge amplifier) 8o Dewetron 34 DEWE-

30-4 Tunwd 3.8 Wveedyaaameumes Iannuaunsz uengu

o
fﬁm

§§a
&

B
-
&

=4 ¢ o
i 3.8 gilnsalvsedyni

4) 195035 UdngIudona (DAQ-Box) 18 Dewetron luniwil 3.9
= d o e ar a4 {3 W
dhuaiesdudygusmsumei tanuaulunszuonguidumsversduaisnds uaz

9 3w =t : ‘11'1‘ % Y S 2
mﬂigﬁ@ﬂﬁ’llﬂﬁ”l‘ll@lﬁﬂﬂﬁ%”m Shaft encoder LW@aﬂT@%ﬁiﬂﬂUﬂ@hW'ﬁm@ﬁ ﬂ@uhj
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& A e a o
NN 3.9 19T3TUT Y IBYOYR (DAQ-Box)

A = & o at w =8 W - e = o
3 IRTONAUWHADTHIHIULUNNUD U Mwn 3.10 Lﬂuﬁﬂywjiﬂﬂj

LU

=2 gt a

T Ed * 1
flasumsaanalasunsu Dewesoft 6.6 F1lddmSunsuiindoyaniwdulunszuongui

a3

BIFUND MWLM ILIAN )

&

L) 1 ) E1s
A 3,10 19309A0UN IR0 NARAT 1UI1NTY Dewesoft 6.6

3.132 ginsalinesmyaszie
o | & o o A o
alnsolfneamyaszida daanslunmi 3.11 dhuafoediasamya
o oa 1 ) a 3 ¥ T o =Y
2110 1D Ferret 11 88 11190 2 D55iA Feannsnaumanusoutavesmyasziinly

LRIty 1A NeazBeadeyadinizveuniotinesmyasiliauanaluaisail 3.4
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MNN 3.11 AT29IN0IANATIIN Ferret 88

M50 3.4 Toyasumizuouniosinamyasziiia Ferret 88

Scale Range Resolation/Accuracy
Advance (400-500 rpm) To 90 degrees 0.5 degree +1 degree
Tachoteter 400-9990 rpm 10 rpm1%%
Strobe RPM 400-5000 rpm 10 pin£1%
Power Req. 10-16 Volts DC, 1.5 Amp 12 Volt battery

Weights & Dimenions

Leads 1.5 meter
Weight 770 gram
Size : 30x7 cm.

A A ooy e A 4
3133 Lf’]'ﬁﬂ\nLﬂi1$ﬁﬂ1“ﬂ%1ﬂ1€£ﬁﬂlﬁi@ﬁEJUW
A = o at A P a a o
Lﬂﬁﬂﬂ’llﬂﬁ?ﬁ‘}’iﬂ‘]“ﬁﬂ@!'ﬁﬂlﬂﬁf’]\‘lﬁlufﬂ gu HMS5000 Wﬁ@liﬂﬂﬂﬁkﬂﬁ
Infrared industries AauaraslUnInA 3.12 annsodamalods'ld 5 viinfe Hydrocarbons (HC)
Carbon Monoxide (CO) Carbon Dioxide{COJ) Oxygen (O,) tia¥ Nitic Oxide (NOx) TamnTod

P so s o @ =
’;mﬁz'ﬂmm"lmﬁamrmgamm*uzﬂmmﬂumﬁnw 3.5




AN 3.12 w5070 lods HMS000

d'. = kY o A& = Ll 1 =
A1 3.5 T1UDSBUANUNAUAYOUATSIUAT IS HN T I?JLZ‘TEJ HMS5000
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FINTY

ot
TIHAZIDER

Display

Backlit LCD, Graphic 128x64 mm

External Power

10-16 VDC, less than 1A

Internal Power

Rechargeable Lithium-lon Battery Pack

Gases-NDIR HC, CO and CO,
Gases-ElectroChemical cell O, and NOx

Operating Temperature 35°to 110°F

Size 7.57x3.57x2”

Weight Less than 2 ponds

Outputs RS§232, Eight Analog Outputs 0-5 VDC
Probe

Meterial Pistol grip with stainless Steel
Hose Length o~

Requirements BAR 90/97

Insertion Length Up to 277
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c; E=) o =y A o oo = 1
1137140 3.5 518ﬂ$188ﬂﬂ1umﬂuﬂﬂl’ﬂﬂlﬂiﬂ\?’l&ﬂ‘?h‘i?’?ﬂ'}“}]’qﬂlﬂﬂ HMS5000 (¢18)

Gas Ral"_nge Resolution Accuracy
Hydrocarbons (HC) 0-10,000 ppm 10 ppm | +2%
Carbon Monoxide (CO) | 0-10% 0.01% +2%

| Carbon Dioxide (CO,) 0-20% 0.01% +2%
Oxygen (0,) 0-25% - 0.01% +1%
Nitric Oxide (NOx) (-5000 ppm 1 ppm 2%

T ar ‘Qy = :!Bl’ P 3l & oW
3.1.34 ginsaiedasimsduildsudomds HlFlumsiadasims lvaves
g&gl'l &y 3 :’ o = =3 :, @ et cf o o o ’ o
wormavinihiueda Tadu asimiuiwa lunmsnasesiildginsaliauun 3 aszahe a9

P £ a ) 8/ 2) at -4 1 A
uﬁm“lumwm 3.13 “]f\'lﬁ'llf'liﬂ'}ﬂﬁilﬂﬂ!ﬂ'!‘inl”ﬁu'mu]lﬂ 3% A9 5ml, 10 ml HaE 15 ml

o deor o n‘f A dy =
Mmnn 3.13 Qﬂﬂﬁmﬂﬂﬂﬂi'}ﬂ'ﬁﬁu&ﬂ'ﬁ'ﬂ%‘ﬁﬂlwa\i
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3135 lowTuiiwey

=y datg g = 3 1. oy o
TawnTuiimes A ldlunsnadeu Andsegiiomslfiamsoueud
. |
' = o o ar oy = "
(EN4) AnzIAINIsuAIaas yn1Ine1dsguasystil dulau lulimesuny nszuanyuin
( Eddy current dynamometer) W%JBNL!WG'F]’J‘IJ?]N 3:14 EA-10 Haa IaoUT8M Tokyo Meter AT

Tunmd 3.14 Tnglissaz@oasumizasanslumited 3.6 (Tokyo Meter, 1994)

P = s 9
NN 3.14 qﬂuwimmmwmuummmu

A = o a A sl @
A13199 3.6 518@3E@ﬂﬂﬂ"llW"!ﬁi‘"U'ﬂﬂ“];ﬂ’]ﬂﬁ'?Ji§ﬂu$lﬂiﬂﬂﬁluﬂﬂﬂlﬂf‘ﬂﬁﬁﬂﬂ

TENT 31?]'613!%?](5]
Mode} : EA-10
Max. absorbing horse power 10 PS8
Max shaft rotational speed 5000 rpm
Arm length 238.9 mm
Rotational speed indicator Mode] AC-951-21, ASAHI KEIKI CO., LTD
Torque mndicator ’ ‘l\}lodel TDW &, Tokyo Meter Co., Ltd.
Load cell rated capacity 20 kef
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WA 2x2x2 FERAIAT 04 3x3x3 Wudiuas dsaaslunmi 3.15 1 DuFomas lumsneasei

SA 9 5 A o oy W oo Py = 1 [ e

iaenldow e dosduilynniniudunaznsauauanuiu frzdiwanoquauiaves
@ Aq @ ' ¢ o ' o Sl o :

Mol lunisneans aesndszneumisuazaianuiounldonnisdeasrsaaniu

o - a:; o c:; Y =} = ar =l =1 cd'
ﬁﬂ\iﬂ!ﬂﬂﬂﬂﬁ NEUBITYIBIYATUBIN IR MWT?VIEJ'!'EIfJEﬂﬂIHTﬁEJfISuTE TGRS ER Y 3.7

v

c‘[ [ Yadq gX
awn 3.15 o1 15015 lumsnaang

a - 7 o e A0 P o
113197 3.7 'ﬂ\?ﬂﬂi&’ﬂ@ﬂﬂ?“ﬁ"]ﬂﬂ')ﬂﬂ lﬂﬁﬂﬂﬂ"ﬁ?mﬁ‘lxﬁ

Gas Percent by volume
co 27-323%
H, 32-42%
CH, 0%
o, | 0.04%
Calorific value 42— 4.6 MI/Nm’
AFg ., 0.85
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3.3 aramaalslumsnaaoaazn1sATHIN

w " P 3 I‘l @ <:iy 9t T A i =3
ﬂ'ﬂl!ﬂiﬂTQ G MARYIVDINURTIINADDIY "lﬂtlﬂ AITSIAIDIYUAN ATTHILTITQU
A ) cﬂy s ode Y ow ar - o =
(AI03uUa Ilill'iml,‘lﬁﬂlwa\?‘ﬂﬂhf @ﬂj'lﬂ'l'iuh’fﬁ%'ﬂqa"lﬂ’lﬁ @@Iﬁ']ﬂ’lﬁulﬂﬁslla\‘lﬂwb' 1J§ll_lil!l1@!,ﬁﬂ
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uazguynliga q Felinsazdealumsiauazdimadadl
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331 MYIMNIEE AN UNET AV AT U

c? e ¥ z:ﬁ ld EL L R ns.a’ ]
Tumisnaaeil 1d3amniszvounsowud Inold Tnaawad Fandang luya
[ A s F e ar 1 =] P=) ar 1

TaaussouznGotaud FUNNagegaiula 20 kef uaziinnuaziBoalumsufue 0.1 kef

=) st o uazl o ¢ A 3 G e

Tasuuveslan Tudimeiianuen 238.9 mm daiiu annsadunesnildvinmsin A

Aun13A 3.1)
T=0.2389 X W X 9.81(Nm) (3.1)

8 »
Tag WA ihmuninaaseu Ivaasad
w o A ¢ w ) oo o "o 3
N15IAAIITITOVVDAUAT DI8UA I0 lag 1 Firiinsos 1an 15150 uNAAf
at 2 4 3 ] o yen e 1 ot oy
Aumatwes law luiimes uazammonniouaainadtnoa laougaanaiusoudoutd i
aNuazBealumsuanina 1 5oUAUIN
a+ a ' =4 § a 1 o [
HH4917IARIAING IT0 VLA NDT NYBUAS BIUALAT 1T IR IE e

AU IV UATOI0UA [HAITuIITR (3.2) LIS IWINHIAT BMEP Muaunish (2.22)

27tnT

P== (kW) (3.2)
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. o 3 &
Tag " P fio Mdsu9UATOIEUA (W)
- o A &
n 18 AT ITOUVDUATOINUA (rpm)
A o A &
T A8 NOTNUDUATOIYUS (Nm)
332 msmeanmsaunlasaremiag
. L AT A P e oa womy
a3 1Msawla il Fomas naiiudsanasiyuuda lvay Ja'ld
a2 E 3 )
Taems Tginsal famsdunldeniniudenidsriia 3 nsznhe Taolduimivuandsne

3 ég} P ot Aw a4 & as qy =4 c&gl/ ay o =
19 M P 0INES 15 co gmzmmmﬂ"lﬂulﬂmmmm@mmﬁﬁmﬂammmwaq AITHNITA (3.3)
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: me
Fu@lal consumption = ——{1/s) (3.3
: t

. A o g & uy Y g =
Tag  Fuel consumption fiv 8515 Fuldsniiudomas (itre/s)
¢ A Py ay o ﬁs.J o A st
mf fo USuaihiuyeman 14 (itre)
A o 9
t fio na1nia la
w e o = 97 o ow ]
myiadasing lvavesnstia ldgunseiindasins Inanvuusdues
=y = o W 5 Qs [ [=f =%
3# (Orifice plate) azuueiimes awwaslunni 3.16 TaoTadeenuuilulsnaanugs
kY 3 ¥
uananveni Dnhedly Jafwasvonit hane1d ldumamsens 135 avee1me

Taoldeunish 3.4

m=CA,/20(P P ) (3.4)

ar ¥ =1
Tog  m A9 9n31n1s IMaveamad i (e/s)
&
C fo mdusednimslvavesans il
-3 ::.’;’ c:': Y ar ey
A fo fiunidavoizeaivy

£ e anuvuIuLNYesneFula (kg/m’)

(p,p,) 0 AIANAUANATDULAUBDT RS (kg/m)

MW 3.16 vrueIHwuazUeIne I N 1FE MU TasaT 1T InaveaR w3178
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@ o 9t A o 3 o wr
n131AdasIn1s Inavesomaduaseseua 1dgUnsalfadnsims nauvy
. c.aj ‘ar 1 B o ar 1
HHUODI Y (Orifice plate) NAAAINUNAOIAN (Air box) YUIN 95 Gas Aaaaalumnd 3.17
T ! 0 3 '
ar 1 1) L 3 o 2% v =1 o e a a =
TasFameonuuiuliunaanugduanaievenh dmitedlu fadwasvoni dhaneld

Tddmandasims InavesenmealaelFaunish (3.5) (Tokyo Meter, 1994)

Tc 2
Gs=0*E—d" \f2¢Y (p,p,) (3.5)
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Tas Gs Ao sasms Imardeanlaveseme (kefs)
&

o Ao Fuszdnims Iva §1151 Round nozze He1 0.822

= T oA = Q{o @ af a ar of ’
£ Ao mdwdszansdwmiuvesvaidnd 14
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d Ao idurmgudinaremeluveusiusssiley (m)

= 1 1 d‘ 9t ] a4 2
g Ae maasutesnnuseIua e Tan a1 9.81 m/s

¥ -4
v, Ao anhmindumnzaeds imaiy (kg/m’)

(p,-p,) fB AAIWAUANATDUUAUDDI W (kg/m)

i o @ W Ak 3 4
MNA 3,17 Air box 1ag Orifice plate 11513A8A5175 IMave1omednnToous
o :' C | . . R A e 4 oo
ATINTNALNUE I URIYA (Diesel saving ratio) a9 UTuaTosnaznfie
- v o o i | o ' a B ¥
FHIaEWITONALNLMNS IFhTuRera lanhiszuaza o mnny asasnna 1dein

AUNTH (3.6)




71

| m -m_
Diesel saving ratio =————— X100 (3.6)
m ,
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= =1 S Qr  at A 3 ;’ CP A | 1

Tag m, uas m AudSnemsiaihiufradiolflugluuhiudimasdi
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AUNIN 3.7 A9Tl

d 1 dp dv
R L P AN (3.7)

dem’}’—l @@ y—1 40

Tan
Q = msdaesanuieugni ()
Y = dandmvowmnuiousume /) uazlunsinsizions
' Y a2 ] 1 3
astlaseanuiouveunIessuARIre $19UBIAT Y Mnuzay
3
921101 1.3-1.35 (Heywood, 1988)
p = anuaulunszuengy (Pa)
) |

v = 15unasnizuengu (m)
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BMEP Wi, diesci Wy, . ol Diesel saving
(kPa) (kg/h) (kg/h) (%0)
0.00 0.23 5.94 0.15 1.47 32.33
71.62 0.27 5.02 0.16 1.31 40.34
143.24 0.32 4.15 0.17 1.29 " 48.56
214.86 0.36 3.63 0.17 1.25 52.99
286.48 0.43 3.08 0.17 1.22 60.22
358.10 0.48 2.71 0.18 1.20 62.45
429.72 0.55 240 0.18 1.18 66.80
501.34 0.61 2.14 0.18 1.11 71.15
572.96 0.68 1.92 0.41 1.07 39.82
644.58 0.77 1.70 0.58 1.10 24.05
716.20 0.94 1.37 0.83 1.17 10.91
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(deg CA) | (deg CA) duration (deg CA) | (deg CA) duration
1,500 -17 45.9 62.9 -20.7 793 100
2,000 -17.4 56.2 736 -21.3 76.1 97.4
2,500 -18.5 57.8 76.3 -20.8 80.9 101.7
3,000 ~18.6 58.1 76.7 -21.5 79.9 101.4
3,500 -193 59 783 224 79 101.4
4,000 -18.3 66 24.3 -21 83.1 104.1
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Brake Thermal
Speed Load v Torque Power : BSEC
A Efficiency
(rpm) (kg (%) (Nm) (kW) (MLI/KWh)
(%)
3000 2.5 79.51 1.17 5.86 1.84 19.35 18.60
2500 3 86.08 1.23 7.03 1.84 22.60 15.93
2000 34 91.85 1.18 7.97 1.67 22.96 15.68
1500 3 0393 1.25 7.03 1.10 21.04 17.11
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Speed Leoad CO CcO2 02 NON
(rpm) (kgf) (%) (%) (%e) (ppm)
3000 2.5 1.64 12.19 5.81 762
2500 3 1.88 12.56 5.76 1035
2000 34 2.86 12.78 4.63 1292
1500 3 3.61 12.98 471 1947
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Max. Max Max
IGN, BSEC
A Brake Power | Efficiency Torque efficiency
(°BTDC) (kJ/KW h)
: (kW) (%) (Nm) (%)
CR 8.5:1
10 0.93 0.65 15.71 3.750 73.03 24.35
15 0.93 0.68 16.76 4.218 71.21 21.47
20 1.00 0.68 1936 4218 69.10 19.69
25 1.00 0.73 20.67 4.687 71.90 17.89
30 1.05 0.64 17.23 3.750 70.52 21.92
CR 11:1
10 0.96 0.75 19.07 4.218 68.92 19.04
15 0.97 0.75 19.45 4218 67.85 19.59
20 0.95 0.86 23.80 5.156 67.02 15.20
25 0.95 0.80 21.73 4.687 66.79 16.57
30 0.84 0.64 15.45 3.750 71.37 23.58
CR 151
10 1.02 0.96 26.10 5.859 71.80 13.93
15 1.05 1.00 26.02 5.859 74.53 14.28
20 0.94 1.00 25.74 5.859 70.04 13.99
25 0.85 0.81 21.86 4.687 66.38 1647
30 .79 0.74 16.88 4218 71.37 21.33
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