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An Empirical Study of Performance and Emission Characteristics in a

Natural Gas Engine with Various Compression Ratios

Peeteenut Triwong """ and Chedthawut Poompipatpong "

Abstract

This research is a part of alternative fuel studies which responses to the current energy and environment
crisis. The experiment was aimed to compare the performance between an original diesel engine and a natural gas
dedicated diesel engine with various compression ratios of 9.0, 9.5, 10.0 and 10.5 to 1. A Daedong 4A220 4-stroke
4-cylinder 2,197 cc was chosen as the tested engine. The results showed that the natural gas engine produced higher
torque and power than that of diesel engine up to 13.07% at 2,600 rpm. Natural gas engine also showed advantages
in term of thermal efficiency and specific fuel consumption which are 10.03% and 36.75% respectively. In addition,
NO_ emission increases as the compression ratio increases to 10.5:1. Then NO,_ emission begins to decrease when
the compression ratio increases. The compression ratio significantly affects the hydrocarbon emission

concentration while it does not show any relation with the carbon monoxide emission.

Keywords : Diesel Engine, Natural Gas Engine, Compression Ratio, Performance, Emissions

] Department of Power Engineering Technology, College of Industrial Technology, King Mongkut’s University of Technology North Bangkok
* Automotive Eco-Energy and Industrial Product Standard Research Center, Science and Technology Research Institute, King Mongkut’s
University of Technology North Bangkok

’ Corresponding author, E-mail: peeteenut@windowslive.com Received 13 August 2013, Accepted 11 March 2014



UNANNINY

NsensInmama TuTadgaavngsn UM 10 a1 2 ngumaw - Favan 2557

The Journal of Industrial Technology, Vol. 10, No. 2 May — August 2014

o
1. UM
ANUIYNIINA Ty TaalkanIzNudoN ALY
aa Y o Y o I ]
¥Ia M3 l¥ninernsuazns lsnasuluediauin
o A a 2 ] o
TagwasaunounnsiauuszyIngounulynl
2 v o =
yanzawInaey luraltelszmanilansiugg
v YA 2
Uszme lne anudesmsfsuanFomasdisaiiuga
A ' '
AIUFDINAIFLADU WINOUIHLDINIINNIANT
[ a 9 A =) =}
vuadunsizlasdnaudlinsesouanisall
A a ' 4 g ao
Usz@nTanganiunsesouaunda Tadu 11u3s
2L vy v - -
naeru laneneuaaanudesmsuazlsanany
dy a A v %‘ CY =
vousonasawalaon1suanduigululedisa
A (R~ j‘ a A Y
MIDIBNIUDA UANAIVITANAUNUIFOINA I |4
= Y = 1 ?{,
Measeuadosas 5 9920 (19U [1-4]
9 [ J =® I v o Yy
AruvgraninaIudunmsuananlinis
a A = =}
TITNYIA (natural gas) MTONIFUINY (CH,) WA
1 4 @ [ a g
TaaauTluanianmsaldfaguiy Masssuaau
dy A Aa J 9 o A 1 k2 .
FOINAINUIIAIADUY AT WA INTOU (heating
' o Aq Y V. ' y
value) ogluszaunldnnldanaziiaieenmuiga

A 2 A g
wn @z 120) 91315y w53 surIAeu

] ]
o =

g a A Aa 14
L‘HﬂlWﬂﬂV\lﬂﬁ“ﬁﬁﬂMﬁ'«]uﬂﬁgﬂﬂﬂﬂlﬂﬂﬂ"liﬂﬂuﬁ"l‘ﬂq@
. Iy a
(low-carbon fossil fuel) M3 1FMETITUFANINALNY
9 4 a I~ a [l 9
mslayemasaadluiuaarirtaulavinludiu
o a
LﬁiHﬂﬁ?ﬁ@liLLﬁgﬁﬁlnﬂé,ﬂﬂJ
~ = Ao o L A o
UNITANHIIVYITUIUNUINNINITINAADA
=) = 1 I - .
isuMeuszriesnsuaaisa (original diesel
. o/ A o P a
Vehlcle) LASIDYUAALBAN ﬂllﬂaﬂlﬂiﬂ)’ﬂ'l“]fﬁiﬁﬂ"]ﬂﬁ
(natural gas dedicated diesel vehicle) ¥4 Total
. Y= 1 a
Environment Centre Inc. llﬂﬁﬂ‘]sﬂﬂﬁﬂﬁﬁ]&lllawﬂﬂlﬁ]ﬁ
1 a =4 <3 9 [l
ngusalasarslugatidlasnudoyaluniiog

AlanSuaen lawas (kgkm) Lagwu1so laga1sn

9 Lil a (24 a 1 a
ld1¥otnaan1¥sssuy1nansuany
o < . <
M5 uauNaUen l4a (Carbon Monoxide; CO), 890 h@
voa lulasu (Oxides of Nitrogen; NO ) Lagayn1f
' . v ' g ¥
131 (Particulate Matter; PM) 19803150 Iaga15N 1%
A 9
armasaa tazuIted ldnunmsaauanena 3
a d’l = o J 9 Y
FHANINEY 1 AuvzavIsnana lg918a1ugunIn
1 (4 [
(health saving) 18111 240,000 AT ANIT [5]

o v

{ a o 9o 4 o
Tuyazi V580 D30 5110 [6] TaaanlaunToeud
a A vy a v
ALFAVUUIA 6,600 cc INDIFNIFFTTUBIA A

= aw o Yo o A S
NTEUIUMSTANBIIVEN 1P 1a3vUe AT R I8 UAN Y

A4 2 A I

FITUMANNVUIINAToeUAALFALTE U 5% Tag

a I'd I'4 o o
vaiiy lalasamsueu miveuueuuen lua aon lad
volulasiou uazeymamiiiniuanasne 65, 70,
85 11ag 100% AINA1AL

' : 9. Y ' o o
Tudnarmnilaldiaudsenuiimdninaauaq
A S v Yo o a v A

mosuanyaliu lEnUNIBEITUBIAUAINANEY
Nae9 FUATINDIOATIANNA UL a0 UFoINGS (fuel

. 2 2 ' v g Yo o Ao
consumption) quqwuuﬂﬂauiwmammm [7,8]
= ao . v PR
F991UITHUDI Semin  uazame Idauanuy 1391

0 o L2 A oq Yo o o & o
aungdngyrianmdmasmasiumszanuau

9 9
malusieasn ludanaa [9]

= 2 o 9 Y ¥
‘ﬁmsgwm’nmum&ﬂuwmmﬂmmmu'lﬂ

D

Fanuilgano N15INNOATIAIUNITOA (compression
. . v y s
ratio) %4 Bakar [10] lanaaeuiif3eumieunsossud
a Aq ¥ o A o © a A =
quideInlguna TaaufunssssuaieAny,
A A Yaw yy (4
aussouzuazilsuauany gIveldlasunilas
o ' o 4 S a '
ATIAIUNTOAVDAUATOIIUANIFTITUYIATHAI
9.0, 10.0, 11.0 4@z 12.0 A8 1 LAZTWUIBATIAIUNIT

@

' Y '
ﬂﬁﬁ\iﬁuE‘T"Ill15ﬂ!Will]‘i%ﬁVl‘ﬁﬂ"lWLLﬁgﬁMiiﬂugﬂlﬂﬂ

EY

4 4 1 a o
1A3098UA 1@ 1A UITEUD9 Maher [11] 1@fANHN



UNANNINY

NsensInmama TuTadgaavngsn UM 10 a1 2 ngumaw - Favan 2557

The Journal of Industrial Technology, Vol. 10, No. 2 May — August 2014

[} @ '

HANTENUUBIOATIAIUNITOALAZHUINOATITIU

o A o YR o = A &
ﬂ1§E]ﬂ‘Vl‘Vl"IclT‘illﬂ"lﬁﬂﬁﬂ‘Vlﬁﬂi]‘Sﬁﬂgﬂﬂ"l‘ﬁu\1 nin

K1 a

1 @

o \ 4 X ' g . o a a

ammaummuﬂmmﬁ mamasﬂssﬁmmwwa
9 A o o 2 A

ﬂ’ﬂMiﬂulﬂiﬂﬁﬂuﬁ%%ﬁﬂﬁ%mgE]Gli"lﬂ’«]"lllﬁi!ﬂjﬁﬂﬂ

A a 4 2 o g ¥
LBDINAIVSLNUUU 'ﬂ‘l!L“]Jua"llﬁ@!ll"li]"lﬂﬂ"lﬁm"lllﬁllﬂ

lsitade5 (unstable combustion) MIANHITINVDAI

A § o \ o A X
gaungivedleiderzanaaiiosasidumssamuiy
A o [l @ o <
MI1EMINNEAT1aUMIoan IiauE I TN
v X A By ) &
Tudgavu namdedlslumsw ludsalesauiy
wiqTigamgii leideannssie

nndoyan1eq aanainilinsiuainisiiy

'
a a

OATITIUMTOATINITOLNULTITALAY

@

1

Do
Lo

3N

13 ]

U
A I ¥ A o v A & Y
Lﬂiﬂﬁﬂu@lqﬂuﬂﬂuﬂlﬂﬂ1ﬂﬂE]§l“Vlﬂ1‘] NUINA

=h.

GF
o = = v 1o Y a A
miladanmaw vl ms i ldifamsyaszidaes
A a 9 1 Q3 A 3
youramaazae liitlumsiuaugy (pumping
y s o a o
work) wounsessudIuildaiugniaadias
= Y ' o A =2
MIANYINARBINIAIEATIAIUMIOANNIZ AT
o & ' ao X A I =
anududuegiann luauideil inTeseudairady
o 4 Yo a o 14
gnaaudauieldmasssumna Taslitaglszasn
A = J ¥¥ o o
menfTsumevanssauzszniams lnhdudma
[2) a = =2
nazmasssuana saulufamsdnuinansznuves
o v o A o Y 2" a o
8M318IUN1IBANBENTZAUNT 1FAHDINAINY

aq Yq ¥ Y <3 o
5330a 1 15 ldedrauaudnenin

A ¢
2. MINAADUVIATOIBUA
A s2q v a0 X g A I
n3eseuan 1¥luanuiteiituniessudaiya
Daedong 4A220A-S1 #eiis1vazideansuaalu

9
a o

~ A s v A
ATN 1 msmﬂumwwﬁaﬂmnmmuumsm

£

o w 4 %
NAFOUAGUATOIUA Hwanwoong Eddy Current

9 Y A a d-J =
Dynamometer #30ua281AT09AT I lo1de
Horiba Mexa 9100 DEGR
A g9 91,3 Aa a 1
MINAFIVINAUDINAT IFFoIna sty Uyl
3 ' = A Y
AMNITITOVTLHIN 1,600 rpm DY 2,600 rpm Lo 14
3 9 Yy a a o w
Wudoyad199e Tasusatiaman (brake torque) Na4
v Fa
1Na1 (brake power) A5 1ANNAUIUADUFDING S
o a =) a 9
TUNIE (SFO) tazlse@ninimsaniiuson (n,)
=2 |a ~ & a P ao A9 v
sapSunavanyilumsiimesnaulvei 14
anuaule
H A ¢ o vq Yo a
iy asessudgnaauasldlemasssuma
{ g A v
Tasmalasuiuszuuyaszdaunuldlsznie 1
. oy ' dy a I~
(spark ignition) uazszuumMsNeFoINaudusEUY

9 . . Yo o A X
AAN1Y (fumigation system) Tﬂﬂ”lmﬂmgﬂgmwmu

1
~

90 4 ganloas1auMsoAA1enUAD 9.0,9.5, 10.0
' = A 9 &2 4 ] &
uag 10.5 9 1 NITNATDUIUTUAUVIUDNATINUN
] < J Y
119%239R21353521314 1,200 rpm D4 4,000 rpm A28
A a W a ae & o yyw o
LBDENAINE DI TN Iﬂﬂﬂ'li')i]ﬂuullﬂﬂallﬂllﬂﬁ§1
\ v X a v
ﬁ'JuWﬁllﬂ1ﬂ1ﬁ@lﬂl°]fﬂl1/‘lﬁﬂﬁlllluﬁllﬂﬂ1 AADANIT
NAAOU (stoichiometric air-fuel ratio) Tagautinves

k4 9 '
womasnsdesriagnuanal3luaisien 2 uaz 3

a ] 0 A I q U
M1319N 1 Gllﬂll“ﬁi]"lﬁl‘l"lgﬂlﬂﬂlﬂﬁﬂﬂﬂuﬁﬂi"h’iuﬂ"ﬁ

G R
Item Engine
Model Daedong 4A220A-S1
Type 4-cylinder, 4-stroke diesel
Displacement 2,197 cc.
Bore (mm.) 87
Stroke (mm.) 92.4

Compression 22.0




UNANNINY

NsensInmama TuTadgaavngsn UM 10 a1 2 ngumaw - Favan 2557

The Journal of Industrial Technology, Vol. 10, No. 2 May — August 2014

= wa g aa 4
AN 2 ?fll'UGl‘U@QL"]fE]lWﬁ\iﬂ!ﬁlfﬁﬂal"lﬂuﬂﬁﬂﬂﬁﬂﬂ

Fuel Diesel
Density at 15°C 0.8504
Specific Gravity 0.509

Heating Value 45,560 kJ/kg

a wa @ ad
A139N 3 ﬁuﬂﬁm@ﬁﬂj“ﬁﬁiﬁﬂwﬂlﬂﬂiﬁfﬂuﬂﬁﬁ"Vlﬂﬁ@‘ﬂ

Fuel Natural Gas
Octane Number 121.9
54,499.7946 kJ/kg

Heating Value 3
44,169.5633 kJ/m

CH 90.09%

4

Main Component C,H, 6.04%

CH,  254%

3. Wamsnaaoy
' 4 < aa
HANIINATOUNUINUATOUAN LTI TNWIA
a o v J A I ]
usaauazMaIgInINATesuUAAIYa IuNNYI
3 oA 4 I a
ANI52501 TALANRABVDUATRIEUANIYFITUYIA
= a o_ v ' A I
vziiusadanazmaigeninasesuaaallszuiu
5.67% 1 1,600 rpm UaziNugan 13.07% ¥ 2,600
o A g '
rpm asuaadlugdi 1 vaz 2 Taeluwaniinal
Y [ ~ X a A =
AIINTOUVBINIBNGININFOINAIAIHADT 19%
o ' &) ad
Y5enNoUAUMINANTZHINOINMALAZMYTTTHNAN
< & o o o , :
tanuiwilemerdugesmirllgnism i

@

o ' A o a r’a
ﬁllﬂvimll"lﬂﬂ'«]"l LlﬁgLllﬂu"IWﬁUlﬂ'«]Lﬂi"lgﬁi'«]llﬂﬂ

]
=

a A a 91 ' A s
Pswanvomasngnldllvznuinasossudime
pssusIaNdsgd@ninimFaaniudeugania

4 % 9 Y
I3 0BUAALEAYTENIA 10.03% tazide ldnfTeu
Y o 2 A A A o = o
AUBATINNNA U A0 UFDINAITUNIZDI 36.75% A4

naaslugiln 3 uas 4

145

135 M
e 3TN
\ Tw WY
_ 125 LS
S) ‘I\‘ Y
< 15 N
b N R
El N
EA X
= N
k] 105 -
o -#-CR9.0:1 =+ CR9.5:1 \\
S 95 b
i) . A
——CR10.0:1 -+-CR10.5:1 Ay
85 *
—a—Diesel CR 22.0:1
75 T T T T T T
1000 1500 2000 2500 3000 3500 4000
Engine Speed (rpm)
z!' = a A 4
31]7] 1 L’leiﬂULﬂﬂUlLiﬁHﬂﬂJﬂﬂLﬂiﬂﬁﬂuﬁ
55
50 .m -

= s

45

-#=CR9.0:1
40

=+ =CR9.5:1
35

—+—CR10.0:1

Brake Power (Ps)

30
--e--CR10.5:1
25

s Diesel CR 22.0:1

20 T T T T T T
1000 1500 2000 2500 3000 3500 4000
Engine Speed (rpm)

! o 4 ¢
51 2 uSsuiisuiidvouniesoud

Wﬁﬂ§$Vlﬂallﬂﬂé’@li"I'ﬁl"«]uﬂ"liﬂwﬂ@iﬂﬁlliiﬂuz
A ¢ A& g o 1 a
VDNATDIYUR muﬁmiugﬂ‘w 5 mdum‘;mmma&
' 3 { o
ﬁﬁﬂﬂ%"«]ﬂﬂ'«]"lllli'Jiﬂﬂﬁﬂﬂﬁﬂﬂll1u1lﬁuﬂ
=} [ a 4 - 1 o
Llﬁﬂﬂlﬂﬂﬂﬂu NANITAUATIEHNUINOATITIUNITOA
A I ad A X ) A
"’U'ElﬁmiﬂﬂﬂuGlﬂ"l“lf‘fli5%%1§lﬂlwnﬂluﬁﬂwa1ﬁlﬁﬂﬂﬂ
o o A X =2 o ' o A A
UAZNMAUNNVYUIUDIDATIFAIUNITOAN 10:1 LUD
o \ o A X g a
ﬂmm’mmiﬂmwnmmﬂu 10.5:1 w33uauey

'
a

A s R SY '
IATDIYUALTUAADN u,azﬂmmmUlmumammau

- A J a ) ~
miﬂmwmmmmﬁummiE)d&lumzmm’ﬂumN“Vl

, <
LAZANaNBYNITIALT



UNANNINY

NsensInmama TuTadgaavngsn UM 10 a1 2 ngumaw - Favan 2557

The Journal of Industrial Technology, Vol. 10, No. 2 May — August 2014

300

-a-CR9.0:1

280
=—+=CR9.5:1
260 -

—+—CR 10.0:1
240

--e--CR 10.5:1
220

—a—Diesel CR 22.0:1

SFC (g/kWh)

200

-t
FEr 13 -
180 - —— ;i

R = e = = - - = O -
160 S

140

120
1000 1500 2000 2500 3000 3500 4000
Engine Speed (rpm)

! Y k4
31 3 nffsuifisuanuaunlfeuremasiume

44

b

w
®

g
=
2
8 35
°
&=
o -a-CR9.0:1
g 32
£ .,-—-—\ =t =CR9.5:1
S —+—CR 10,01

29

--e--CR10.5:1
55 s Diesel CR 22.0:1
1000 1500 2000 2500 3000 3500 4000

Engine Speed (rpm)

1 A A A )
3 4 nSsuieulssansamganuiou

A & o ' A A a
317 6 Wumsrduaueaunagveslszansan

A 9 2 A ° oA o
RANUTBULAzANNTW AR T UM RAsIN U1

{ a PR L o o
N5 WIF1UASNIA0IUAIUIVUNIINAIAIVD

A % a A a A %
Lﬂﬁ'ﬂ\iﬂuﬁl!agﬂill']mﬂ’ﬁlﬁlfﬂlWﬂ\jﬁuﬂ\uﬂi'ﬂ\jﬂuﬁ Iﬂﬂ

= @

a PR o
WHHJLG]E)TVN?(ENH1Lﬁuﬂﬂgl}ﬂll“amﬂaﬂu1u1411116@

Yy o o & = g Y1 Ao \ o
AINVIUNU ANUU iNL“I"i‘Ll"lﬂ'J']VI ATITIUNITOA 9.5:1

a

4 I a = =
Lﬂiﬂﬂﬂuﬁuﬂi%ﬁﬂﬁﬂﬁﬁlﬁﬂ‘ﬂq@ Tuvgnniu

K1

2 A o A o oA
Auilaeadumizumsinga

Q

1 a

Hanisnaaouaduaad Uzl 7 nudwaiy

A X o ' o a4 4 X '
szian NOX waﬁummmﬁmumsaﬂﬁmmu 159}

Re
&Q

Y=Y Y A o ' v A
ﬂﬁlllll!,u'JI‘Hllﬁﬂﬁﬂlllﬂﬂﬁi"Iﬁ'Juﬂ"liﬂﬂLWllalluLﬂu

2 "o ad @
10.5 “BQLLGIﬂG]Nﬂ’UVI"I\ﬂ/IE]H@]VHJSlJ"Im NO, n333%¢

A X VoA \ < A A
INUUUBYINADIUDI E]EJNUliﬂV’]"IlJ LUDNITTUINAUD

]
=

a A 4 a da EA
usaianeesudanglin 5 Az lan A
8031eIUMIe9 10.5 usedauazTinamaiy NO_ i

Y 9y o Y a @ '
Lluﬁiullﬁﬁﬁﬂllﬂﬂ’«]ﬂﬂu UASDINITTUINAAINATT

]
A o

o ao . Y o 1Y
NUNIUIVYUDN Takagaki [12] IeWUVDAUNANTI1ATY
Ao mﬂﬁmﬁwaﬁauimﬁmuﬂmm@mzn’jﬂiﬁ’
{ L a A X
AN (fixed spark timing) USum NO, LINVIUAWY
) ' o a4 A X 1Y o
BNIIFEIUMTOATINNAIY uAD1v1N1sSNAdeU lay
o 4 A 4 Y Y A

ﬂsmﬂﬁﬂumm@ﬂszmmﬁa“lw"lﬂﬂmsamqaq&]

. a 402
(maximum brake torque) STEFURLY NO, CEIATEVTATA R,

' ' R 3 amAq Y
¥rausnuazanadlumaiaen ¥uiulsnleslu

au X 3 Ao Y o
JIUADYUIUNUIINANTTIVYTDAAADINU

13.0 420
1238 415
~ 126 41.0
£ o
2124 405 @
o ]
§.12.2 400 2
5 o
'S 12.0 395 g
2 o
3 118 390 ¢
2 2
116 385
—o— Average Torque =O—Average Power
114 38.0
11.2 375
85 9 95 10 105 11

Compression Ratio

1]
@

310 5 usadianazMaunfefionsaumsenie

IS
o

185

T 40 —e 180
~ — _
c

8 35 175§
b )
T 30 170 &
£ 7]
@ @
= i=23
925 165 5
g 2
(3

Z20 160

—o— Average Thermal Efficiency =O==Average SFC

o
o
a

85 9 95 10 105 1"
Compression Ratio

4
Y

517 6 Manuaulasasumizuazlszansawirs

u

1]
@

ANV OUIRAINENI A IUMIOANI



UNANNINY

NsensInmama TuTadgaavngsn UM 10 a1 2 ngumaw - Favan 2557

The Journal of Industrial Technology, Vol. 10, No. 2 May — August 2014

2500

2250

2000

1750 -

NOX (ppm)
Noa
a (=}
o o

1000

——CR=9 -+~CR=95

750

-«-CR=10 - CR=105

500 T T T T T T
1000 1400 1800 2200 2600 3000 3400 3800 4200
Engine Speed

310 7 53 No_ Neasadumsdadieg

1450
—+—CR=9 —+CR=95
1250
-4-CR=10 - CR=105
1050
€
S
2850
9]
&
650
0 \’\\.\’
250

1000 1400 1800 2200 2600 3000 3400 3800 4200
Engine Speed

310 8 151a THC Ngasiaumagaieg

——CR=9 -+CR=95
16
-+-CR=10 - CR=105
1.4 {
12 4 AL e
3 1 L \ —— i
o/ Ko7
R 0\ S,/
< 08 L&
b { N I K
© o6 o; R ‘Z\\ o /:I
4 P N\ A
04 =
0.2

0 T T T T T 1
1000 1400 1800 2200 2600 3000 3400 3800 4200
Engine Speed

31 9 151 co Adadmmsdaie

) ' o a4 A & Y |a A
oasigIunIsoamnuvuiIRlSuavany
A X A o \ A da 1 qa
THC i3UUIH 0991085 1@ U N UNRIa0dT U195
(surface to volume ratio) tazd@aaIMYDIUSUIAT U
' . A 2 o
¥OIULAY (crevice volume) (WHUU dATIUVYDI THC

i laignwn TR aiinauaiu lde [13-15]

Y o A a ~ A 3
ﬂlﬂﬁﬂlﬂﬁlwulﬁniugﬂﬂ 8 1D ATNLTITOUUD

dewudiigeturizilfdunaunoludoun
Tudfianmiiederfuge nrswn Indfs el
W THC Tnledoandasedadanu [16, 17]
luvaiziinanamsnaaoulugii o lianse
pBu1eANNFURUTIzHINGaTIdIunIToANAY
Bnawadis co 1fededanu Famamgui’ld
gudunsasidiumson ludwwansznuaolSuia
vaity co [13, 151 ead19lsAmuy §iveldny
amudniuiiiAaIusz e co fu NO, 1
slnvumanlasundasves co fu No_ i
nuasatuiuegluaasatienamiiveanna

sandiumsoanaaaslugilin 10 Dagili 13

1800 ; 2
; T
1600 -
‘ M 3\;\ r 16
1400 L ia
| \;,,O"O, O :
‘ AV 12
1200 AV _
g \NYJ\ | | g
21000 \ | 2
X d Lo R
o (@)
Z 800 06 O
b o4
500 !
=o=NOX (ppm) =-=CO % (vol.) roz
400 g

800 1200 1600 2000 2400 2800 3200 3500 4000 4400
Engine Speed (rpm)

317 10 151 NO_ag CO Nigasraumssa 9:1

2200 B — 18
2000 - =0 a8
3\ /\ D B
1800 4 L(
O=~C N)_( T F12
1600 L1 =
£ 3
E1a00 r 08 %
) $
o) / 06 Q
Z1200 Y O
! | 04
1000 . . 02
=C=NOX (ppm) =B=CO % (vol.)
800 r 0

800 1200 1600 2000 2400 2800 3200 3600 4000 4400
Engine Speed (rpm)

310 11 1508 NO_uaz O idasaIumsen 9.5:1

u



UNANNINY

NsensInmama TuTadgaavngsn UM 10 a1 2 ngumaw - Favan 2557

The Journal of Industrial Technology, Vol. 10, No. 2 May — August 2014

2300 i~ 2
H1e
2100
4 K 16
1600 L2 / v
iy / \)__(f" !
1700 A, (. 1.2
£ 1 €
Q 2
24500 / / <
SOEEN
e ) 8
2 1
1300 il r 06
.—q.fﬁ\ |
3 ! 04
1100 i i i | o2
=O=NOx (ppm) ~8=CO % (vol.)
900

T T T T T T T T 0
800 1200 1500 2000 2400 2800 3200 3600 400C 4400
Engine Speed (rpm)

@ [}

311 12 151 NO_uag CO ignsiaumsea 10:1

2200 18
H1.6
2000
A ria o
1800
AN \&f"d L[ 12
1600 : / 1 =
g % \ A 2
£1400 ) \ ro8ye
% /\..( 4 8
Z 00 -—A / ‘ / Foed
1 "4 i
i | i [ D4
1000 . : . | 02
=C=NOx (ppm) =B=CO % (vol.)
800 ' 0

800 1200 1500 2000 2400 2800 3200 3600 4000 4400
Engine Spsed (rpm)

3U7 13151 NO_uag CO HgnsdIumsen 10.5:1

4. agiwa
Han1snaaoUlYSeuINeUaNTTOULUD
A S ) A 2 A
INTOIUAAFANUIATOIGUANIETTTNYIALUALAT
= ' A &Y ay o
WS euNeUTEHINUATOIUUANIFTTTUFIAAIENU
{ a P o ' o '
D NATITHHANTENVVDIBATIAIUNITOA WU
A < & aa a o @ '
IATOIBUANM G TITUYIANUTITALALAI1aIgINI
A ) ] <3
in3esuAaa lunnFIIANFITou Taslssua

5.67% 1 1,600 pm  uaziugang 13.07% 0

]
=

x ] 1< ' Y
2,600 rpm cT%Q‘L!"I‘i]gHJ‘L!Nﬁ'lll"l‘ﬂ"Iﬂﬂ"lﬂ'«]"llli'E]‘1,!‘1/l’51\1
@ I X 4 @ ' '
Usznounuanuuie@eINUUBITIUNTNTZHIN
[ a [} o Y A J
21INALALNITTITUIA uazaanailiinT osoua

[2) ad a a a Y A 1
ﬂ"l“lf’ﬁiiil"]ﬂ@lilﬂ"lﬂigﬁﬂﬁﬂ"IWL%\iﬂ’J"IlJiEIUVIQ'Qﬂ’J"I

4 J. Y Y
nTPBUAAIYalTZI 10.03% uaziive lanfseuly
Yy 2 A X a o =
AUATINNNA NI A0 UFOINAITUNIZDA 36.75%

a A 2 o ' o A
YT NO_ aiiuyumIuens1diunIsoni

2 = 2 2 A
gIUUDY 10:1 Ltazﬂimm NOX ZLTIUAAANLYD

£

[} @

o I o ' o A
ammaumiamﬂu 10.5:1 Iﬂ&lﬂ@li1ﬁ3uﬂ1iﬂﬂﬁ

U S v o o

MuTUIaIudunuslagasanedSuia THC
A o ' A da a o
19991PBATIdIUNUNRINeUS uIRTuazdad INUDY
a ' A X o '
Useslusoauamnuayy ua linunanssnuao
a ] I~ 1
31 co ed19l5Aa1y wamTNAARULEAIIN
=Y [ @ o o
Y5ua Co wag NO_ ianuduiusuuuulsundu

o ) < o . o
AUAADANNTINAIINLTITOUUDINNOATIAIUNITOA

5. 19NA1391999

[1] T.XK. Bhattacharya, S.Chatterjee and T.N. Mishra,
“Performance of a constant speed CI engine on
alcohol-diesel micro emulsion” Applied
Engineering in Agriculture 23, 2004, pp. 253 — 257.

[2] O. Can, S. Shuai, and J. Wang, “Effects of ethanol
addition on performance and emissions of a
turbocharged indirect injection diesel engine running
at different injection pressures” Energy Conversion
and Management 45, 2007, pp. 2429 — 2440.

[3] K. Cheenkachorn and B. Fungtammasan, “Biodiesel
as an additive for diesohol”, International Journal of
Green Energy 6, 2009, pp. 57 — 72.

[4] P. Satge, Z. Mouloungui, G. Vaitilingom and
J. Berge, “Interest of combining an additive with

diesel-ethanol blends for use in diesel engines”

Fuel 80, 2001, pp. 565 — 574.



UNANNINY

[10]

NsensInmama TuTadgaavngsn UM 10 a1 2 ngumaw - Favan 2557

The Journal of Industrial Technology, Vol. 10, No. 2 May — August 2014

Total Environment Centre Inc., “Diesel vs
Compressed Natural Gas (CNG) in the Sydney
Bus Fleet”, Available: http://www.tec.org.au

EROOM Public

Company Limited,

“Automotive Gas Technology”, Available:
http://www.eroomkorea.com, 26 July 2009.
Cairo  Air (CAIP),

Improvement  Project

“Compressed Natural Gas versus Diesel”,
Auvailable:

http://www.pdf.usaid.gov/pdf docs/PNACX796.pdf
D. Choowichien and C. Poompipatpong, “A
Comparative experiment of performance between
a heavy-duty diesel truck and a heavy-duty
natural gas truck” The Journal of Industrial
Technology 5, 2009, pp. 68 — 76. (in Thai)

Semin, A.R. Ismail and R.A. Bakar, “Effect of
diesel engine converted to sequential port
injection compressed natural gas engine on the
cylinder pressure vs crank angle in variation
engine speeds” American Journal of Engineering
and Applied Sciences 2, 2009, pp. 154 — 159.
R.A. Bakar and M.A. Sera, “Effect of compression
ratios on engine performance and emissions of a
CNG fuelled engine”, Proceedings of the 3 Pacific-

Asia Conference on Mechanical Engineering,

Manila, Philippines, 29-31 August, 2002.

[11]

[12]

[13]

[14]

[15]

[17]

A.R. Maher, “Effect of compression ratio,

equivalent ratio and engine speed on the
performance and emission characteristics of a
spark ignition engine using hydrogen as a fuel”
Renewable Energy 29, 2004, pp. 2245 — 2260.

S. Takagaki and R. Raine, “The effects of
compression ratio on nitric oxide and hydrocarbon
emissions from a spark-ignition natural gas fuelled
engine”, SAE Paper 970506, 1997.

B.P. Pundir, “Engine emissions;, pollution
formation and advances in control technology”,
Alpha Science International Ltd., 2007.

H. Heisler, “Advanced Engine Technology”, SAE
International, 1995.

F. Schafer and R.V. Basshuysen, Reduced
emissions and fuel consumption in automobile
engines, Springer-Verlag Wien NewYork, 1995.
D. Bradley and R.A. Head, “Engine auto ignition:
the relationship between octane numbers and auto
ignition delay times” Combust Flame 147, 2006,
pp- 171-84.

C. Sayin, “The impact of varying spark timing at
different octane numbers on the performance and

emission characteristics in a gasoline engine”,

Fuel 97, 2012, pp. 856 — 861.



