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ABSTRACT

The compressed natural gas (CNG) was used as alternative fuel for a spark
ignition engine with multi-point port injection system. This research examined the
performance and emissions aspects of the gasoline fuel and the natural gas fuel engine
modification. The natural gas fuel supply system is injection. They are testing as same
condition, from the comparative results, the quantity of carbon dioxide, hydrocarbon and
carbon monoxide emissions from a well-tuned fuel injection timing engine operated with
natural gas fuel are lower than gasoline fuel at every operating condition and engine
speed. Thereupon, the efficiency of natural gas fuel is lower than gasoline engine.
Moreover, from the fuel spray characteristic was dissipation pattern test at 2.5 bar
pressure, the dissipation of natural gas fuel is better than gasoline fuel which the better
air-fuel mixing. In addition, to supply sufficient fuel, the injection timing of the natural gas
has to be increased. In conclusion, the natural gas fuel can be used in the injection
system but it needs engine modification to decrease emission and to be more

economical.
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A2q (CC. ) 1500

NFTUBNGY Wazdwdn (mm. x mm.) | 81x77

SmINEIUNTEN 9.8:1

NAIGIR: (KW / rpm. ) 70/ 5600

usaiingaga (N-m/ rpm. ) 126 / 4800

szuLgmsiiin ssuuBidnnsefindliulinesnns aauagudsussuy
TCCS

sULSIEETEBINGY ruuioAsgidnnselind AguANGansTLL TCCS
usesUTEINGY 0.25-0.3 MPa.
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14 Chassis Dynamometer daindsainde annsadadldmanadnmoe vaindagege

d’ 3 ] o 3 L% d' } 4
NATHLTIFANT URSATNITONTINUAAINN S lmai s

- {uam HOFMANN

- Dynatest 112-D ||

- WUy Chassis Dynamometer
- ANNATNITD 30-199 km/hr

- AMNATNNTD 0-199.9 kW
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5.8 guuuunITMAKBl

. -l ° -
5.8.1 NMIINAABUIATR|UARLUMNUAIMMSEINRAAM (BMEP )
[ BMEP = Brake Mean Effective Pressure]
-‘l’ L4 ) - J « J v o J
nmaasuuuuissitualiAuslinreaataausiah lunimaaasldnivnunsi
[ L4 4 1 [ o J - 1
ATTNAutnaLantlen( BMEP ) imnnu 100 kPa 300 kPa uay 500 kPa nafauviaquiin
281 1,000 - 4,000 78UARUTR TIULAREATANNAUSINALARLIUSNASULNANIENAT

naaeveaniily 7 anviauanslumen 5.2 - 5.4

4 J 1 -« o J I3 o«
ATIIN 5.2 ANITNIINAKRINATATMHAUERNNIRAELLITNININY 100 kPa.

an1azi FAUNSNINNU (FBLIFDUNT) ARAULTN (KW.)
1 1,000 1.3
2 1,500 1.9
3 2,000 2.5
4 2,500 3.1
5 3,000 3.8
6 3,500 4.4
7 4,000 5.0

d J ] o & j J [ &
AN 5.3 antznamaasaAANAuSIRaIafasnwiniu 300 kPa.

an1asi SAUNTINNIU (FRUABUNT) AR (KW.)
1 1,000 3.8
2 1,500 5.6
3 2,000 7.5
4 2,500 9.4
5 3,000 11.3
6 3,500 13.1
7 4,000 15.0




d ] i [ & i 1 >
A5 5.4 ANNNENINARKNATANAUTIRAIRRWLFNYINAL 500 kPa.
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gnnasi FAUNTNNIY (FRUADUAT) AN (KW.)
1 1,000 6.3
2 1,500 9.4
3 2,000 12.5
4 2,500 15.6
5 3,000 18.8
6 3,500 21.9
7 4,000 25.0

[:d [J [] A’ »
5.8.2 m‘mnﬂﬂum’:"amuﬁuuumuuﬂmuuuwutﬂmﬁ (WOT)
[WOT = Wide Open throttle ]

-1 “~ -‘l 1 : 1 o 4 o ] : 1
nmagauuuvilscdlnfwsaliah "ixammm paaURAUMUATI AR W 50 %

75 % WRE100 % (50 % WOT 75 % WOT uae 100 % WOT ) nagaunaltuiiasay

1,000-4,000 sausau ¥ uarlundassrumisduiildutianimasausandly 7 antay Aq

e \uANINT 5.5 - 5.7

A9Iaf 55 anmzn1smasasiswmiiRusiatin 50 % (50 % WOT )

=t
an1aen

SAUNTTNNY (2RUFBUNR)

Arwmdantsitlnauia

1

1,000

1,500

2,000

2,500

3,000

3,500

~N ||l A WEN

4,000

50 %.
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A9 5.6 ANENIMARBITRUMAUATlR 75 % (75 % WOT)

J ° 1 ° [ - : '
ANIEN TAUNITNNIU (mumamﬁ) Awniinstafu

1 1,000

1,500

2,000

2,500 75 %

3,000

3,500

Nl AR WOWEN

4,000

a‘ °© 1 : LI
ﬂ'ﬁ"l\l“V‘l 5.7 an1rnimmiaaasnaumisduiiaiila 100 % (100 % WOT)

-‘ L4 I3 o t - : ]
an1en TRUNMTNNIU (i‘ﬂﬂﬁlﬂu’lﬁ) ALMNNTIARU

1 1,000

1,500

2,000

2,500 100 %

3,000

3,500

NS W

4,000

- ' [
WN1MRAaUATNARBLNGUNNRNS 301 - 303 K ANTURNWAS Uszunns 60 % -
s :" L 1 d 3 %’ J (3

62 % naunITnedaLNARSTNINIsgUIATERaUAnaRLsENAM 15 unfiauianaadull

P - a - 2 y e o - o :
U 50 avAIAIEAINaATEN AN UN TR WA UIATREUA TSR INTIINARBIS S
:I‘ o« L= AJ L4 Ai' ) d‘ vaal 4 - [l J
iTestusiuinsnsiduaussasi iauarassuilifinaulfauudlsniteeglusnias

- o :'o @ o B ] v ' L4 -l. £ o o - ] o
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fianmesaldauasuynants
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5.9.1 TEN19NARBY RUUNMMUUANISEINRAAMN ITURBUNIINARDIAIN
-] A [ 3 [ ) - :” L& 3
1. duAresauAuasgnsaisine andaselinien 1y gunmaidnleduuss
o W 3 - z d% - [ J % -~ o -
gunsalindmzanisivareazamaaialunsdidamduialety uasiismsuiasssuenf
L3 3 y - ] 1 J
2. MnsgulATERENALTTNIM 15 W1 udaiaATasEus llaulaniasiiag
-' 0 o~ e d‘ J 3 [ § ] -l o L
nagaUNANANANEINALRRLIIZN 100 kPa fiAIAfNFasaLAne TussRe N fusain
[ A 1 o« o J 1 [ 1]
nmadfua lunsdalfiarassuimiaudadiunanniAuansi IndiAeiuduaus1eee
; o o o y e -~ X o
wiseusuialrduiadaremiu wiaauinlfusssnisqasaidingaantiail MBT timing
Y e oA )
udaiunnAn
] 1 4
3. wlanuniszInamilu 300 kPa uaz 500 kPa muedy  Ufiifidudestuiu
¥
Aaudn 2

o [} J o o
4. A laluAunamananisFuanssausudani U hdounsw

ael

- -] “ 13 d 1 [ 4 J [ 4
5.9.2 AFn1TnaauuuNIMUAliauIFulinAIn FalasnmasuiuATeEusULRS
»
- ] o | 3 :
S2MTAWENREINALY TduAUNITNARBIRIN
) J [ 4 : 3 'J [ o =
1. guiATassuslrzin 15 wii udalafuiialiagiin 50 % UfumauiFaren
J : ] [ o - [ 1]
wineeusllR 1,000 seusiaud uasfusardaunantasd@amartuernialiuandiidn
e > - - s - .. ' o
Wi uandn 1.0 wiannanlFuseainisqasuiingaamini MBT Timing $8UN9LATEIEIUA
° d‘ Y ar R ¢ d’ < J S |, e al [
numAudniuiind iaudarevaun fUfiRuudeadu
J i 0.4 L 4 A J 3 °»
2. wfsulfiAresswmmnausaudnsdounanfiAuausimiagy 1.1, 1.2 usy
° [ L 74 :" 1 73 -‘
1.3 muaou uatlinasesriniuneutan 1
-' o T : 3 ° :,4
3. wasusumhgunnile 75 % usr 100 % MnimageustNiunaude 1
1 74

uasda 2

-] [] J -4 } 74 o
4. WA laldAwaaiuansuanssousudainld@auns v
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NANITNARRILALNITIATIZUNS

o 3 -~ [ -4 - o
NIUNTBNBINAEITNIALTEIN CNG ( Compressed Natural Gas ) nAnuas
J o o o :" 1 [
Milurrasauiidaufalsdudulduiinimanaseaniluy 2 doundngfe dauusnAnmm
ansTourTRNATRNEuAULfisTTN I ALaIATRuAULTaTIRY uazdiunassAnm L F s

-

WiiauiuATesusdnasauRIRTREumiAauiasssuT At uATeesumndaufaled

° af
6.1 nIINAEsLLLUNIMUANISEINanAN

6.1.1 NANIIATUANIIOUL
J o« o o -4 - d‘ o al
NANISNARBINNATUANTITOULIBAUATRIUM A AL a T RULA AT an

GEEEET o 1\1m?:ﬂqﬂuﬁfﬁo%nuﬁaﬁﬂm’\ﬁqzﬁndmmuauﬁnﬁnwmﬂndﬁmmsnﬁu
Ainzzuzinanlunsials ilemugusamdmunaifdulumuiifents uazdiusssnig
an?ztﬁndowﬁﬂmﬁuﬂﬁnqmm ( Maximum Brake Torque or MBT Timing ) lun1smmass
Frmunaniaznsinusassiassuseanidugnuantazfaniu annazusnivualy
m‘%muuﬁﬁmnu‘?‘lmm'mm'uﬁ’wama'ﬂmm (BMEP) vy 100 kPa. anaciiaseinvun
Wietassuiinnuiiananududnandisnwindu 300 kPa, wey an1zgeainaninum
WirasnuminuilAnasufudenaiadzwsnviaiy 500 kPa. Jesrfinmunsuunil
mu'lmﬁ'n‘lﬂﬁfmﬁqﬁumu’ié'ﬂﬁci’mm'lo’\'ua:mmmLﬁﬂutﬁﬂumum‘iﬁuﬁi'w] HiounlE
v?wunwnmu#qmuqﬁﬁmﬂsxm:u 301-308 K (28-30 °C) A9 miuduimalsvains 60 -

62 %

UANAT (Lambda or Relative air — fuel ratio)
y } 3 4‘ o o o [ 4 -J [ o 1 Y | ’
ﬁ’m.m-lﬂ'!'!lﬁ\ilﬁ?‘ﬂ\lﬂuﬂﬂ’lﬂﬂuﬂﬂﬁ?i’u‘mﬁﬂﬂﬁl?’ld')ﬂﬂ’l?ﬂﬂﬁ’]\!"] ‘lmﬂmum

= -« ) v 3 » } 73 -I' ¢ -l d' 1 o e
vuzisrluntsan A usNA NN UAT LN TeATaenus U a Ts AU AN A us U g
d 1 [ & J : 1] 1
1BRBLUTNIYINAL 100 kPa, 300 kPa uae 500 kPa. IR NITIsaLAaLs 1,000 — 4,000 FaUMS

-l o -J
W fuanaluzin 6.1



60

#- Gasoline (MPI); r, =105 ~-CNG (MP); r.=105
-8-CNG (MPI); 1, =13.0 -4~ CNG (MP]); r.=143

3.0 41 BMEP =100kPa BMEP = 300 kPa BMEP = 500 kPa

%ég

T T

g

Al

1,000 -
2,000 -
2,500 .
1,000 -
1,500 -
2,000 -
3,000 -
3,500 -

L ELEE
Engme speed (rpm)

3,000 .

4000—

38358

o % o co a @ a < o a o o o
zﬂﬂ 6.1 LANANIBNLATENEIURANIRALLNATTTNTA Ll.ﬂzLﬂ?ﬂﬂﬂuﬂ“')'ﬂﬂLmﬂt‘ﬂﬂu’ﬂﬂﬂqqz

1,000 .

NIV UGN
Mgl 6.1 uamsAuanFanaATasuiadauialtay uasireseuiinlauiasssy
ada [ ' a Y & o v - o o a
sARRNsUSuuAsTaznanlunsiauds Tainldanniaresinle@e luaniaznisinaud
ATANAUEINALRRELLTNIMNAY 100 kPa, 300 kPa WAz 500 kPa AMnFUWLdIAIMANA
- o al 24 ada v = o v - co a 24 a o
29LATENEUIAALAATITNT AN AN INALRENAUATLAN AN IR AT AAUARTIR U

AYNNITITAL LLa:qumme:nwﬁ'N'\u

anunilaids (Exhaust temperature )

a d' o 23 = d‘ o & (21 Ad‘
m@qm‘nquiﬂLammqmsﬂwummamLmahauua:msﬂwummamLanﬁ:‘a‘u'mmvu
ARINEIUNITEAWINAL 10.5 : 1 NANANNAEINALRABLLINYINAL 100 kPa , 300 kPa uay
500 kPa. finanuiasausneT] uanalugii 6.2

Mgl 6.2 uaavAgumgileduvesiesumindaufasssna1fuaziATaeusiia

<l o

AnufalsauiAwan@wingy 1.0 aangiwudnfidn BMEP naafiuuazanifasauimeaiu
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F99NTN AN AU ULAITEE 219 a1 1N 2A IR AUAN AN AL ATLAN AT DILATRIL WAL AR
uhalaau laelWiATas uANI9IuAt ATAINAUEINALRARILLINWAAL 100 kPa , 300 kPa

WAZ 500 kPa. UAZLATEIEUAINLAAIINEISEY 1,000 - 4,000 sauseEuIR AauanalugLln

6.15-6.17

%- Gasoline (MPI); r.=105 -0~CNG (MPI); r.=105
-B-CNG (MPI); r.=13.0 -4~ CNG (MPI); r.=14.3

20.0
18.0 -
16.0 -
14.0 - R —

12.0 . . |

10-0 T T T T T T T
1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)

CO2 (% Vol)

d ! o o a 1
517 6.15 Bunimfueulaeenlafuecimrestimin@auianssnes uaviAseseus

FaUR A IMAUN ANANAUEINALAREILLTNIMATL 100 kPa.

#-Gasoline (MPI); r.=105 -#-CNG (MPI); r.=105

200 -B-CNG (MP]); . =13.0 -4 CNG (MPI); r =143
18.0 -
°
> 16.0
x
6 14.0 - £ + + # & ® #
Q
12.0
10-0 T T T T T T T

1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)

=l i & o o a J -
719 6.16 e fueulssenlasueusressusmidlauiasssngii ULAZLATDILIUE
o (2 A 1 or o H 1 o
FauAa AN ANANAUEINALRAEILTNIYNAL 300 kPa.

el & X

o " ' G
Tz 6.15 uaanFunuafueulasenlasniiatulula@uressiessuiindauie

a

18 uaziATaeeumiadauiasssnaAnAIANAutaNaIaRtLTNWINAL 100 kPa AngY
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WU SRsdaunsSainAL 10.5: 1 iTaseusiaaufaloduariiuiuafueula-
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pan [MANINNILATIUANLAALRASITNTNANYNANIFITEL L HBIAINAMANTRTDATE
@ i 1 o i z - 24 1 1

mAMuANA1eTY IneRidamauialedu (CH,, ) 1 luanaaziinfusunt 8 axaaN W
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damdAasssuad (CH,) 1 luanaaziianfueuey 1 azpen Auiulanianeznentes

[ 3 z - 24 o o/ o - i
prfuauludamdwdaleduardusaiueandiauldinaradly co, lusneiinisalndf

o !

avgrnisnduiafulan ﬂ’J'lL‘DﬂLWﬂ\!LLﬂGﬁi‘TN‘B’m LA LNﬂLWNﬂMTWﬂW?ﬂﬂLL@Qﬂ?‘NWN

o

asuauleaanlasntailanlndieai dMFUNIMARELTAANN U IHARRE TN
300 kPa uaz 500 kPa AT lAuanslugL? 6.16 uazgUfl 6.17 TeaziidnmouzAuualiy

a3 &uns N tuRea Y

# Gasoline (MP]); r,=105 -9-CNG (MPI); r.=10.5

8- CNG (MPI); r,=13.0 ~&-CNG (MPI); r,=14.3
20.0

18.0 -
16.0 -

14.0 - , —_—

CO2 (% Vol)

12.0 4

10-0 T T T T T T T
1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)

a - - J o o a J
51 6.17 Wunuafuaulasanlafresirresusmiodauliasssngs uaziATadeus

FauRa A uNAANNAUENALARLLLSNYINAL 500 kPa.

#- Gasoline (MPI); r =105
@ CNG (MPI); r.=13.0

=-CNG (MP]); r.=105
-4 CNG (MP]); r.=14.3

20.0
ey BMEP = 100 kPa BMEP = 300 kPa BMEP = 500 kPa
T 15.0 -
> N - e S i
°\°
~— e itiree  Seged-tta i1
A 10.0 -
O
5-0 T T T T T T T T T T T T T T T T T T T T T T
S S S S
g = g SRS
bl B B e aﬂaﬁ@na b el B n§€
Engine speed (rpm)

< - - £ o a
519 6.18 ueuWauFuuafusulaeanlafuesiestusiinlauian s

4 co a o P o ,
WATLATENE UANIRA I.LnaT'muVlan’l'):mi“n’ld’mm\‘lj
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2171 6.18 uamsnisufuuifisuFunninnfueulaeanlafiiialiiAseseuiinaunal

ANAUEINALRRELTNNAL 100 kPa, 300 kPa Ua¥ 500 kPa annguUwudniialiiAses
o i A’ |3 T o 1 o i

ausminauluaniaznasfgaauFunuafuaulaeenlaaidendiAn indipeaiunnn e

o o &’ a o J o o
anlilfusasdiunanraatiamasiuainialiia lndiuluynaniaznismineu

ArsuauNauanlts (CO)

o o [2d

L3 5 dl = P o a 23
e fusunauenlafasariassusindauialoduuariasaseusiindnuia

aa ¥ |os ] = val v (P ' v dl o o
sesua AN il Fuusieszeziaanlun1sRa KA LA AN LA LAN A1 189 ATEIE UG ER
wialadu IneliATessusminaudaadAianAudanaatLsnwiniL 100 kPa , 300 kPa
WAz 500 kPa. WazlATaesMinuiAIEasaL 1,000 - 4,000 sauseui AuandlugLi

6.19-6.21

# Gasoline (MPI); r.=105 -9-CNG (MPI); r.=10.5

2.0 -@-CNG (MPI); r,=13.0 -&-CNG (MPI); r.=14.3
- 15 -
° :
> +
c\o 1.0 - + *
~ +
o Z;.:_./_-—Fa;m-‘—_—‘;:a
Y 05
0-0 T T T T T T T

1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)

d ¥ d 6 o/ 2 a i
519 6.19 FunouAfuauneuanlIf199ATEUATRALARSITNING UAZIATREUR

o (24 i U o o/ A 1 o
PanuialaaunAANAEaNALRALILINWINAL 100 kPa.

A L3 .n g i o 2
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masTuaInARaniulaRTl aduafiewvinlfdamassivesionauudaaainllnasiy
o :‘, <K v ¥ 2/ &’ = o & ' .-3 a 24
81N Aaiuassiasldinaruuninlunisuanliiduiliades iy Tsianaem@uiasssy

a
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GUIuAINANNTITALIININ  dmFunimmaseunAIANAUEIRAIRRtLININT 300

“ 1'% d‘ GJ ' ¥ -l
kPa usz 500 kPa mufilFuamelugi 6.20 uarghn 6.21 Auuelinreadunsvaci

ANzt
# Gasoline (MPI); r.=105 —#-CNG (MPI); r.=105
20 -B-CNG (MP]); r.=13.0 -&-CNG (MPI); 1, =143
— 15
o +
(=]
> +
L 1.0 1 b
- g
0.0 T T T T T T T

1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)

d [ s d o 24 - J
1% 6.20 1FUANFUAUNAUDN AT ATEIEIUNANIAALA AEITNING WALIATRIEINE

o o J 1 o o J 1 o
TanudalaaunAIANARENALRAELLTAWINAY 300 kPa

#- Gasoline (MPI); r.=105 -9-CNG (MPI); r.=105
- CNG (MP]); 1. =13.0 -&-CNG (MPI); 1.=143

& B
=+

CO (% Vol )
Y
(=]
%

e
(]

e
o

1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)

< - o o o o a o
517 6.21 Punumfusuneuanlafecrteseuimindauiasssnea uaziATestus

o o A 1 o o i 1 o
RnudalaauNAIANNAREINALIRREILINWINAY 500 kPa
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#- Gasoline (MPI); r =105 “-CNG (MP]); r.=105
“B-CNG (MP]I); r,=13.0 -4 CNG (MPI); r.=143

3.0 1 BMEP = 100 kPa BMEP = 300 kPa BMEP = 500 kPa

0.0 T T T T T T T T T T T 13 T y T T T T T T T T T
§3E385% E3EgERE S5EzEE
SRdderd Sl Aned eSS e

Engine speed (rpm)

d [ o d & o o =
719 6.22 ulBauisuiFunnafueuneuenlaArATeEsITnARALAASIINTIE Las

d' oo al 24 < d' o ]
Lﬂ?'ﬂ\?ﬂﬂﬂﬂ?ﬂﬁI.Lﬂﬁt‘liﬂu‘lm.ﬂqﬁZﬂ']ﬁ"/l’hﬂulﬂqﬂj

Tugild 6.22 uamsnsuFauiinuininunaifueunauan lasiialiiATee w1y

' o o

H H 1 o U A
fAANAUTINA @RS 100 kPa, 300 kPa UAY 500 kPa AINZUWLLLATEIES
ol o a a P ra £ o & P ° X o
WnasuRalaauiiArarfuausauenlgARNINRNEUANTRLIHAN 192N 19MNUEITU LT8R
X a A nl 3 o o/ )
A nFunasdanasnanidi ld lusean s unasfinunnau aaniliinssemafaléla

&

A a 1 o ' [¥ A’ ° o
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3 a 24 a o (P i o
L'n'ameunaﬁﬁummmmmmaunummﬁ1ﬁﬁmnnuﬁvgnaqummmu
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QA Y o 1 < val % | [ 1 % d' o o (23
415N beUFuLsasrazaanlunisan R A LaN A WINAUALAN AN IATRE WA AL a L
AU Toe 1 LATRI UANIITUAIE ANAIN AREINALRALLLSNWINAY 100 kPa , 300 kPa LAY
500 kPa. WATLATENEUAN1NIUNAINITITEL 1,000 - 4,000 saUABUIT AauanalugLd
6.23-6.25
H H - z d ¢ o/ 2
Mg 6.23 uasnFunnlalasanfusuniiaaululedusessasausminfaufalodu
dll 6 o 23 dl 1 o o d' | o 1 dil
uaziATadtuAiadauiasssnfiArAuAudanaRfeIusninAY 100 kPa aangUwudad
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gmsdaunisdawindu 10.5 : 1 wFassuiindaufalsduiitiunnlalasafuaugandiates
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tUMIRAUAassINTIANNNANGITRY  HesannuiasssnaRiinisuanAgniARIiY

o

3 o ' i L g U
analdiduiiameaiuninnga Wailniswa lndidar ndldanysalnduazin 143

a v

lalasanfuauaanuiduleldetasndt wasilanndnsdaunisdanudinlnaiadud
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3 a 1 ] ! ' o ' °
@andsanunsadnludnseeludesdnszuinegnguiunszuanguldninndraainiunm
¥ .3’ o o a a é’ 5 4 oo a 2d < dl L3
lalasanfuaugaauanansdaun1s8ANNNTY HaATet Ui AnLTa ITAULAZIATELIUA
o 24 a o = 2 @& d’ ﬂl 3 d' d’
WaaufasssuaisAdlalasanfuauariuuslinanaeninANFasauANTY Hegand
ANFITELGAT ANTULINTEsEInAT nad i nanTugainldeniAaNsanszunniy
J a /] 1 i < °I o J a o
@amdaliuannszangldirandnfimnifaseun Mlidemdsaiunsananiuainials
z = o ' ° v a lldl Ly X ° o
dhudladeaiuuinnd, uazdenainliiianisiun ndinanysaluinau dwiunanimaansy
fArAusuTanalaftusninGL 300 kPa uay 500 kPa Aauanalugui 6.24 uazguy

6.25 Auurltinraddunsnazianmnirluinueadea iy

# Gasoline (MPI); r,=105 -9-CNG (MPI); r.=105
-@-CNG (MP]); r.=13.0 ~&-CNG (MP]); 1. =143

0 T T T T T T T
1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)

o o

d 1 o o/ 24 a {
51 6.23 1Bunulalasafueuresrresausiinauiasssngd uaziAsastusiiann

uAalaauNAIANAUEINALRAEILTNIMAAL 100 kPa.

#- Gasoline (MPI); r.=105 -9-CNG(MPI); r,=105
-B-CNG (MP]); 1, =13.0 ~A-CNG (MP]); r.=14.3

300
250
g 200 -
o
o 150

HC (

100 -

50 -

0 T T T T T T T
1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)
& o/

< o i os 24 a i
519 6.24 1funlalasanfueusesiATasuminlaufasssnani uaiATestusvadn

uAalaaunAIANNAUTIRNALIRAEILLSAWNAL 300 kPa.
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#- Gasoline (MPI); r.=105 ~9-CNG (MP]); r.=105

- -B-CNG (MPI); r.=13.0 ~A-CNG (MPI); r.=14.3

250 -
g 200 - %
o
S 150

HC (

100 -

50 -

0 T T T T T T T
1,000 1,500 2,000 2,500 3,000 3,500 4,000
Engine speed (rpm)

& o/

A [# J & o/ b2 a J
5% 6.25 UsunnulalasAniueuaersest Ui AL AT NI ALAZIATESLUANAAA

uAalaaunAIANNAUTIRALRAEILLSAYNAL 500 kPa.

#- Gasoline (MPI); r, =105 ~-CNG (MP]); r. =105

@ CNG (MPI) ; . =13.0 & CNG (MPI); r.=143
400 (MP]); 1, (MP]); T,
300 - BMEP = 100 kPa BMEP = 300 kPa BMEP = 500 kPa
8 . X
5200 « .
U K - . o L
® + +
T 100 - < & > 2
0 T { i} T T T ¥ T T T T T T T T ¥ T T T T T T T
B3E383: f3Esise E3Ezes
b e 3 - S 5 B ol B S B B B el B e e

Engine speed (rpm)
d o y o o/ 24 a y
519 6.26 WhsuweuFunnlalasaiueuredeTeuiinanuiasssNTR LaTIATEY

6 o 23 n‘ o ]
tusaAauRalauNaN192N139N9UEN

lug# 6.26 wamenisufFauiisudtlatasarfueuialiiATeseusminaunaAIAusy
o i 1 o/ ! d ﬂ' z 1
fanaladniusninfu 100 kPa uay 500 kPa angUwudniaganiazinaninauan

lalasafuauiinisilasuilaaineadntias
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a ' a
6.2 NITNARAULLLLLAAULTIAIN

d J ' e
6.2.1 manemuaNssouElunsiuNAANAYINNAY 1.0
o v d" 1% d‘ co 24 ad’d
W daUUAAINANIINARBLNINAIUANITO UL IBILATILUFVIAAUARSINT AN
QI o or 1 o o d g O
MARNERTIEIUNNIEAAIN 10.5: 1-14.3: 1 NNABAIEIUN1TERAL IHLATRILUANNY
v
' I e o o a a o
gotAaNAIWY 1.0 Tunisnaseuianualdliuesainisqasziialdf MBT Timing

( Maximum Brake Torque )

s

N1a9Lusn (Brake Power)

ado

ATNNRALTNYDIALATEIEIUFNIRAURASISHINANSATIAIUNIE AN Airumdadn

Wl a 50 % (50 % WOT), 75 % (75 % WOT) uwa s 100 % (100 % WOT)m?"awa

o

NNUNBRIEIUNANNERA (Stoichiometric ratio) TiuamelugLlh 6.27 - 6.29

@ CNG (MPI); ®CNG (MPI); ACNG (MPI);
r.=105 r.=13.0 1. =143
50
—_—
2 40 | S0%WOT
MBT Timing
% Lambda = 1.0
[ 30 T
3
A~ 20
3
s 10
0 T T T T T T T T T T T T T
1,000 1,500 2,000 2500 3,000 3500 4,000

Engine speed (rpm)

=l o o d‘ o a (24 dl o ] ° '
31]7! 6.27 NIANUINUDILATANEIUANIRALNATTITNTNAN ﬁ]ﬁ"’lﬁquﬂ’]ﬁ‘ﬂﬂm’ld’l ATLAWN

auLLle 50 %

137 6.27 wamsindeiusnrairseausiadauiasssuanAnasiuizasay 1,000 -
4,000 sausiaNIR AngUwudRaRNSRsdaun1saaliu 13.0 1 uax 14.3: 1 AndaLusn

dl’ L3 A’ o/ o/ n‘l A‘ &’ dl a' o/ o/ o %
PRILATRIEUAATGITUAN AR FIUNNTEANANTU LUBIAINNISANERTEIUN1EALNN I

as ! o o a é’ o val o a a
AnsunelunsruanguludasdanardniiAngean denain liinsun indguusaiianin
3 °© o & a 3 o o a0 o | o
T UAZNIAIARZNNNINTUANANAL TUnsaUINERsIN198AMNAL 10.5: 1 UaE 13.0: 1 WU
§iz O . & a P @ < ' = 1l o o P
INKULTNHANMARINBANNIFITAVDNN 3,500 F2UABUNN UANERIIEIUNIIEALNNAY

914 4 = 2/ A' &’ < n‘ o o d‘ rallv

14.3 : 1 AMAAUUSNHU TANTUAINANNIFITEL @UANAIAULINUBIATRELUANERT

o ! o 4 A _a A" 1 A
N198AWINAL 10.5 1 1 uaz 13.0 : 1 AAama asannisitladusaies 50 % WOT 1ATas



7
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@ ada X 4 < - Yy ada X P
AMHLTITAUNINNTU LUBIRINLATANEUARINITDLANTUSUTIATUAN MnAnIuluIUELATEY

L el 1
guAn1uleANIn
@ CNG (MPI) ; B CNG (MPI); ACNG (MPI);
1. =105 .= 13.0 .=143
50
—_
z 91
é« 75 % W?T.
MBT Timing
g 30 1 Lambda = 1.0
[=]
R 20 -
=
& 10 -
0

1,000 1,500 2,000 2500 3,000 3500 4,000
Engine speed (rpm)
< ° o o oo al (24 ad o o ° '
31]'" 6.28 ﬂ']ﬂ\iI.Uﬁ‘ﬂ‘llﬂ\!lﬂi“ﬂ\lﬂumﬂ")ﬂﬂunﬂﬁ‘i‘?&l‘lﬂﬂﬂﬂl’li"\dquﬂ’li‘ﬂﬂm'\\i'] ALLNUN

ausle 75 %

# CNG (MPI); B CNG (MPI); ACNG (MPI);
5 r.=105 r.=13.0 r.=14.3
g 40 4 100 % WOT
= MBT Timing
b 30 - Lambda = 1.0
3
R« 20 -
%
H <
& 10
0

1,000 1,500 2,000 2500 3,000 3,500 4,000
Engine speed (rpm)

al o o lll o a f2J A-‘ o o } L 1
zll'VI 6.29 ﬂ’lﬂ\iL‘Ui‘ﬂ‘H'ﬂ\iLﬂ?ﬂ\’ﬂul?lw)‘ﬁﬂLlﬂaﬁﬁ‘?l\l‘mMﬂﬂl’li‘ﬁd’luﬂ’]?ﬂﬂm’ld’l AN

Augatm 100 %

] o i a 19 o a i o

AmFugUN 6.28 uazgUN 6.29 NUIIANRILSNIBIATRIEUSTN LFANARIIUNIT
o 1 e al ° o 1 e o A aiv
AN 14.3: 1 HAYIQM LALAARIATNAIALAINAIBAIIEIUNTDANAAAY LATNERAT)

o 1 19 o = 2 A‘ 3 -1 a‘ A‘ &' d‘ o o
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Q'Vl "711 “l"lﬂﬂ’Iﬁ‘LN’?hﬂNﬂ’]ﬂlﬂﬂT"U’ﬂﬂﬂUN ANGINITATLI Laﬂﬂ‘lﬂuﬂ anunumsmﬂum

a

NN

anNAuLARudanAssuwzIusn BSFC (Brake Specific Fuel Consump-

tion)

]
ad o

AN ResdamAssnnnzusaealasufiaaaufass s AR
daun128msineT Aumisausadln 50% , 75 % uaz 100 % isesuummuTisRdaY

NANNDA (Stoichiometric ratio) 15\'!.!.2‘301#1@1]# 6.30 - 6.32

# CNG (MPI); B CNG (MPI); A CNG (MPI);
900 r. =105 1.=13.0 r.=14.3
800 - 50 % WOT
= MBT Timing
2' 700 4 < Lambda = 1.0
% 600
O 500
2
2 400 -
300 -
200

1,000 1,500 2,000 2500 3,000 3500 4,000
Engine speed (rpm)

!
aa o

< 4 4 a o
E‘IJVI 6.30 ANAULADUTRINRIR N m?nmmm?'mﬂummamu,nﬂﬁ:‘m‘m ANERT

€2UN198AFNgT AunaduTn 50 %

@ CNG (MPI); B CNG (MPI); ACNG (MPI);
1.=10.5 1r.=13.0 1. =14.3
900
800 - 75 % WOT
= MBT Timing
v 700 - Lambda = 1.0
2
i 600 -
T 500
% 400 .
=)
300 -
200 ——————

1,000 1,500 2,000 2,500 3,000 3,500 ‘4,0100
Engine speed (rpm)

[l
aa o

&
71J'VI 6.31 m’mﬁutﬂamL'n'ammmm’rm:‘nmmmeﬂummamunaﬁsmm ANART

@9UN17AAFN"T Frumbsdusadla 75 %
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© CNG (MPI); B CNG (MPI); ACNG (MPI);
. =105 r.=13.0 =143
800
700 -
;‘ 100 % WOT
] 600 . MBT Tim.ing
g Lambda = 1.0
® 500 -
[ ]
8 400 -
1%2]
[22]
300 -
200 T T

1,000 1,500 2,000 2500 3,000 3500 4,000
Engine speed (rpm)

|
ada o

< 4 Y a o ' o o
3% 6.32 AnuBuReITRMAIIIMIZILINTIBNATRSEFTI A ALR AsTINT ATIEREY
1 4
@9UN199AGN97 AUmNawsULln 100 %
dl 1 4 < dy a o dl o a 24
317 6.30 uameArAMNAUILRDUTRINAIRINITILUSNIBNIATRSEIUS R AL A ST TN
178 Aumdaduiiatle 50 % NanismagaunANFasay 1,000 - 4,000 sausieund uay
UfuaeAnisqmsziinaaautini MBT Timing aanguwudnlugasnanadasen 1,000 - 2,500
' aae o 1 g 4 P 5 a o = ol
FAUADUIN NERTIAIUNTEARINT AIAINAULIRDUTDINRISUNIZILTNTDIUATEIEIUGTH
wualiiuanae WasaniauiFiseuni Axfaunldainnismnindidamasazfinan
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wnlunisdnemannfeuliguilanszuanguuazginsalsine nraluresaus sinldaau
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Faugeydelduumdadunin Aedanaldiinsdunldes@am@aunn wsiillawrreaeusl
T & & g . ok
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Study of Natural Gas Multi Port Injection Engine
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Abstract

The compressed natural gas (CNG) was used as alternative fuel for a spark ignition
engine with multi-point port injection system. The quantity of CNG injection was
controlled by an adjustable electronic control unit to obtain the best performance. The
comparative test between the natural gas injection and gasoline injection engines shows
that the performance of natural gas injection engine is lower than that of gasoline
injection engine at all operating conditions. However, the amount of carbondioxide,
hydrocarbon and carbon monoxide from natural gas injection engine emissions lower

than that from gasoline injection engine emissions at the same-operating condition.
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NATURAL GAS MULTI POINT INJECTION ENGINE
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ABSTRACT

The compressed natural gas (CNG) was
used as alternative fuel for a spark ignition
engine with multi-point port injection system.
This research examined the efficiency and
émissions aspects of the natural gas injection
engine. The natural gas fuel supply system is
multipoint injection. As the results, the quantity
of carbon dioxide, hydrocarbon and carbon
monoxide emissions from a well-tuned fuel
injection timing engine operated with natural
gas fuel are lower than gasoline fuel at every
operating condition and engine speed.
Thereupon, the efficiency of natural gas fuel is
lower than gasoline engine. Moreover, from
the fuel spray characteristic was dissipation
pattern of natural gas fuel is better than
gasoline. In addition, to supply sufficient fuel,
the injection timing of the natural gas has to be
increased. In conclusion, the natural gas fuel
can be used in the injection system but it
needs engine modification to decrease

emission and to be more economical.

INTRODUCTION

The compressed natural gas to be used as
alternative fuel for engine now becomes more
acceptable both in the country and abroad.
While Thailand possesses own source of

natural gas and can produce natural gas fuel,

Thailand still face problem of emissions at
high level to affect the environment as well as
the increasing price of the fuel and liquefied
petroleum gas (LPG). Previous studies have
been conducted on development of CNG
fueled engine with lean bum for small size
commercial van (1), advanced natural gas
vehicle development (2), installation and
development of a direct injection system for
bio-fuel gasoline and compressed natural gas
engine (3) and development of a high
efficiency natural gas engine (4), the resuit
shows that the properties of compressed
natural gas have proved to be more
advantageous, i.e. low volume of emission
after buming, adequate reserves for long-time
in the future, low production cost, therefore it
is advisable that natural gas can be another
solution to emission and fuel price problems.
Although there are several papers in abroad
mentioned about the natural gas engine, there
is not report about the multipoint natural gas
engine using the natural gas produced in
Thailand. The natural gas produced in
Thailand has some different property to the
ones in abroad such as very high percent of

CO

2
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EXPERIMENT  APPARATUS  AND
PROCEDURE

The engine for experiment is a four-
cylinder, spark ignition Toyota engine as per

following specifications:

Table 1. Engine specifications.

Engine model 5A-FE
Compression ratio 9.8:1
Engine 15 L

Displacement

Number of cylinders | 4

Cylinder Bore

78.7 mm.

stroke

77.0 mm.

Maximum power

70 KW@ 5600 RPM

(95 HP)

Maximum torque 126 N-m @ 4800 RPM

Fuel system EFI

Fig. 1 shows schematic of installation for

experiment  apparatus with  adjustable

electronic computer control unit,
dynamometer, natural gas flow meter, gas
analyzer and natural gas supply system. The
natural gas in the tank of high pressure of
approx. 180 bar flows through the open valve
into the pressure regulator. The pressure
regulator will reduce pressure of natural gas to
the level that gas injectors can operate. The
natural gas flows through the natural gas flow
meter before reaching the injector. When the
engine operates, the sensors will send the
signal to the electronic computer control unit.
The control unit will compile and send the
injection signal to the injector. The injector

feeds the natural gas to mix with the air in the

intake port. At intake stroke, the natural gas

flows into combustion chamber. The volume of
emission can be measured straightly at the

exhaust pipe with gas analyzer.

Fig.1. Experimental apparatus

Fig. 2 shows the installation of natural gas
injectors in the engine. The original gasoline
injectors were replaced with the gas injectors.
The operating signal of injector is sent from the
electronic computer control unit. The
computer control unit controls the quantity of

natural gas by adjusting the injection duration.

Fig.2. Installation of natural gas injectors.

The experimental was done under same
conditions, i.e. to compare the performance
and emissions of the natural gas engine and
the gasoline engine. The experiment is carried
out under part open throttle condition and the

value of brake mean effective pressure (BMEP)
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was maintained constant. Comparison of brake
mean effective pressure was done based on

BMEP 100 and 500 kPa.

RESULTS AND DISCUSSSIONS

For natural gas injection system engine,
air-fuel mixture ratio must be adjusted before
the experiment is carried out. The lambda
(actual air fuel ratio / stoichiometric air fuel
ratio) of natural gas injection system engine
was adjusted to be close to one of gasoline
injection engine as much as possible. The
adjustment can be done by increase the
injection duration using electronic computer
control unit. At the same conditions with
gasoline engine, natural gas engine need
longer injection duration due to the lower
density of gaseous phase of natural gas. Fig. 3

shows the result of lambda adjustment.

-#- Gasoline engine —o- CNG engine
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3"54 BMEP =100 kPa BMEP= 500 kPa

@

2 104 i3 Btpn o o2

3

0.5 4

0.0 +—r—r—1—r—1r—7T T —TTT
C 0 CcC oo oo cC 0 C O oo
828233838 883888828
— - NN M T - —_ NN

Engine speed (rpm)

Fig.3. Lambda of natural gas and gasoline

injection engine.
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Fig.4. Brake specific fuel consumption of

natural gas and gasoline injection engine.

Fig. 4 shows the relationship between
brake specific fuel consumption (BSFC) and
engine speeds in natural gas engine and
gasoline engine. At operating conditions at
BMEP 100 kPa. the fuel consumption in natural
gas engine is higher than in the gasoline
engine at 1,000-1,400 rpm. At engine speed
1,000-2,500 rpm, the brake specific fuel
consumption decrease. Brake specific fuel
consumption increase with engine speed at
3,000-4,000 rpm. At BMEP 500 kPa brake
specific fuel consumption of natural gas
engine is little higher. At engine speed 3,000-
4,000 rpm. brake specific fuel consumption in
gasoline engine increases at the same manner
as the operating condition when BMEP is 100
kPa while brake specific fuel consumption in
natural gas engine remain unchanged. It was
considered that the different of fuel
consumption occurs because of the
combustion efficiency of natural gas engine is

better at high engine speed operation.
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Fig.5. Brake thermal efficiency of natural gas

and gasoline injection engine.

Fig. 5 shows the relationship between
brake thermal efficiency (BTE) of natural gas
and gasoline engine. At BMEP 100 kPa, brake
thermal efficiency of natural gas engine is
lower than that of gasoline engine at every
engine speed. In this operating condition,
brake thermal efficiency of natural gas engine
changes at each engine speed less than in
gasoline injection engine. At BMEP 500 kPa,
brake thermal efficiency in natural gas engine
is still lower. It is remarkable that at 3,000-
4,000 rpm brake thermal efficiency in gasoline
injection engine decreases when engine
speed increases whereas brake thermal
efficiency in natural gas engine increases with
engine speed.

This is because the injection of different
phase, the gasoline injection engine injects
liquid phase while the natural gas engine
injects gaseous phase. The injected gasoline
should be evaporated which takes time to be
homogeneous. The natural gas engine is able
to mix with air and need no time for
evaporation. At higher engine speed, the

intake into combustion chamber is faster and

the mixture of gas and air in gasoline engine is
not good when compared with the mixture of
air and gas in natural gas engine. Therefore
the burning efficiency in gasoline engine is not
as good as in natural gas engine at high
engine speed.

The emissions from gasoline engine and
natural gas engine as measured from exhaust
of engines are mainly carbon monoxide (CO),
carbon dioxide (CO,) and hydrocarbons (HC).

Fig. 6-8 illustrates the volume of emissions of

the engine.
-»- Gasoline engine ~o- CNQ engine
2.0
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S283388% 22888 8%

Engine speed (rpm)
Fig.6. Carbon monoxide of natural gas and

gasoline injection engine.

Fig.6 shows emissions of carbon monoxide
(CO) in natural gas engine and gasoline
engine. At BMEP 100 kPa, carbon monoxide in
natural gas engine is lower. carbon monoxide
in gasoline engine increases with engine
speed whereas carbon monoxide in natural
gas engine remains unchanged. At BMEP 500
kPa, carbon monoxide in gasoline engine is
higher at higher engine speed as at BMEP 100
kPa while it remains unchanged in natural gas
engine. The change occurred in gasoline
engine is resulted from the mixing rate in the

combustion chamber is faster when engine
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speed increase and it allows no adequate time
for compete reaction. The fuel injected from
the injector is still in liquid phase and it
requires time to evaporate into vapor for
reaction with oxygen in the air from the
manifold. This is different from natural gas
engine as the fuel injected is gaseous, it
requires less time for reaction and the reaction
between gas and oxygen is more complete.
The result is the level of carbon monoxide

remains unchanged when engine speed

increases.
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Fig.7. Carbon dioxide of natural gas and

gasoline injection engine.

Fig. 7 shows the comparison between
carbon dioxide (CO,) in natural gas engine
and gasoline engine at different engine speed.
At BMEP 100 kPa, carbon dioxide in natural
gas engine is lower than in gasoline engine at
every engine speed. At BMEP 500 kPa, carbon
dioxide in natural gas engine is still lower than
in gasoline engine. This is because the
carbon content of natural gas contains less

atom which results lower carbon dioxide at

combustion.
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Fig.8. Hydrocarbons of natural gas and

gasoline injection engine.

Fig. 8 shows the comparison between
hydrocarbons (HC) volume in natural gas
engine and gasoline engine at different engine
speed. At BMEP 100 kPa, hydrocarbons in
natural gas engine are lower than in gasoline
engine. However, at BMEP 500 kPa,
hydrocarbons in natural gas engine are lower
than in gasoline engine at every engine speed
and decreases at BMEP 100 kPa. This is
because the higher mixing rate of natural gas
fuel. Combustion in combustion chamber is
better so that the emissions from hydrocarbons
in natural gas engine are lower at every engine

speed.

CONCLUSION

There is high possibility to use of
compressed natural gas in Thailand as
alternative fuel for multi point port injection
engine. However, it is necessary to increase
injection duration of natural gas and adjust
spark timing advance to properly meet the
length of natural gas combustion. The
outcome from the experiment is as follows:

1. The performance of natural gas injection

system engine is lower than gasoline injection
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engine at every operating condition.

2. At higher engine speed, the change in
performance of natural gas engine is very
limited when compared to gasoline engine.

3. The emissions such as carbon
monoxide, carbon dioxide and hydrocarbons,
in natural gas engine are lower than in
gasoline engine at every engine speed and

operating conditions.
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