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ABSTRACT

The objective of this thesis is to study and develop diesel engine for the use of dual fuel
of gas and diesel. The fuel used in this study consists of both LPG and CNG. The concept is that
gas and air are mixed at the air intake duct and the combustion of air-fuel mixture occurs after the
ignition of diesel. The engine used for LPG is four-cylinder four strokes 2499 cc of diesel engine
and CNG is similar engine of 2986 cc, with the reduction of diesel injection amount. The
maximum engine power, smoke of exhausted gas and fuel consumption of combustion are
measured and compared to the test result of pure diesel engine at each different load. As the result,
the maximum engine power of dual fuel is higher than that of pure diesel about 8.5 to 14 percent.
The smoke of exhaust gas of dual fuel for both LPG and CNG are is close to pure diesel at middle
load but higher than pure diesel at very high load. The ratio of CNG to diesel by energy for dual
system is 43:57 to 48:52. By comparing total cost of dual fuel of CNG to pure diesel, the dual fuel
shows about 20 percent lower figure. The ratio of LPG to diesel by energy for dual system is
44:56. By comparing total cost of dual fuel of LPG to pure diesel, the dual fuel shows about 26

percent lower figure.



a A
neanssndszmna

k4
IenivwuiativiiduSelddenungann wrasuar Samswidisd medn
Innssuesesna augdmnssumans gonfumalulednszeeundudnammsaanszils
o a - 4
2115 8fn U Inetinug
YINIIUNITAUAUTEN IR IMINTTIATENA  Andmnssumanl  aoiy
U N i o ﬁ( = .
malulogwsseamndudgummsatansaly  yavind IfdszAniUszaminiddud i
uaz weLas.Atia Saudiwes ewsinninimnssunieina augdinnssumaas s
Py Y A o < - Q’I’ dy
un1Inede aldslioulunsiseased
veveufuUuTafnunmzImnssumand Sudainerds WodnyironiumaTulag
wrzesAA U IgUNMIIAIANTLITS 1azINOUT NI Tsuzu Technical Center of Asia Co,Ltd.
] A v * a a d ::‘ o G4
yavuniduTneuImeinusatulimSaauysel
' AN = = o  as ‘:y 9 ] a
Atz lovisunannnImaiinuiatull  Swudwenenud a1 wsen

1915 SuazfinsLauyniiy

=l - J
1591 n1suns



i

UNARIOATHYING. ... I
UNARATDNTHIBINNY. c.oveeterretereee e II
DARNTTUUTEN M. oooeoee e I
TTTUT .ttt et e v
ATITUUYTU. oo VII
T BT N 1
L1 anmduanunsaamd Warueatl M e 1

12 AeMINsU0s S s AR U8R ITEAY Y v 1

13 A IUYBIAIIANN L. oottt 1

L4 ngufnSeuuand At IS Iums 380, oo 2

1.5 msxﬂ?vwﬁamwhﬁ%’n1sﬁﬁ1muaﬁ'ﬁ§mmnm‘§ugm ......................... 2

19 TUAAMTNEN N\ /. 0. N oAt WL 3

17 Swmeuntsfmi . o) i o L e e 3

unii 2 ‘nqyﬁﬁfugmmmm?eaﬂuﬁﬁumﬂmﬂ‘lu ....................................................... 4
21 msifFeuisuipinsesTa Igdnstauas Iinssant o 4

22 InSesoudamanLUE AT SR uThudia (DDF-Engine).................. 6

2.3 Air and Fuel flow in Carburetor and MIXer.........ccoiueeurinrimneeeeneeeeeeenesene 7

undi 3 e‘m?i‘l”ﬂﬁx?im%’mﬁ'um?msnuw‘i’ﬁ"?amﬁammnﬁ"msmmﬁﬁuﬁﬁuﬁwa ................ 10
3.1 Premixed Dual-Fuel with Diesel Oil Pilot.........c.ooeueiunemnneineeeieiieieineneon 10

3.1.1 Approaches to High Thermal-Efficiency in High Compression-Ratio
Natural- Gas ERGINe......cccouiiuiiiiiiiiniin ittt eanns 10
3.1.2 Alternative Ignition systems for CNG in Diesel Applications.................. 13

3.1.3 Emissions and fuel consumption of natural gas powered city buses versus
diesel buses in real city traffic...........ooeiiiiuiiiiiener e 15
3.2 Direct Injection Dual-Fuel with Diesel Oil Pilot .........ceunvvneemneineeioeieiineen, 17
3.2.1 Combustion and Exhaust Emissions Characteristics of a Diesel Engine

Dual-Fueled with Natural Gas.........coovueeeieieenie e 17

v



m3vg (e)

514 wi
3.2.5 ECOS-DDF Natural gas engine SyStem............c.uuueerneeurnesensseeese s 19
3.2.6 Schematic diagram of heat release for ENGINE. ........uvveuuneeeemneeeoneeeeoeeee oo 20
3.2.7 Exhaust gas emissions of S ECOS-DDF Natural @as engine.................uvvuenneeeeeeesonnn 21
3.2.8 Comparison of full load performance of S ECOS-DDF Natural gas engine.................. 22

3.2.9 Fuel consumption comparison base on D13 mode of ECOS-DDF NG engine...............22

3.2.10 Schematic representation of the HPDI of Natural gas injector................................. 23
3.2.11 Fuel consumption versus NOX of HPDI SYSteIM..........iemneeeeneeeeoe e, 24
3.2.12 Heat release rate results of the HPDL.........o.oiumiiiiimenioeeeeeesias e oo 24
3.2.13 Test result Of HDPI CNG & DiSeL.....uvuvuiiiieiaeeeeeieeeeees e e 25
3.2.14 Test result of HDPICNG & DIESEL....euvvivuriiniisiieeesiiesineeeeeeaeees oo 26
3.2.15 Schematic of HPDI Fuel Supply SYStemML.........uutiimnneueee st eeeesemee e e, 27
4.1 HBAINANAITYINIUYDY Diesel Dual Fuel Engine (DDF)........ooeooeoosooeoeoeooeeoe oo 29
42 1eAIgUnT oA G IUN S NATOUIASOIBUR DDF-EDI-120..... oo ooooeoooooooe oo 30
43 s00ud Toyota Hi-ace 3000 cc DDF-Engine and Pure Diesel-Engine............................ 31

1 4
4.4 S0VUAITRING W RATTSUMARURIYA Toyota Hi-ace 3000 cc Engine. ..................31
3
4.5 HAAINITAAAIOUNAYBT ABUA Toyota Hirace 3000 cc Engine. ..........osooeomeooeoeon 32

4.6 NIAAAITTUVARANNAUNAT Pressure Regulator of Toyota Hi-ace 3000 cc Engine........32

4.7 llﬁﬁ\!ﬂ']77lﬂﬂﬂﬂﬂlﬂﬂiﬂﬂuﬁﬂu!!ﬂ'u‘ﬂﬂﬂﬂﬂ ........................................................ 33
o_ o A o - a Ty @ o

4.8 !!ﬁﬂi‘i{ﬁﬂ’)ﬂf’]ﬂﬂ”lﬁ\i ﬂ’J11]!7’3‘11(’Nlﬁi’ﬂ\iUum(ﬁxlﬂiﬂxﬂﬂﬂiﬂ'lﬂlﬂ'luﬂ'W']ﬂvlﬂlﬁﬂ..........34

4.9 uaasganuRuiIe AmdIveunsesud uasinsesinlSununudenleds. ... 34

4.10 T98UA Isuzu D-max 2500 CCENGINE.......c.iuiriiniiiiii i eeeee e e eeee s 35

4.11 1A5BBUA Isuzu D-max 2500 cc DDE-ENGINC «..........o.eooooeoooooeoeooeooeooeoee 35

E 4
4.12 MIAAAITTVUAARIINAUUAT Pressure Regulator of Isuzu D-max 2500 cc Engine........36

14
4.13 MIAAAITTUVUABAWATUB Isuzu D-max 2500 cc Engine...........o.oovoveoooeo 36

4.14 HAAINITNATO VSIS OOUAUUUVUNATBU. .. oeoeeeeeoeee oo 37
5.1.1 A8 aqAVBURTBIUR EDI-120... oo 38
5.1.2 USInauuafiy HC Y0UASOOUA EDI-120. .o 39
5.1.3-5.1.5 USunmuaiy HC 295-491 kPa BMEP 48UA3090UA EDI-120........................ 40
5.1.6 USIUaTY CO YBUATOIIUR EDI-120. ..., oo 41



./ 4
a3UY (M9) nih

3.2.2 Development of the ECOS-DDF natural gas engine for medium-duty trucks:

exhaust emission reduction against base diesel engine.......................... 19

3.2.3 NOx reduction in a Directly Injected Gas Engine............ccevvnrevunnnn.nn. 23
3.2.4 Performance and Emissions of a Two-Stroke Engine Fueled Using
High-Pressure Direct Injection of Natural Gas.........ccceeceueneervnneeennnnnn, 25

3.2.5 Progresses in High Pressure Direct Injection (HPDI) of Natural Gas

In Automotive Diesel Engines..............cooveeiimerineineiaeeeeesieeeaeenannn, 27

3.3 MR IS OR BB, e e 28

UNT 4 IS MATOUIREOOU ..o 29
41 MITNATOUIAS BRI S OINA NI CNGRURITA YRS 090U EDI-120..........30

42 n1'571@'ma'usnﬂuﬁzsﬁanwﬁaNﬁuCNGfTuﬁmfammmauﬁ Toyota Hi-ace.............31

43 NENATOUIRIUATOMAW LPGAURITMYBIs 00Us Touz D-max...............35

AN 5 NIRRT NI NAROUIRIOOUT oo oo 38

. 9 [
5.1 HAATSNATBUIAS BIUAMTBINAINTUCNGAUAFAUBUATOIUS EDI-120. .....38

5.1.1 MINnaneuIaft1aigegausaunTeaUS EDI-120..........c.oveeeee.... . 38

5.1.2 msnaneudadSinauaniuein leifoveunTesoud EDI-120..... ... 39
b 4 v

5.1.3 N1SNATOUIRBAT INT AU A0 INGTIITUUBUATOWUA EDI-120........45

5.2 HANTINATBLIRS BIUA B OMBIHTICNGALR I TavEes DEUs Toyota Hi-ace.... 49
5.2.1 MINATBUIANTIGIAANNZOAT UTIUBITDOUSA Toyota Hi-ace ........ 49
5.2.2 msnareuindsnuuanivaiumen leidavssnoud Toyota Hi-aces1
5.2.3 msnaneuingungil ledauaztimaeifuvessaoud Toyota Hi-ace..55
5.2.4 mimﬁan‘Tﬂé’ﬁﬂmsﬁymﬂﬁmwﬁwmmmmﬁuéf Toyota Hi-ace.......57
53 Nﬁﬂ'li"ﬂﬁ’dﬂﬂlﬂ?ﬂ\itlu?‘{!é‘ﬂlwa\iNﬂNLPGﬁ"UﬁHfﬁﬂﬂ\ﬁﬂﬂUﬁ Isuzu D-max....... 65
5.3.1 MINAABUIAMAIGIYAYBITOOUR Isuzu D-max ........................ 65
5.3.2 prsnaasuialiuiuuaiyaiudinin leiisvess0oud Isuzu D-max...66

1 4
5.3.3 AINATBUIABATINITAUIUNDINAIIUYOIINIUR Isuzu D-max. ... .. 67



unil 6 unaginanisiteunsdaiausuus

............................................................... 72
o @ & 5'47 3 W o A
6.1 A0S AYBUATOIBUAITDINAIHA MU TAURISR. oo 72
= v o A o’dy “a o @ A
6.2 T uA1ve UnT o s o UAITBIN AN AUAT AU oo 7
. o
6.3 BATIUBURT O URITOIWAIHAUURTRURIYA oo 73
E ¥ v k4
6.4 SasMsauilisuFemdsveunsessudFamwasnanufasuiioa. ... 74
a A a 4'1 o’d’ Y W o
6.5 Uszaninmienaudouveunisssudiamanauudaiufiza. ... 74
igusi)
13UUq
& q)
PRIs] i

3} [ -

L1 uamendnmsiaveuniessudifemamauudarssunamnividea. .2
2.1 Comparison of air-standard Otto cycle, Dual cycle and Diesel cycle. All engine have
the same cylinder input conditions and same maximum temperature and pressure............... 5
2.2 Schematic diagram of heat release for Engine: (a) Spark plug type natural gas engine,
(b) Diesel engine, (¢) DDF Natural gas engine. ......cc..u.ueceoeeeeesesseeeeesassseeseeeeeeeeens 7
2.3 Schematic diagram of gas and aIT MIXET. ... oeui.irn et ee e eeee et et e e e 8
2.4 Schematic diagram of natural gas engine with miXer...........ccvivvusriieernneereereneeennnnn 9
2.5 The throttle and mixer of natural @as eNEINE.........iueimneiiinetirieeee e eesees e, 9
3.1.1 Experimental setup for Pre-mixed Natural gas with Diesel pilot..........c....cccoevvenennnnnn, 10
3.1.2 Basic characteristics of performance and exhaust emission compared with a diesel
and Spark-ignited OPETALION. .......uuerun.iiereniiieesttineeeeeeesieeen st sseaeeee e reesenans 11

3.1.3 Efficiency and exhaust emissions at increased pilot fuel amount with charge

air throttling...... - Y Bl 8412 R A o oo 12
3.1.4 Indicated Thermal efficiency versus BMEP and indicated specific NOX....................... 13
3.1.5 Indicated specific NOx and HC versus BMEP............couuitmmnieineeieeeeeeeeeeeeeennnnn, 14
3.1.6 Relation between fuel consumption and lambda for lean burn engine. ......................... 15

3.1.7 General overview of average fuel consumption and emission of the three buses in

3.2.1 Experimental setup for Direct Injection Natural gas with Diesel pilot.......................... 17
3.2.2 Combustion chamber layout of Direct Injection Natural gas with Diesel pilot...................17
3.2.3 The effect of injection timing of Natural gas of thermal efficiency and exhaust

£AS TISSIONS. «..eutituncun et eeneee et eneereneenae st sansbeeeennsennsen s ennnenneeneenaeresnnss 18

VI



M3yl (7o)

1 wih
5.1.7-5.1.9 US1auaiy CO 295-491 kPa BMEP Y8UA3098UA EDI-120..........oo..o. 42
5.1.10 USMINANY NOX YOUATOIIUA EDI-120. ..o 43
5.1.11-13 USunuuaity NOx 295-491 kPa BMEP Y89IR3098UA EDI-120........................ a4
5.1.14 SadUNTNISBINAS CNGRURIYA YOURTOWUR EDI-120. oo 45
5.1.15 é’ﬂﬂn1s§unﬂﬁ'mwﬁ'mqum?msuﬁ EDI-120.....coviiiiiiieeeeeeeee e, 46
5.1.16-5.1.18 5@%51’(1"31&Nﬁm‘%ﬁ]mﬁQCNGﬁ"Uﬁ!‘m‘UN!ﬂ?Nﬂuﬁ 295-491 kPa BMEP......... 47
5.1.19-5.1.21 6¢171ms§wﬂﬁeawﬁ'\wmumm?mﬂuﬁ' EDI-120 295-491 kPa BMEP........... 48
5.2.1 MAIGITAYBITOIUA Toyota Hirace 3000 €6 ERZIE. v vrrvervr e iveosoeooeoeeoooeon 49
5.2.2 DATUTIVBITOOUA Toyota Hi-ace 3000 cC ENGIne......ccuuvumneeneeneennaeeeeneeenesonsinno 50
5.2.3 UTmaIaTudwe9500UA Toyota Hi-ace 3000 cc Engine........oooveooooeooeoeoeoson 51
524 YSnuaiudwosngud Toyota Hi-ace 3000 cc Engine...........oocuueiineunerennnnnnnnnnnn, 52
5.2.5-5.2.7 USuainTud ¥ 500-900 kPa BMEP 4895 08US Toyota Hiace ...vevvveeeeeeeeennn, 53"
5.2.8 ﬂ'%'mtuﬂiuﬁﬁﬁnaﬂqaqmmmﬂuﬁ Toyota Hi-ace 3000 cc Engine. ...................... 54
529 qnmgﬁ'iauﬁmmzfa’y’mdmﬁwmsnsuﬁ Toyota Hi-ace 3000 cc Engine.....................55
5.2.10 aamgil lerduinsimaeiFuvessnoud Toyota Hi-ace 3000 oo Engine................... 56
52.11-5.2.12 é”ﬁﬂi’huwami’:amﬁwmmﬂuﬁ Toyota Hi-ace 3000 cc Engine.................. 57
5.2.13-5.2.14 é’m1n1s§mﬂﬁmwﬁ'«mmmmﬂuﬁ Toyota Hi-ace 3000 cc Engine............. 58
5.2.15-5.2.16 AT IUNTISOINA YOI DO Toyota Hi-ace 3000 cc Engine.................. 59
5.2.17 U5z AN miBn3 S o UVBT00UA Toyota Hi-ace 3000 cc Engine....................... 60
5.2.18 ﬂmﬁnﬁmé"?yﬁ]:wﬁa‘iﬁmﬁﬂw%ﬁﬂuqmmnssumﬁﬂi:ﬁa.................................61
5.2.19-5.2.20 6’9\71dauv¢ﬁm§emﬁwmmﬂuﬁ Toyota Hi-ace 3000 cc Engine.................. 62
5.2.21-5.2.22 é"ﬂﬂmsf?’mﬂﬁmwﬁ'mwmmsuﬁ Toyota Hi-ace 3000 cc Engine............ 63

9
5.2.23-5.2.24 8ATAIUNTNIBING S TABTIAWBITDOUA Toyota Hi-ace 3000 cc Engine. .....64

5.3.1 ANNIAVBITOOUS Isuzu D-max 4JAL-L 2500 cc ENGINC..........vovoeoereesoeoee 65

5.3.2 UTIaATUAIYBIT0IUR Isuzu D-max 4JA1-L 2500 cc Engine..............oo.o.oooono 66
5.3.3-5.3.5 UTINuATUABIT08US Isuzu D-max 4JA1-L 2500 cc Engine. .................... 67
5.3.6 5@51?7"311Nﬂmé’ﬂmadﬂlmiﬂﬂuﬁ Isuzu D-max 4JA1-L 2500 cc Engine......................68

3
5.3.7-5.3.8 8513 TUNABINTIUYOI500UA Isuzu D-max 4JA1-L 2500 cc Engine......... 68

5.3.9 UszinEniFenrmieuvessooud Isuzu D-max 4JA1-L 2500 cc Engine............... 69

v



-mstgysil (de)
A

1 4
5.3.10-5.3.12 9AT A IUNTUIFBINAIUBITOUUSA Tsuzu D-max 4JA1-L 2500 cc Engine

3
5.3.13-5.3.15 8A3 M AU 0aNA 1M U8 08UA Isuzu D-max 4JA1-L Engine

...........

................



1.1 ansudusnuazanudingyvesilam

Tutleytiuialanddalszauilgmanaunaundesnuastlynafivfifasinns
& 4 1 1 [ aw o 4 Y o
wn InfvsunTosoud  ludalsemadnldanudifyluns3Sansvafoafumwdany
A 2 Aﬂ d" a 4 ° - oy o & a A g
nauny ssnaunasssunatuysmamannsoin lsumminiusemasluniesoud
a o o A A a o Ty, a a Yo oa a o
Tho3s  uazfiefinafiviifaoinasin lwidniniviunugunioiiudion  fniasooud
uozin¥esoud  saullfainIfeluamtumsdny el anud Wiy lunis3Seuaziann
P S aw y ' P o A < A e
nIsssudunasssunanuedwunsvats Tasnilegtiugninsasud Ideenuuuiniecsud
o (Y [ - = o @ [ 9 4' ot
A MFUATTITUYIAGIU (Pure Natural Gas Engine) nazidsganannlaglfinsesudan
14 t v
duiiugu gasjamnefensifiualsz@ntnmuazavssouziiganiuasessudaia f6]
v a A d o Aaw o ° * d'sl o oo
a8 lsimueSesauduiass susassinusuiveduniidesinis i souas
Y a A .&’ 1 o 4 o ar 3 v o
wannlindszansnmnaundilegiu e ldaunsetmdsnnnldvgudnnanid
A LY é Ao Q’I’ Y 3 [ 2 $ 4
dusgluilegiu FelunsiseassiidumsfinToseudamaunsyun/fouiunsosoud
¥y - H a [ oo :, as . .
Weorndawau  Taems 1iFamdaunasssumaniuniniuAisauuy Diesel Cycle Premixed
Dual-Fuel with Diesel Oil Pilot (DDF) [1], [2]

] [Y) d =
1.2 ﬂ'J1“3&\1‘"311ﬂ!lﬁzﬁﬂi!ﬂ53ﬁ3ﬂ1lﬁﬂﬂ1§ﬂﬂ‘len

) [l

d’ "4 -~ o AA v P o ]
fissnnufasssunAiundiumaununfiegunhulszma Aadevelinmyg
o 2 = 14 aq 9t o o 3 Aa - o o c?
wineezdnyinens [dufasssunaliidseaninmundu  Tasfidngtinusasiuiitly
Y H ~ [ a o :' s . .
msAnymanmsns [Femdavaunfass At uihsiufivauuy Diesel Cycle Premixed
Dual-Fuel with Diesel Oil Pilot (DDF) fiunisssuaarauazdinsizinidensaidoves

o o T A.l kY 4:’ @ Qs (%3 1
winnsdsnarieiiudeyaiugiulunsisouasannde Iy

a =
13 THUAFIUYBINIIANY

=y A ol sldy a [+ a oo :‘ @ .
11ﬂW'H1]'(‘N!ﬂiENﬂuﬁ?’l1%!%9!Wﬁ~1ﬂﬁuuﬂﬁﬁiiﬂ‘lﬂﬁﬂlJ‘N'muﬁmfalu]‘l] Diesel Cycle

Premixed Dual-Fuel with Diesel Oil Pilot (DDF) 119z 1ndifissfuunfivuesnsssouanly

a/

gy * =) =4 (.3 = dw = 9/
UuRIrasd1@el viniinsdsulsum youFanasldinucau



(4
o

[ v 14
Mdwweuniessudnlfifomtmanuiass nnasniiufivauuy Diesel Cycle

~ ! o

Premixed Dual-Fuel with Diesel Oil Pilot (DDF) 119z ldnafiaenidideueaniossuanly

'
o & <

y t e a d @ ' o ) o
HIWUAITADIWIAYD 51"1']1]15ﬂ'J!ﬂ713"'H']ﬂﬁ71“3“"!““131’[““'{7?\1uﬂ'ﬁ'i‘lm'luuuc]llﬁ’

1.4 ngu{HsouuInanlyluniside

y ¥

o [ - 'Y =) A o ar [ [
QT“?ﬂﬂﬂiﬂui‘lﬁ’!ﬁﬂﬂ']ﬂlﬁZﬂQHgﬂﬂﬁ!ﬂiﬂ\wuﬁﬂuﬂ'lﬂﬂ']ﬂeh«l AWNANNIIIRING
A o (-3 ' o Qt 5 a 1 4 ) A
ﬁmm Wﬁiﬂﬂqﬂf‘hﬂ'li')ﬂ!!ﬂgﬂ'lu']mﬂ'lﬂ']ﬂ\?‘llﬂ\uﬂ?ﬂ\wuﬁ’ ﬂﬁ?]ﬁ?ﬂﬂﬁﬁ!%ﬂ!ﬂﬂﬂﬂﬂﬂ'\ﬂ'lﬁ

s t: A &' a a A o A (4 a A a
E]ﬁ?'lﬂ'ﬁﬂu!‘l]ﬁﬂdl‘ifﬂmﬁﬂ ‘l.lizi’ﬁ’l‘ﬁﬂ'IW!‘INﬂ’J'm'%’FJWUEN!ﬂiﬂ\wuﬁ HANHNINAVINNTTIAN

Tns¥ iludu

A 1 A o o as A
1.5 ﬂ'liﬂr‘;ﬂ‘ﬂﬁ'lfﬂ]ﬁzﬂ?R'I'Jﬁﬂ'Iﬁ'ﬂu]&ﬁuﬁﬂﬂ’lﬁﬂ’lﬁ!ﬂﬂwu§1u

¥ ¢ 3

ay o da o o aq 2 A I o A
115298R3IIMANA I NANDINITAS NUFIMVBuRTBauamran IAeidTuns 14
dy o o~ o A (24 a o :’ @ A 9 9/ o L2 A o
Fomteaesriiaswiuasunasssusaduiniuara ludsam Infiferdu Fiivdnnms
14 ]
fugfeunasssunAgnaenndufasssnwd (Nawral Gas Tank) ARAWRUYsEINM
180 @13 200 w15 FIUYAARAIMAY (Pressure Regulator) THRIMAUMABY SR LAY
UTTHINE A YIRANAUDINIEAI8QUns BN ST TUTIANUBINIA (Gas Mixer) NV
Mud191019 (Air Intake Duct) fiourdiear vl (Combustion chamber) #3s1vazidoaly
o 4 Ao w L 9 o > ot
U L1 unasssunanueneszgnea luteum Indammdnnsveunsesoudara tag
¥ l vy b4
gnyasziiafaoiniudea (Diesel Oil Pilot) fignialusinarinesnuun 1y ndinmiv

14 ad o :' o« ] ci - g/
ufirsssuanvzgarn Il liwdeugfniviufisadufimdssusuvuiumsimn Tud

DIESEL TANK
}) e DIESEL PILOT INJECTION
. . GASMIXER
EXHAUST GAS “ : . AIR
GASFLOW METER
EMISSION CHECK
DIESEL INJECTION PUMP
PRESSURE REGULATOR
DYNAMOMETER GAS TANK

v [ k4 ¥
JUN 1.1 uaaandnnsyhauvsunTessudiFemawauufass sunanuiniufiea



1.6 VBUIVANTISIDY

] ¥ ¥

MININATOUIATBIWUAAZINIUA  ANANNITVBUATOITUAIFRINASHaNI R Y
v
W uAIranLIY Diesel Cycle Premixed Dual-Fuel with Diesel Qil Pilot (DDF) agiin1s
- 'd <L = o Ay = Ay - ) a 9)
AnseRranInadeLlTaumeuas s duteuFemas  UTusuadiveinnsen lud

v 1] v 9

HazMAevBunTeaus JRsizimsandiunauimnauveuFemasamiuamany

- o/ 4 le H ¥ = o L4 N
uResssNAE dmiuine: Tnaatiuq meidudeyatugulunsiSouasRannde

1.7 TUABUVBINISANHN

a ~ Jd o g ¥ v 4’1’ o A
Ingrimuiativitldutuiionisendlu 6 umdlsiude
undl 1 mawfunnvesanise yasjamunouaziagiszasd voumavesns3se
unfl 2 nguiiniessudduanmelu
A aw 44 s 3 A (4 A” a (4 Ao :’ o o
uni 3 ulTiingIdesi LRI BeuAIrBINI R TNIN T s s SURN U T uRIYa
a A 4 4
UNA 4 ITNITNAABUATOIOURA
unii 5 MsdmswinanisnadeInTosoud

uni 6 unagilnanisItounzoiaueiiuy



UNN 2

=\

& 4' d
WU IHvRANIBIB AT U1 N8l

@ 9 g J =2 dAy 1 4' o o/ = 4’1’
°1um~uau%:nm'mmqygwugmmqqmmmm\wumuﬂnJmtflumﬂuwugmim

& a’ﬂy a [ a o 3’ LY & o/ Aaw 3 dy
AT UAIYDINITIVUNTBITUBIONUUIWUAIYD cmnﬂum*ﬁ'a‘lumnwmw
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Diesel and Dual cycles) [7]
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gﬂﬁ 2.1 Comparison of air-standard Otto cycle, Dual cycle and Diesel cycle. All engine
have the same cylinder input conditions and same maximum temperature and

pressure.
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yHARD Spark plug type natural gas engine, Diesel engine and DDF Natural gas engine.

2.2.1 The combustion of spark plug type natural gas engine
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2.2.3 The combustion of DDF engine
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3‘]Jﬁ 2.2 Schematic diagram of heat release for Engine: (a) Spark plug type natural gas engine,
(b) Diesel engine, (¢) DDF Natural gas engine [4]

2.3 Air and Fuel flow in Carburetor and Mixer [7)

The air flow through a venturi throat can be written:
Ma = (Cpiapy/V RIG) @¢Py) VMK (eLyift-(byPy) (1) 12
where: Cp = discharge coefficient of venturi throat

Aq flow area of venturi throat

To, Pp = ambient temperature and pressure

Py throat pressure

R = gas constant
The pressure differential in the air will be:
Ap, = Py-P,=P;-P,
where: Py = the surrounding pressure

Py

the pressure in the throat



Pressure differential through the fuel capillary will be:

APf = APa - pf gh
where: pf = density of fuel
g = acceleration due to gravity

Il

h height differential in the fuel capillary tube

Liquid fuel flow through a capillary tube is:
My = Cpede vV e APy)
where: Cpe = discharge coefficient of the capillary tube
A. W/(ZWAPf )= cross sectional flow area of the capillary tube
The air-fuel ratio supplied by the carburetor can be obtained:
AF =0t /0 = (Cpy/ Cpe) (45 /g ) (palop) V2 Q|
with Q = [AP, / (AP, - pr gh)] 112

[T = {Tk/G-DI(PyRg) 2K - (P/Po ) HDK Y11= (PP )1 172
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3‘1]‘7! 2.3 Schematic diagram of gas and air mixer [11]
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gﬂﬁ 2.5 The throttle and mixer of natural gas engine [12]
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Premixed Dual-Fuel with Diesel Qil Pilot [1], [2], [8]
Direct Injection Dual-Fuel with Diesel Qil Pilot [3], [4], [5], [9], [10]

3.1 Premixed Dual-Fuel with Diesel Oil Pilot
3.1.1 Approaches to High Thermal-Efficiency in High Compression-Ratio

Natural-Gas Engine, [1]

71 International Conference and Exhibition on Natural Gas Vehicles NGV2000, October
2000 Yokohama Japan, Kyoto University and Fukui University of Technology
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HnzInTesuAYAsZITindaun1350 (CI Engine) Tuﬁf:ﬂzndnﬁemm:m%mw‘ﬁms:zﬁaé’w
M139AUL Premixed Dual-Fuel with Diesel Oil Pilot in a Diesel Engine (DDF) 5111 Pilot
diesel 10mm3/stroke (an equivalence ratio of 0.17) 112 Injection timing 10 degree BTDC.
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gﬂﬁ 3.1.1 Experimental setup for Pre-mixed Natural gas with Diesel pilot [1]
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§ﬂﬁ 3.1.2 Basic characteristics of performance and exhaust emission compared with a diesel

and spark-ignited operation [1]
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gﬂﬁ 3.1.3 Efficiency and exhaust emissions at increased pilot fuel amount with charge air

throttling [1]

(4) mmmaﬂﬂ?mm‘1aTﬂﬁﬂ15’11au'ﬁnﬁﬂmnnmm'lwﬁ"lajanyﬁﬂ (Unburned HC) #ins2
TnaadidahunmanazaaUSinunius (Smoke) 'ﬁmi:Tﬂaﬂqa"lﬂ"immsﬂ%"mmmm
Waialinauienisnszaredveniniu 8y (Nozzle orifice 0.24 mm and plunger
0.75mm) ¥ I¥mswn lndffiawauysainaiu

(5) #inszInaad (Low equivalent ratios) n151iu153194404 Pilot diesel ‘Iﬁ'mni‘fummsﬂ
wdszaninmmenawdeunazdsannsoaniina lode 1880

©6) awnsatlestunisiien (Knock) isasidrunaneInAdedemainun (High equivalent
ratios) 14 1asm1saalFuna Pilot diesel 1ifosaamsrzozsinlinizien Tud ligunsaduly
(7) @ws mﬁnth J0AYBY Equivalent ratio (Upper limit of equivalent ratio) ‘ﬁgﬂﬁm‘uﬁfh

Tasmsfiendaenismiunuesansgaseiiia (The pilot injection timing) TNz
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3.1.2 Alternative Ignition systems for CNG in Diesel Applications, [2]

12" International Pacific Conference on Automotive Engineering, April 2003 Bangkok,
Melbourne University
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Pure Diesel, Premixed Dual-Fuel with Diesel Oil Pilot (Diesel pilot ignition: DPI), Spark
ignition (SI) and Hydrogen Assisted Jet Ignition (HAJI) ‘luﬁf:ﬂzﬂa'nﬁmmuunus iy

inFessuaduILUR 1 dnaney 658 55 Compression ratio 16.5 1IN 1INAABUIAZIAY
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3 19 3.1.4 Indicated Thermal efficiency versus BMEP and indicated specific NOx [2]
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gﬂ‘ﬁ 3.1.5 Indicated specific NOx and HC versus BMEP [2]
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3.1.3 Emissions and fuel consumption of natural gas powered city buses versus
diesel buses in real city traffic, [8]
Vito-Flemish Institute for Technological Research, Belgium
aw [ Y o a o 4' o ' A
!ﬂ‘uﬂ'li?ﬂﬂ!!ﬁzwmu'lﬂ'lii‘lﬂ!ﬂﬁﬁ551]‘51?"11]!?158\1?1“% Tmumeamflumuﬂquﬂa
Pure diesel bus, Stoichiometric CNG bus 118% Lean burn CNG bus
v £
sotanldnaaeuninuaiinamen 12 was Tasil Gross weight 19 tons A1dIV8Y
A d v v < I da aa . o v
INTDIYUABYITHIN 150 D9 200 kW !ﬂuiﬂﬂuﬂ!ﬂﬂiﬂﬁiuuﬂ (Automatic transmission) H#
athﬂsﬁmuﬁaﬁmmuﬂndnmm Gear ratios
Diesel bus: Direct injection diesel engine with mechanical diesel pump
Stoich. CNG bus: Multi-point injection CNG engine with closed loop stoich. control

Lean burn CNG bus: Central gas mixer CNG engine with closed loop lean burn control

Lean burn CNG engine: fuel consumption vs.
lambda (vehicle tests - real city)

0.8 T T T T T B

o ~ o o
[ — = (s}

Fuel consumption (g/s)

3ﬂﬁ 3.1.6 Relation between fuel consumption and lambda for lean burn engine [8]

7% 3.1.6 17A309A1 Lambda 84 Lean burn engine Taoyimsmiuausasidaunay

9 v ¥ ¥V 1 v
omadeemalszine 1.4 Ndanmsdunlfeudemasgey eflezamSinuuaiiy
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4 v ] a a
TuTasioueenlad (NOx) naneassdwiinanmsavaelSuawaislalasmiveu (THC)

¥
nazilszansnimms 19 %aimag

Diesel bus Stoich. CNG Lean Burn
bus CNG bus
Fuel cons. V100 km 62.8 73.5 % 832 %
CO, g/km 1633 1475 1634
CcO g/km 3.5 0.7 0.8
THC g/km 1,7 0.2 p
NO, g/km 15,2 1.8 25.1

* expressed m dieselequivalents (35700 kKJ'T)

gﬂﬁ 3.1.7 General overview of average fuel consumption and emission of the three buses [8]
Wndvedmzinazasy i
(1) AATIAIUNTIBIN IAADITOMAYEY Lean burn engine 1A011A1 Lambda #1199 119545
Aegitlszanm 125 1.4
(2) 1ATOAUAURIRITUFAILY Lean bum engine ey luTassuesnlad (Nox) e
A UATBIBUAANAING1Z Lean burn engine IMstH iUy Stratified Y9483 Diesel spray
fidemasunedauiidaumauiin (Locally rich) wlfinanuwluifigunss samging
i Insfgaarin it Tu Tassueen lud (Nox) innasiinm Tugae
(3) 1ATEBUAIAAFTTUTIANUY Stoichiometric cngine Tinmuafin lulasiousenlad (NOx)
@niunsesouamira (Pure diesel engine)
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3.2 Direct Injection Dual-Fuel with Diesel Qil Pilot

3.2.1 Combustion and Exhaust Emissions Characteristics of a Diesel Engine Dual-
Fueled with Natural Gas [3],

7" International Conference and Exhibition on Natural Gas Vehicles NGV2000, October
2000 Yokohama Japan, Waseda University
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3 1 3.2.1 Experimental setup for Direct Injection Natural gas with Diesel pilot [3]
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§1Jﬁ 3.2.3 The effect of injection timing of Natural gas of thermal efficiency and exhaust gas

emissions (Engine speed 1,280) [3]
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3.2.2 The development of the ECOS-DDF natural gas engine for medium-duty
trucks: exhaust emission reduction against base diesel engine [4],
JSAE review 22-2001 December 2000, Nippon Ecology Work System Corp and

Alternative Fuel Systems Inc.
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gﬂﬁ 3.2.4 Ignition method of Natural gas mixture for CNG Engine [4]
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g‘dﬁ 3.2.5 ECOS-DDF Natural gas engine system [4]
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gﬂﬁ 3.2.6 Schematic diagram of heat release for Engine: (a) spark plug type natural gas engine,
(b) diesel engine, (c) ECOS-DDF Natural gas engine [4]
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gﬂﬁ 3.2.7 Exhaust gas emissions of S ECOS-DDF Natural gas engine [4]
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é%Tﬁqﬂumémﬂuﬁﬁumﬂmﬂiu (Internal combustion engines)

(6) The ECOS-DDF natural gas engine iuszuufifinnmmumunaziiengmisIdauiigann
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gﬂﬁ 3.2.8 Comparison of full load performance of S ECOS-DDF Natural gas engine [4]
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§ﬂﬁ 3.2.9 Fuel consumption comparison base on D13 mode of ECOS-DDF Natural gas eng. [4]
3.2.3 NOx reduction in a Directly Injected Gas Engine [5],

Westport Innovation Inc. and University of British Columbia
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§1Jﬁ 3.2.10 Schematic representation of the HPDI of Natural gas injector [5]

indteTnnezinazagl i

A o 9 & = [ d' 3 | By [
(1) 180313100 1117 (Combustion rate) 1IABINUN Pilot Diesel 10% TaalFuinmasnusy
wuhaunsaaalimaans lulasisuesnlud (N0 ) T8dszinu 40%
(2) HPDI Engine 1198351015161 1113 (Combustion rate) Indifsasumarn nsiveunsesoud
Ara nazmsimua WAy luialanjection Delay 1agn1sanll3ana pilot ignition vx¥in 1w

o A _ _~
sasmaen Tviilianuguisafesas FdinaTaoasaiisnamaiy No_anasld



el L 1 1
~#=Diesel Baszline

250 O HPDI18% har GIF w int |-
z * —=HPDI 168 bar GIP w Int
Z e -
= \ N
et
=
. Bhbe oy
&7 B 5 . 2
£ i | Sy ks
g = =

a0

2 4 ¢ 5 i 32 14

Q% [g/=W-hr)
Trade-off between fuel consumption and NO,

emissions for natural gas and diesel fueling. 8.96 bar
BMEP. 1260 RPM.

§1Jﬁ 3.2.11 Fuel consumption versus NOx of HPDI system [5]
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§ﬂﬁ 3.2.12 Heat release rate results of the HPDI [5]
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3.2.4, Performance and Emissions of a Two-Stroke Engine Fueled Using High-
Pressure Direct Injection of Natural Gas [9],

Westport Innovation Inc. and University of British Columbia
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Figure 2 - Fuel flow of pilat fuel and CNG on an diesel equivalent
energy basis, and relative amount of pilot fuel (on an energy basis).
Gas injectionof 165 bar and 1260 RPM.
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Figure 3 - Thermal efficiency of HPDI of NG compared ta that of diesel
fueling (1260 RPM).
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Figure 4 — Nitrogen oxide emissions of HPDI of NG compared to that
of diesel fueling (1260 RPM).

3UN 3.2.13 Test result of HDPI CNG & Diesel [9]
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diesel Fueling (1260.RPM).

(&)

an £
W A ¥

|

| 5 Diesel Baseline |
| ® HPDI-165 bar CNG | |
{mHPDI 185 bar CNG |

1.5 4

NMHC (g/bhp-hr)

L e £ C

N , :
0.5 ,., & 1
0 + e i e -57_«_,_, ,,g:.\, — _&\, e J
1 3 5 7 9 11
BMEP (bar)

Figure 7 — Non-methane hydrocarbon emissions of HPDI of NG
compared to that of diesel fueling (1260 RPM).

31N 3.2.14 Test result of HDPI CNG & Diesel [9]
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3.2.5 Progresses in High Pressure Direct Injection (HPDI) of Natural Gas In

Automotive Diesel Engines [10],

Westport Innovation Inc. and University of British Columbia
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§1Jﬁ 3.2.15 Schematic of HPDI Fuel supply system [10]
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HC (ppm) HC Emission of one cylinder 624 cc EDI Engine at 295 kPa BMEP
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—{— Pure Diesel -~ DDF, original
- DDF, Diesel 90% of original ~® - DDF, Diesel 80% of original
& DDF, Diesel 65% of original

3141 5.1.3 USuranaity HC 295 kPa BMEP v84IR3998UA EDI-120

HC (ppm) HC Emission of one cylinder 624 cc EDI Engine at 393 kPa BMEP
400
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200 R & e ‘%‘0 ------- ]
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Engine rev.
1000 1250 1500 1750 2000 (rpm)
—0— Pure Diesel - -- DDF, original
+O" - DDF, Diesel 90% of original =@ - DDF, Diesel 80% of original
“ & ° _DDF, Diesel 65% of original

31N 5.1.4 /Snmuaiy HC 393 kPa BMEP 9 4A39481@ EDI-120

HC (ppm) HC Emission of one cylinder 624 cc EDI Engine at 491 kPa BMEP
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1000 1250 1500 1750 2000 (rpm)
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nanisnaaeuIanTinauaiy co naasluzii 5.1.6945.1.9

CO (ppm) CO Emission at each load of one cylinder 624 cc EDI Engine
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CO (ppm) CO Emission of one cylinder 624 cc EDI Engine at 295 kPa BMEP
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.::;':: ...... .‘:a;:;a;(g ,,,, U""“““ ____________
b ST ARl Teaa ey a‘."‘.‘.e ...... a
0.10 2 -
O— 0 o LA | Vel iLL
0.00 T T I T Engine rev.
1000 1250 1500 1750 2000 trpi)
—{— Pure Diesel ---M-- DDF, original
-~ DDF, Diesel 90% of original "~ "®°° DDF, Diesel 80% of original
“#& - DDF, Diesel 65% of original
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CO (ppm) CO Emission of one cylinder 624 ¢cc EDI Engine at 393 kPa BMEP
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314 5.1.8 Saaumaiiy CO 393 kPa BMEP 98413 848UA EDI-120

CO (ppm) CO Emission of one cylinder 624 cc EDI Engine at 491 kPa BMEP
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1000 1250 1500 1750 2000 (rpm)
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314 5.1.9 USinasaity CO 491 kPa BMEP 4841A584tUA EDI-120
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HamsnaaeuianlSinamaiy Nox nanslugzii 5.1.10 89 5.1.11

NOx (ppm) NOx Emission at each load of one cylinder 624 cc EDI Engine
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& " DDF, Diesel 65% of origial
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}\IZC())S (ppm) NOx Emission of one cylinder 624 cc EDI Engine at 295 kPa BMEP
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NOx (ppm) NOx Emission of one cylinder 624 cc EDI Engine at 393 kPa BMEP
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NOx (ppm) NOx Emission of one cylinder 624 cc EDI Engine at 491 kPa BMEP
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314 5.1.13 USinauna iy NOx 491 kPa BMEP 4841A3048%U@ EDI-120
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BSEC (JJkW-hr)

BSEC at each load of one cylinder 624 cc DDF-EDI Engine
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4.2 MINaaauInsHAlYaINaINal CNGRUAIYa YB33D8UA Toyota Hi-ace
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BSEC (JkW-hr) ~ BSEC at each load of one cylinder 624 cc EDI Engine
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BSEC (J/kW-hr)

BSEC at 295 kPa BMEP of one cylinder 624 cc DDF-EDI Engine

CNG fuel-DDF Engine
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BSEC (J/kW-hr) BSEC at 393 kPa BMEP of one cylinder 624 cc DDF-EDI Engine
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25000

BSEC at 491 kPa BMEP of one cylinder 624 c¢c DDF-EDI Engine

20000

15000

10000

5000

0 T T

1000 1250 1500

T Engine rev.

1750 2000 (rpm)

~~0~ Diesel origina-DDF Engine
®  Diesel 80% of originaFDDF Engine
' CNG fuel-DDF Engine

Diesel 90% of original-DDF engine

A Diesel 65% of originaFDDF Engine

] ¥ x
31 5.1.18 SandummnFemas CNGRUAIAYEUATEIEUA EDI-120 491 kPa BMEP

47



BSEC (J/kW-hr) BSEC at 295 kPa BMEP of one cylinder 624 cc EDI Engine
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BSEC (J/kW-hr) . BSEC at 393 kPa BMEP of ene cylinder 624 cc EDI Engine
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BSEC (J/kW -hr) BSEC at 491 kPa BMEP of one cylinder 624 cc EDI Engine
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Time (s) Acceleration Comparison of Toyota 3000 cc Engine
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5.2.2 minaaeinlinasanivaJusanleidavessaeud Toyota Hi-ace

Smoke (ppm) Smoke at each load of Toyota 3000 cc Engine
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Smoke (ppm)

Smoke at each load of Toyota 3000 cc Engine
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gﬂﬁ 5.2.41Smuaiudvessnoua Toyota Hi-ace 3000 cc Engine
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Smoke (ppm) Smoke at 500 kPa BMEP of Toyota 3000 cc Engine
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Smoke (ppm) Smoke at 700 kPa BMEP of Toyota 3000 cc Engine
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Smoke (ppm) Smoke at 900 kPa BMEP of Toyota 3000 cc Engine
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Smoke (ppm) Smoke at maximumload of Toyota 3000 cc Engine

10
8
6
4
2
60 70 80 90 100 Speed (knvhr)
L] Pure diesel of Diesel Engine B DDF CNG and Diesel

71U 5.2.8 Usundus M Inaagaqave 308U Toyota Hi-ace 3000 cc Engine

gt o a A o’Ay a v A u'.q’ a
WINMAIgaTa IneTInveIRT oo UABIMAIH AN AN I IATBIEUAI FRIMAIAIa
' = 1 a a @ o @ =y v A LG \ = [ o
p01wAYY nAlsunaNuadudIndulisigeniuniesudanedminn e 5.2.8
a a s A g & o Y o M é’l’ a 3 A A @ a
mazlTnuamanmuvwinnah iMeas iduemasdesmeagavy siledeuiuliu
a d‘l d'sl [ 2 =1 o 9y a = ° Y a
21MANAAANNBIINYRUNUNALIRE Felina TasasuihiSuaeendiouanas i ldine
] o [ % d' 3 o [ ° J 9
st il ey el ludasmgedin PSunua fusganauuam hide
(R =4 9 a oA a 9 a J '
uaede s TumsldauTimsg Ivaagunng Tasdadndudadulusienm
- g A v H 9 d' £ d’ o) s 9 aé a1
esduniesandumsisaumisonn slemennvaningInaaldnulnadedilsnm

o o a w 2 S oA
ﬂ’mﬂﬂﬂﬁ!ﬂﬂﬁﬂmﬂiBdﬂuﬁﬂlﬂfﬂﬂﬂwmm



55

5.2.3 minaaewingurngilleidauaziivaeiiuve 13598ws Toyota Hi-ace
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Temp. of cooling water and exhaust gas at 60 km/hr
Temperature (°C) of Toyota 3000 cc Engine
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B Exhaust temp. of DDF A Water out temp.of DDF
U Exhaust temp.of Pure diesel A “'Waterout temp. of Pure diesel
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Temp. of Cooling water and Exhaust gas at 80 km/hr

Temperature (C)
of Toyata 3000 cc Engine
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5.2.4 MInaaey IAonIMsaulae Ina11uYeIIREUA Toyota Hi-ace
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BSEC BSEC at each load of Toyota 3000 cc Engine
(kJ/kW-hr)
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Energy (kJ/s)

Energy consumption at each load of Toyota 3000 cc Engine
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BaRC BSEC at each load of Toyota 3000 cc Engine
(kJ/kW-hr)
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Energy (KY's) Energy consumption at each load of Toyota 3000 cc engine
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Energy (kJ/s)  Energy consumption at 500 kPa BMEP of Toyota 3000 cc Engine
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Energy (kJ/s) Energy consumption at 500 kPa BMEP of Toyota 3000 cc Engine
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— @ Pure diesel of '"GAS OFF'
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59

v oA ' & v ;’,’ 4 o g a
il']ﬂﬂﬁﬂ'ﬁ'ﬂﬂﬂﬂﬂﬂ'ﬂ'ﬂﬁﬂ']iZT'ﬂﬁﬂﬂT‘uﬂﬂ']\?‘]f’N"iN!‘Vﬂ'l—lu !ﬂ?ﬂ\iﬂﬂﬂ!‘ﬁﬂ!ﬂﬂﬂﬂﬂu

¥ v ' ¥
nnsauldsmdsnulndifssiuniessudnlfivemasdasdium@er duaaslugl

P =
N 5.2.15095.2.16



60

3 0,
Efficiency (%) Thermal Efficiency of Toyota 3000 cc Engine
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Energy Energy consumption at 500 kPa BMEP of Isuzu 2500 cc Engine

consumption (kJ/s)
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Energy Energy consumption at 700 kPa BMEP of Isuzu 2500 cc Engine
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Energy Energy consumption at 900 kPa BMEP of Isuzu 2500 cc Engine

consumption (kJ/s)
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Energy Energy consumption at 500 kPa BMEP of Isuzu 2500 cc Engine

consumption (kJ/s)
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Energy Energy consumption at 700 kPa BMEP of Isuzu 2500 cc Engine
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Energy Energy consumption at 900 kPa BMEP of Isuzu 2500 ¢cc Engine

consumption (kJ/s)
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BSEC BSEC at each load of Isuzu 2500 cc Engine
(kJ/kW-hr)
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Efficiency (%) Thermal efficiency at each load of Isuzu 2500 ¢c Engine
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BORE BSEC at each load of Isuzu 2500 cc Engine
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BSEC BSEC at each load of Isuzu 2500 cc Engine
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Smoke at 500 kPa BMEP of Isuzu 2500 cc Engine

Smoke (ppm)
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Smoke at 700 kPa BMEP of [suzu 2500 cc Engine
Smoke (ppm)
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Smoke at 900 kPa BMEP of Isuzu 2500 ¢c Engine

Smoke (ppm)
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Smoke (ppm) Smoke at each load of Isuzu 2500 cc Engine
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Cost (B) Fuel consumption by cost of Toyota 3000 cc 107 km Road Test
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Abstract

The objective of this paper is to study and develop diesel
engine for the use of dual fuel of gas and diesel. The fuel used in
this study consists of both LPG and CNG. The concept is that
gas and air are mixed at the air intake duct and the combustion

of air-fuel mixture occurs after the ignition of diesel. The engine

used for LPG is four-cylinder four strokes of diesel engine, 2499
cc, with no adjustment for amount of diesel injection. For CNG,
similar engine of 2986 cc is used, with the reduction of diesel
injecion amount. The maximum engine power, smoke of
exhausted gas end fuel consumption of combustion are
measured and compared to the test result of pure diesel engine
at each different load. As the result, the maximum engine power
of dual fuel is higher than that of pure diese! about 8.5 percent.
The smoke of exhaust gas of dual fuel is higher than pure diesel.
The ratio of LPG to diesel by energy for dual system is 14 to 86.
By comparing total cost of dual fuel of LPG to pure diesel, the
dual fuel shows about 35 percent lower figure.

Keywords: Dual fuel, Gaseous fuel, Diesel engine
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