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Emad Elnajjar, Mohamed Y. E. Selim, Farag Omar
Mechanical Engineering Department, UAE University
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Model Ricardo E6

Type IDI with the pre-combustion
chamber

Number of cylinders 1

Bore 76.2 mm

Torque Capacity Max16 N.m

Stroke 111.1 mm

Swept Volume 0.507 liters

Max, Speed 50 rev/sec (3000 rpm)

Max. Power, Diesel (CR 9.0 kW, Naturally Aspirated

= 20.93)

Compression Ratio (CR) Max. CR 22

Iul'ertion Timinﬁ Variable, 20°- 45° BTDC

K1, IOV DMHER
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Fig. 2. Tvpical (a) SPL diagram for backsround. motoring and combustion noise levels, (b) motoring cylinder pressure and pressure
rise rate diagram, (c) cylinder pressure and pressure rise rate diagram, and (d) cylinder pressure and pressure rise rate diagram with
knocking
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Fig. 3. The effect of engine speed on the (a) the engine pressure rise rate with respect to engme crank angle, (b) generated over all
averaged sound pressure level, (c) the optimum crank angle corresponding to maxinmum pressure rise rate, and (d) the optimum crank
angle corresponding to maximum cylinder pressure. For CR= 22, IT=35°BTDC and T=9+1 N.m.
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Fig. 5. The effect of Engine Compression Ratio on the (a) the engine pressure nise rate with respect to engine crank angle, (b) the
generated over all averaged sound pressure level, (c) the optimum crank angle comresponding to maximum pressure rise rate, and (d) the
optimum crank angle corresponding to maximum cylinder pressure. For N= 20 rev/sec, IT= 35" BTDC and T=9+1 N.m.
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TABLE I
Fesults at common variables (N=20 rev/sec, IT= 357,
T=9+1 N.m and CR=22) for all the test

Fuel Case (dP/d9),.. SPL 0 (apabmax  Omax

Type Bar/deg. dB deg. deg.

Diesel Varable N 6 85 -7 1
Variable IT 6 85 -7 2
Variable CR 6 86 -7 2
Variable Load 6 85 -7 2

LPG Variable N 88 -6 1
Variable IT 88 -6 1

1

1

Variable CR 38 -6

7
3
8
Variable Load 7.5 88 -6
3
6
7
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NG Variable N 87 -6
Variable IT 85 -6
Variable CR 86 -6
Variable Load 86 -55
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1
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Fig 8. The engine pasinmm pressure rise mie with respect to engine crank angle vs, the penerated overall averaged sound pressure level. For all operaning
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2009), TaTILTa—TISATALIE, PHENVREEDHEHET, EEELERBREYVOHHE
ARIBIZEHD . BEUOTL—FRMELNKEZIND, D/ SAOYMNREIN K BB R VTR
DOMREEEB|EHECT, BHICT A7 Ta—TIV AT AIZBOERHESLN, ERESIEDETE
BEBRTOELVHC & CO nEEHEIZEERITENTINS,

EERTE, SMOYMRE OB EE B ILERBADRIHETEIN. BERTEERK
BERBEICE S TRELNTND, £, BERTONREFHEORMEL, /1O YMAR OE ST
HZRAR T HFICLO>THETDIENTED, METRALKRCEERAE T HETTI VD UHE
BN @M B (Heng, 2008),
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LPG BB OBFBHIIRTICELE TV D, COMBEREAT DT DVICIEIUATOREL BTN
5

SWRMEELRS BRETE, 1.6Mpa~2MPa THIL T 2D TEHEIZ[FARATES,
S[ED, PREBHRITEE T DOTRIFELL TV, £z A2 MIck>T/yFy
FIRZ MFE =<V (Saleh, 2008),

LPG 1ETA—EBILIZHEARTREHND BN D, BRIZTTERBTIIENTED, -,
BIERANICERET 59 I BERBT LN TES(Benea, 2007)

HRBEHE, TPV EERERRLGV, BOEE RO #BEEMN D70 QN 2007),
LPG &, VNP, BICBNNRET D, Fiz, TA—EILELRT/T—HME
WD BIC/STO—&EB5EI21=-{SADBEE EE T 5,

Property Diesel LPG
Calorific value , kKJ/kg 44500 50000
Self ignition temperature, °C 725 525
Boiling point range . °C 260-320 -34
Ignition delay period. s 0.002 -
Flame propagation rate. cm/s 10.5 83.7
Flame temperature, °C 1715 1985
Surface tension, dynes 32
Viscosity at 39 °C. centistokes 2.7 -
Specific gravity at 32 °C 0.83 0.43
Sulpher content by weight. % 0.8 0.0112

= 1. LPG R D%

D& LPCOFAERRKEF A TEDLICIUS Y DIRTA—R—E WA T DINEND D,
SEOMENERBEMNIE. BEHEEREOIT ETHD, TDE, COEHICHEI R, BEENTA
— LIV ETATILTA—TIL VAT AIZHELE, BMEOERIE LPG 30%—TFT1—E L
70%#& L%, LPG 60%— T 14—l 40%ZHEL. TS MREEBEH B E ST 7=,

REBROFIE

4 [El%, Ricardo E6 MESHE. BMEEN T —EILIVOVIVPVERELZ, TV VD
MITE 2 12FEDHF=, COITD2DI)FT—~YRIZIE, Ricardo Comet Mk V compression swirl
DOBREENFBINTHEY., COBRES X T LIZIE 2 DOEBHNH D, & 1 Z5i%. Swirl chamber T
Hd, LF DB T, FTEREEOAHESORNBEREZBL TV A —LBET D, F 2 HBlE
EXNAYRIZERIRZZ RN LN TND, BUESNEZIVDUIE, TA—EILDHATET—EIL-
LPG Ta7IIL-TJa—TICEEFNT B, TAT7INT1a—TILV AT LDBE . LPG BEHIARATH
T2k TAVTAIRZAR—ILRIZEFY, KQELVEHNZESVEATEFEIND,

Model Ricardo E6

Type IDI with the pre-combustion chamber
Number of cylinders 1

Bore % Stroke (mm) 76.2x111.1

Cycle 4-stroke

Compression ratio From 5 to 22

Maximum power (kW) 9 naturally aspirated

Maximum speed (rpm) 3000

Injection timing Variable

R2. IVSUDMHERE
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REBROEBHARIER 1 ITRINTWND, TUIUE 22kW (420 VOBKB HtHZERIN -,
2 DDAV (OL ARG AL ZRAVIZNILT AR BEINTOT, BEOETEAN TS,
NILTHEEIL TRB OB EZEIT-YBASH YL T, RESFEF>TT—EILOFREMNAIEIND,
LPGOAIF. TR EAFH RSN -EFHEEBRBICERIN LTI T ARE;EANT
BESND,

Z2RBIEYDORE (NOX) ., KREL KKK HC), CO2 & CO DHEEZFTH=HIZTILF
HRAE—F 4880 OHHET FIAYNERHIN, COEBEIL. NTHXYR [2HD Central
Organization for Standardization and Quality Control CiREIN 1=,

Gas Ar filter Diesel tank Cylinder .
cylinder . - PC Based Duta
with faess. sysem Pressure Acquisition
Svate
regulator » ysiem
7 Viscous
flow ai Crank
AN oW air
meter Angle
—

Test Engine - Dm »
Gas flow 4& Ricardo E6 yRamomeler

meter >

1. REBROEK

IO VEREL. IO UOEEMN 60°CELCRERU, AHIKEEAD 70°CE5CIzHo=A
TEREEIBLE, LLTTO/NSTGA—2—THEL=:

1. BREOBEE . T —HEILDOHET—EIL-LPGTaTIL-Ta—TII

2. IO ENIX. ARELASTILO—RET

3. NAOYNMRE(Ta—EIL) DEE 24245 % BTDC 20° ~ 45° % 5° 9 DO#HBL=
4. T EIEFIE 1000 rpm A5 2100 rpm £THERLE=
. TA—CILOHFTHEEL, KIZ LPG(30%). &x#&IZ LPG ey

60%) DT 2T INTa—TIE—RTHRELZ, TA—EILBREEDLGHIZ
LT, MIEENEALTBHICE[ELHICTMUAARL, £, TP VA
g% 1500 rpm = 20 rpmIcRE, BRELTIV U MERECHEHES
Hof-, TV UREHE —FICHRE RLICERETILO—RETHEDLL
fzo KLANILT 3 DTV VEEDE. 3 EyMT oz, BETEIRNME
/J:I: =] %E(@ 2)E1E’J—Cu))-ik *EH#L- LPG CEg‘U E/J:I:, (=] éﬁf-o

2. SF T —DMEN
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IERLER

LPG &, ZREBASNRETREZRICEF INDIDT, T—EILOIHLERNTHEFERR
METRLEz, (B 3)F7=. [EEH 1500rpm & —EICE>Tito7/= BSFC(Brake specific fuel
consumption) A 4 IZJREN TS, BREMN 35%UTDHZE. MADI YD BSFC [EIFIF
BELM 3BYLL EDBA. TaFIL-Ta—TIL0D BSFC OAMNLMMELR D, FDA, B 35%
UTDHBEETA—EILDOHDEITT, 35% L LICAHRBETATIL T2 —TILE—RTEDLIIZE
FHIIZHI T 2ON—FIRETH D,

9 CR=1%:1,1500 rpm, OIT 17 CR=19:1, OIT, 1500rpm
;\-f‘ a0 16
= 8 ~ 13
g 80 214
- -
£ 7 Z 13
i . 212
iE # Diesel & # Diesel
E 63 e = 11 .
Z 40 *:; z 1 W30%LPG
2 53 60%LPG 09 60%LPG

I 0

0 200 400 600 £00 1000 1 2 1 ]
bmep (N/m2) bp (kW)
3. REHHE 4. IERRPARLHE R

2 DDOMBL AT LABOTL—FBIEEHB) HDOBEFELR b [TRShTWD, T—EILIZH
RNTLPGOERBAEBLEVNVEERIZEST, LPG DEZ 60%EHOTETL—FRMEAHMNo1=,
T ERAREBRELTL—F HOBEEMAE 6 IZTREN TS, BfE ETF2EHSHTREREL E
MY, LPGOEZEOCT LI A RBEEN T oz, BRIV YT TEESINANIELPGOTAT
- Ta—TILDOANBREBERE—REGRMN E Moz, EXN DO TYTRROE, X TOBREABR
BEINDDOTHIALRCEIZBERA AN S DD THIH RRENEEDALY,

CR=19:1,1500 rpm, OIT CR=19:1, OIT, 1500 rpm
830
% 9] +
S ) ;
5 2 &
2 2 5
z; : " # Diesel ;‘ 650 4 Diesel
§ B0 LPG g W31%LPG
< 10 i : = )
:5 < H0%LPG : 350 60%LPG
_ 130
2 1 3 -
- * g ‘ bp (KW
bp (kW) —
5. TL—%HhE 6. EEHRRE

TA—EIL-LPG Ta7IL-Ta—TILDSEREED BMEP (brake mean effective pressure) &M
AR TIZRENTND, BEETIE, TA—ELOHEIYTATIL-Ta—IILD BMEP DA
Z D DIRWNFEMLIIZBELTE T —EILDHDEFEE DY, Fi=, M AT LD BSFC(Brake
specific fuel consumption) N 8 [CTREN TS, TaT7IL - Ta—I)ILDBSFC DANTA—EIL
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[CEEARTIELY, LPG MM IN 22 E TEREERNE AR ZESIN DD T, 7ILO—RTO BSFC LKLY,

190 CR=19:1, Optimum injection timing 0.34 | CR=19:1, Optimum injection timing
180 0.32
_ 170 E 03
g Z 0
E g
z 160 = 0.2
% = # Diesel é’ 0.26
< 40 W30%LPG E oM # Diesel
o m30%LPG
130 60%LPG 0.2 00
60%LPG
120 02
800 1300 1800 2300 800 1300 1800 2300
Engine speed (rpm) Engine speed (rpm)
7. BMEP 8. BSFC

EE 241324 BTDC THIVIAELE L HIZERLE, (K )ERIZKEE, TaTIl-Ta—
TILCEENT 5E BSFC AR 3B EMNEASNTH D, BSFC DE/IMEIX, BRHZAZIVTH 27°
BTDC(60%LPG) MEsL., BEET 24224 AY 30° BTDC(30%LPG) DEETH B, BERAAI T ZES
#5EBSFC HA—KIZEZ 2O TRIEHEEIT CZOERIZITHhNEAI o=, BSFC X, LPGOHE%1E
g EEBITHED, T2 BMEP EEHZAZV T AR 10 [SREN TS, BERAZVTEELSED
EVUE—RDBRENEN>TLESDT LPG AEHIhERES{IEShTLES, fibahTl
FOERKBEBNTLED, MUV ERDHDHE R KDNRGEDY, BIGENEMN EASDT BMEP
=2%5,

055 CR=19:1,1500 rpm 600 CR=19:1, 1500 rpm
. 550
- = # Diesel
g e B20%LPG 2500
3 60%LPG ZE 450
o 04 s
i £ 400 # Diesel
03 . B30%LPG
350
<60%LBG
Lt 300
1 20 2 30 0 4 5 20 23 30 35 0 45
Injection timing ("BTDC) Tnjection timing (BTDC)
9. BSFC & BTDC DL & 10. BMEP & BTDC D EE#

BEKARDEELBTDC DEEEAE 11 I2RSN TS, BEREA(ZIVTEELE LR KEIE
. EXbA TDC UNDIGFICTRIENRETCLEDS, TOHER, BERARDEEMN EA>TLES,
LPG LR DEEYIE. RN ERESHIDTHREEREL SR, TORER., MIERFOE—T)
VR—FEAERENETETL, £=. B 12 TlE, CO DEEHEA RSN TLNS, CO DR HD
AL, EINLEREEREICL T, BATNAERARESE . KR EELTERDZEIZHD,
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Exhaust gas temperatures ("C)

1. BFRARDEEE BTDC DEE

CR=19:1, 1500 rpm

# Diesel
W30%LPG
<60%LPG

20 25 30 35 40

Injection fiming ("BTDC)

%)

'O concentration {vol. *

CR=19:1,1500 rpm, OIT

07

0.6 + Diesel
03 B30%LPG
04 60°%LDG
03

02

01

0001 002 003 004 005 006 007

F/A ratio on mass basis

12. CODHHE

CO HEHELT VDV RIERHDERAR 13 [TRESN TS, TPV EERHMAMENTILO—RD
54&.C0 OFHEF, TA—ELOAHDELYEL, LML, BEHNATWVGE. T—EILDH
DIFELYEM o=, CO DHEHEIZ. MEDES
HELENIAZIVTDOLEBEMNE 14I2RENTNS, BRIV TEESEDE CO HiHEMNHEZ
=M. LPG MEEEOT LR o=, BRHAEAIVTEELEIEMESN BB ENF IO TRIES
HEZ DT DRDBIFIHEEEZ, TEEMBTENEZTOILLRD, 59 5L CO BRET D,
LPG O ILIZk>T RERBERSOTEAHFEDZNDT CO DHEHEMNF S,

=

CO concentrations (vel.

0.12

0.1

0.08

0.06

0.04

0.02

800

CR=19:1, optimum injection timing

¢ Diesel
W30%LPG
60%LPG

1300 1800

Engine speed (rpm)

2300

13. COHFHBLT UV EEHOLE

IRELBRERICE > TER S, £z, CO H#E

'!flu)

0 coneentrations (vol.

0.28 CR=19:1,1500 rpm
0.26
02 7&5&5
0.22
#Diesd  W30%LPG  X60%LPG
02
15 2 35 15

Injection timing ("BTDC)

14. CO BEHHE LRI T DR
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CO2 DHEHENAK 15 [TRENTULVD, LPG N4 d bk 2 TREREKZEDLEERE EFHD
THREEEZIRIEL, CO2 DHFHEERED T, £z, C02 HHELBHREIZIV T DEEENAR 16 1
IRSNTWND, ZAZVTEELEDHE CO2OHHEEMNEBZ A, LPG £MMA DI LIZL> TR,
TA4—TILEKY LPG OO FEENEMEBEDT, KUFEICE{IEEIND, FDA, KREHEFSL.
Cc02 :EFHZIE‘B/UZ‘D—‘;_O

16 ‘R=10-1.15
CR=19:1,1500 rpm, OIT 108 CR=19:1, 1500 rpm #Diesel
5 9
oy c. 10.75 W30%LPG
< n < $
H : 60%1PG
= 1 - 10.
g0 £ 1065
§ 6 # Diesel g 106
5 W30%LPG g
st 60%LPG § 105
U o ol
B =103
0 1 20 2 30 40 4
0.01 003 0.03 007
o ‘ Injection timing ("BTDC)
F/A ratio on mass basis
15. CO2 DEEHZE 16. CO2 BEHHEBLEH IV T DR

NOXDEEHENE 17 IZTREN TS, TA—EILDHDIFGETETATIL - Ta—ITILDFBET
., Bz LIF5EIC NOXOHHE EZ -, LHAL, TA—EILOHLYETTIL-Ta—TILD
jj—?f)\’J\@fJ"Dflo LPG (. Ijt5$</hbﬁl¢é®(jﬁé%ﬁb\it—u I///l*_”il_]?w 7&%)
SRUE. NOX OFEBDOATREEEIO THEINSE I FNEENEHMEEL LT OTHHER
NRETDH, TOFER. EAN OTYTREDR., AHIKICEOTRIEENSANINDIDOTI RIS
MIFEREREIND, BRIV T EWHRESTHECE>T NOXEFE R T HREIERST EN
Hk5, £ NOXOHHEET VDU RIERHMOLEBAR 18 (RSN TNV, NOXDHEHEIX, T
AT Ta—TIILDARIV OV EEHICE>THREWNGENE Mo, NOX DE/RIE. EBE

DEELRERELRENDERICE>TEAIOTHEELEL>TLS,

300 CR=19:1,1500 rpm, OIT 1330 CR=19:1, optimum injection fiming

- T 1300
E 250 2
E = 1250
z 200 z
2 £ 1200
£ 150 E
3 3 1130 @ Diesel
5 100 #Diesel 5 1100 W30%LPG
B 5 B30%LPG g 60%LPG
z 60%LPG z 1030

0 1000

001 002 003 004 005 006 007 900 1300 1800 o

F/Aratio on mass basis Engine speed (rpm)
17. NOXDHEH = 18. NOXDHEHEE TP U RIERH D L
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NOX DEEHEELBHRAAZIV T OLEENR 19 I2RSN TS, REERICLDE LPCOEASE
KEBH ALV TIZE>TNOXDFEHENKEHEIND, BEH AV T EELEDE NOXDHE
HEMNFE =M. LPG DEE LT ENOXEER =, BHRAIVITEEBLEIERNEBENANFEL
([ZKRBDT, VIVE—ROHERE. g s NOXDBIRIZE,A o=, —H. LPG £15H3 &
[CE>THRMENNFEELOIRDIDT, VIVE—AROHERE. mEEE NOXDIEMIZE’MN -
f=o TN &, LPG DEZEOTIHEICIE, BEALEREBRAAI VT EMPARLANENTAL,

800 D104 12 1o 1500
7 - CR=19:1, 1500 rpm 150 CR=19:1,1500 rpm, OIT + Dices
& £ 300 . W30%LPG
£ Ggg < 250 \/ 60%LPG
2 g
£ am ;E: 200
g 300 #Dicsel g 150 f
) W30%LEG 2 100
3 = . . -
0 100 <§0%LPG B 50
! 0
15 0 25 30 35 40 43 0.01 0.03 0.05 0.07
Injection timing ("BTDC) F/Aratio on mass basis
19. NOX (OHEH| B E RS 232 7 DB 20. MEERIEKE

20 [ZIEERBEERAEKZE(UBHC)ARENT NS, TaFILTa—TILY AT LDOAEA UBHC
ML MHIIZEA o=, Gunea, 1998 Tld, UBHC MIEX L MESNTULNDA, RBELREHIAI
TTIThbn TN oLl 35, UBHCET U DU RIERFMDEE N 21 ITTRESNTULNS, 7/L0
—RDIZE. TaTIL-Ta—IILD HC HEHEDANTA—EILDOHALYEMN 2=, ZHlE, 2 DD
FERNHD, —DBIE. LPG OREYD/NILT DA —N—2yFTHEAB () A —S AN SRz
K[INDILETHD, Z2B(E, EFETREOBICHEREICEASNSLPCGERIFESEDIENEHL
WZETHD, £f=. UBHC LEF 2T DLEBEAR 22 [TRENTWND, BHEHA(ZIVTEELY
5L UBHC A2 T, #1375 BiHDHE UBHC N5, HRREI DM AIZL>THC OFEHEHE
ABo

Tz, AEEBRETREL: HC VU A —ROBERICK>TEBIEEIN S, T4—EIL &Y LPG
DD FREENEMT, JUEHEICERIESNEZDTLPG 218034 & UBHC O¥MFE S, S EINDEET
hHhhot=C¢ld. BRAANZIVTERAETHIYLPCOHOEZE LT AN UBHC DENFE LT HETH
b, FOWER TA—LIL-LPGDTATINT2A—TILL AT LAIZEF THDIEREFRTT 5,

60 CR=19:1, optimum injection timing 600 C'R=19:1:151][| rpm

pm)

e ny
S wn
= S S

£ 100

UBHC concentrations (ppm)
=] Led
S &
UBHC concentratio {pr
=
=
= =2 3

4 Diesel
W30%LPG
10 #Diesel  W30%LPG 60%LPG 25 §0%LPG
0 200
800 1300 1800 2300 15 20 23 30 33 10 43
Eugine speed (rpu) Injection timing (BTDC)
21. UBHC & DU RIERHD LB 22. UBHC LEHAAZ VT DR
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%t';

SEL. Dl FA—BILIVS U ETATILTA—TIL VR TFAIZREL. TSV DEREEHEE S
ERREELT=. BREZEHLAENS LPG 2 REEL. T —ELLARKDOBIZVEFEHN=, 2D
REBEDOERIILULTOERYTH S,

1. BERARADEBEE. Ta7NLTa—TIY AT LOAIEIST=,

2. HC.CO,.CO2 Mt EIE. TaFILT1—TILL AT LD ANEEMIZDIEMoT-,

3. BELRERIAZIVITHEELESES. TL—FOMBBEEEX. Ta7/IlJa—IILVR
T LDHENDIEM T,

4 TA—PBILIRTLATIVSUVRELETL—FEHE—EITREENOBEHR NIV T EEL
95 HC, COECO2 DEEHEEMNEZ T NOXDEEHEA R o1,

5, TaAFZINTa—TINLRTATIVOVRELTIL—FENE—EICREENDEFZIZ
JT%E< 9 HLEHC, CO & CO2 DHEHEMN R >T NOXDHEHEIIEZ 1=,

TATINTA—TILY AT LDEFRIZE>TNOX & UBHC OHEEHE EME o=, BREMEE FHEE A
ACEALTCEERERTHEIEN N DOND, TA—EILIXTAIEZ, TA—EIL-LPG Ta7ILTa—
TV RATLNEBOET DENTED, COVATLDOAMNREIZELL, LPG AV Ta4o<7 =K
—ILREBLTRRE TR ERDELHREICEF NS, BEFELXEOTLHEZNET 5L
NTED,

)LD T—ENLPG TaFI/-Ta—T/LFFEH(Feb. 2014)

F4—EILE PG DTaATFI - Ta—TIILIVSUDMEREEHFHE

Deo Raj Tiwari and Gopal P. Sinha,
Department of Mechanical & Automobile Engineering, Sharda University, Greater Noida, India

EHE

KBTI, BB EE-EEE KB T (Compression Ignition [CIND M EEEHEH S
[CRAS BBV R EFDDEITI TA—EILOENEFT—EICREEEAS LPG OENEEE
I, BRRIE. ARMEERALGNSIT oz, RO BN, FEYEOHHER/IMETEHIET
Hot=, HEEIZEEL TIE, BRIRENT—E BRI, BRI, LPG FHROEFZELRLTWD, &
B OWEBEIL. FEBOUTOHRI TRESNET,

1. [XL&IC

SEIE, Cl T U EFERALTEERLE, Cl T2k, NOx, SOx, CO2, CO. M FikMmE. ¢
THFDOLIRFLRYBEEEEBERET D FEYWEOHHIE. TP BB BBIZECEL-T
BRDBOTNAATA—ELBLUHRROBERMFZFERALT, ChbDHEHE 2% KIBICER
TBHLENTES,
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HEH B L4 =D DD S ENH D, —DEDHEIE, MO N— OB H L E
LT, BRIEROBEHESIET 5L TH D, ZDEDHEZ. RIEROBHSEEIHYT 22ET
Hd, PYAIF2FHZE: 1) RPESFRFHEEET LN, 2) NEBHLSRINEFI(LPG, KK, &
RREMNMATREZTANTY)— VB BREERIT,

LPG 1. ZZRERET—HR—ILRENLTER |
ATRRARICBREERNICES NS, LPG (£, 22 Fuel Share of Vehicles
[ERK[RZR—IILREN L TREZERNICES in India
&hd, LAL LPG 1F. BLEBAKEEET
BRIEL N, TA— P OBEL B S AAEE :

MENBREERA ST LB HICIRET 5, 15 " Diesel
BBBED=6. RRBERALKER, TFHF. F W Gasoline
DHL[FDFELMEERFIND. B 1 (12&3 CNG

b AVRTETA—CILEARES DA DM S, B LPG/ELEC

ZFD55, Cl TP UERBH L TWNIDOHNHHEE
TH b, . -

1.1 PREBERERSICERL T

A RE (Internal Combustion Engine)ld 2 3Bz AN TUNS:
a. SlToPy: KIER/RKIP U (Spark Ignition)
b. ClZooy: E#HEFENXTY (Compression Ignition )

1.2 NRHEBIDE AR IES)

RREBEDERN [F, —EDRHEELIL, —EDENCE>THEH TS, S| TVOVIZRES
WAYN—FATIL DB E BRHEN—EDKEICEET 2T LB MADN TRIEEREADE /Y
AILVTHEE T D, TA—EILTATILDGE EAN—EDKEIZEET HLEE - RURIIZEK
S>TEENT %, (B 2)

»

1-2: Adiabatic compression (HTEREH#z)

g 2-3: Const. pressure heat addition ({EJE - Z4iRiN)
g & . . . ’
3 s 3-4: Adiabatic expansion (EFEREHz)
£ £ D SEE
& & 4-1: Const. volume heat rejection ({E [T - 2B )
Volume "
2. TA—EILTAUIL
Properties Diesel LPG
Normal State Liquid Gaseous
Formulae C3;Hg Ci3Hag
Calorific value (kJ/kg) 44800 50350
Specific gravity 0.8 0.587(liquid)
Auto ignition temperature (“C) 225 540
Flash point ( °C) 62 -104
Cetane no. 5-10 40-60
Stoichiometric A/F ratio (mass) 14.5 157
Peak flame temperature (“C) 2054 1990

x 1. T4—BILELPG DB
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2. XEEE

SESFELRAEATHERYHEOHHER/NMET DHEN LT TS/, Vijaybalan &
Nagarajan K[1]i&. FE&MEHEER/IMELESERIEZERNIZTO—TFI5 & ANz, BHIZAY
IR —TTA—EILEEHL, LPGHNA 7=, EE NOX (FHIFELI=A, /O—TZ 7L TOES
FClIE, RAEKEE CO DHEHENEZ 1=, FO—TF 552 FAIETL—F LR 3% HEL=,
Rao, etal [, T4—EILELPGERBELETA—EILIUO U DOMEBEEIRLIZ, TPV DRR
AIIZ LPG uib2s&=FE AL, 1500 rom D—EREEZREENLERIZEHETLPG REE% A
#iLt=, BT 35%FETE. TA—EILRBOADEANTRELRI Y O AEEIEN o=, 8 BRT
X, TA—PLILDHDIZFEL PG ETA—TBILOZERBDBETEI VS U EEIREE LY B
HEICEDLYLEN =, BWoDENETIE. ZEMBEFEATOIEHELTE, 3b%EHBALETR
TOEERTH D,

Punia. et.al (£ LPG T4—EILTaF7ILBRE TS UIZBITAI O B EEL Y BHEHES
AR, BFRAXABRER. RRKY, REGEAREOZELFAN, LPG 2XBBEL. 74—
VR ESAOYMREIELTHERALE, BEAEmOREKYE, ToDUREGWNA—RUHEHD
MAZER ESEDIIEMTELIEN DM o=, Bfah 20%DEF I xiE Thol=, BEHEEAKLNE,
TEYERAEKEHROED, TL—FE8RNEN, BHEEHE RO LI TRERB O /N
B RETO AN G ESINT, CO BIUERRERIEKRDFEDEERINT-,

Elnajjar, et.al (CKDEIEDIHAE TIE, /AOYNMRABEA BB EDRELEERDZE (RE—R, 1B
SR HEA. AR, EfGLL R, F) &, SEEORE TREETo: 1)) TA—EIL, 2)T4—+
IWLPG OFa7IL-TJa—TIIL 3)TA—EIL-KAARDTaT7IL-Ta—I)l, RRKIIVE—
EAERKEDEFBRISHIETDUBE(VIVIB)NRESNT, T, TUDVRE, BEHEFH
BIVEBLEE—CITHE SRR T, [EREOEMELREAERL /A ALRNILIERILTHo=Z
LEREL TS, S TaFI - Ta—TIIV AT AICETIEELRBRTHDL, TV DT=
DIZEBETHD, BE8GL, TA—EBILDOHADRRYTATIL - Ta—TIILIZLEEED, XT—50H5
DIZ/ARLRILARILENSTH B,
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3. EEROLAT7IMEE

Gas regulator

LPG Cylinder

Flow meter

Flow gas controller

4. EEBROLAT7IMEE

3.1 LAT7IMEEDR A

3.1.1 LPG ¥l 2y HAEBEHALFaL—4—

LPG B2 JI&, UYL OIREDEDTH D, I A—IF, EEF4.5F0T, KBEEE56
DML TH D, I F—HOEDERKELYDPLEL, ZTAD LPG (&, ARLFaL—2—%
BY, PVC HREEZBLTCIUD VDAV TAIRZR—ILRIZEYIAEN S, SAELD LPG /N)LTEL
FaL—42—lE, 2EDBEE. KKETO0L m*/hr DFRETHRBETOUIZEHT B,

3.1.2 HXR=EE

HAREE T, BFEDOERBHIZEDLVDED LPG NREES A —IZABHERIET HED
T.COEBRORLEELRIHTHD, BALIEL / mn THD, LPGHAZOARREFTEBDE.
FAEDRIZHDERIKMN LAY, EDLSND LPG NIV UITEYIAFTN TSN EREIZFHHEND
ZENH KD,

313 TS UH#
EBRAOIVOVIE BEEDT—EILIVS U THD, TV AIE. b HP(3.73 FO7wy
M T, TP EE#HAA 1500rpm TH D, Bffld. NILNKDOA(FEE2FE->TAFNEE ST,
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—— PVC gas hose pipe
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5. LPG k> v 7



Engine

Belt dynamometer

7. TVDVENL RO X A T E

314 KHEEBIATE

L, IV VDAEREREISEEIEHIZERIND, KOE(E, BEFR/NBNILTIZE>THE
BINnd, BRWEERE. S0 —2(kg) TRREIND, BfxE NIZEBRTB5EE. EAEH
HMNT 5,

3.1.5 MHAEEE
B EIL. mL OFFULNEYAATHIE AL Vb EEof=, REDEEEIX. Ty E->THREDE
B2 EL BE®EIAN Ty FEERLE,

3.1.6 ToRILAOA—A
TORIWAAA—RIE, PG OBBELBTOEFHICLY, TV DORIEHERE S H=HIZF
Aahd, RPM AohIEEEIZTL—o/0 =T —F BN KA E T HENTES,

3.1.7 EREEET

EEEE. T— LIV VIZE > THREEINEZEDY U FILEEIZ, EOLKSLD I E BT
LTWAWNEREEET D, EREEX, %fﬂ%@xﬂié%?’@f%/Td‘zxfﬁﬁ’C&io LB THD,
TA—BILEIZIZ, TA—EILIVS DS RIZEFINT-
BEENEENTND, EOREBHEIL. % HSU (Hartridge
Smoke Unit) MBI TRLTWNS, Ff=, EEEIL. HRIEKFEY
UDEDR FHOBEH., BRI FORRERV, BEADN
MUY EE - SR ELEE ST D2 EMNTES,

Remote control
unit for smoke
| meter

32 EBRDOFIE
1. T4—EILBRBEI D UICRMT S
2. IO VEMNTS
3. LPG BB EAVIMNSTUUVIZIRHT S
4, LXaLl—A2—%F->TLPCGOBELZHAETD
5. LPG OB EIZHLTHM T ELXF->TAEREZEFHIETS
6. EREFEFE-TERERDUWHSU Z5TET D
7. TORINAA—BEFOTEATTO rpm ZRIET S
8. RAWMCORKRELEES
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9. RERMTOEIDEE

LEFIREERFERHE

52

HEtd

FTREDKREIChz>TThhl=

4. FERESDH

= 3. TA—EILREE LPG D154 (10 #4IZ 0.5L/min @ LPG Zi0A 7<)

EEHSEIBICRYELET ., COFIBZTOIRFIIBT AN T T4y

EXHATST] .
DIESEL FUEL | BRAKE | ,DRAKE GAs | SMORE
LOAD | eprr | CONSTMPTION | POWER | JHERMAL | rpyrp | DENSITY
(KG) |REM | CONSTMPTIO! EFFICIENCY | TEMP | (04HST)
(ml/s) (EW) (%) (00)
0 [0 020 0 0 140 0
T (1404 | 0230 03307 [ 279 15 5
T 538 [ 0350 0458 507 6 0
T 1365 | 0310 06730 [ 605 180 %

R 2. TA—EILRHOHDE5EE (10 )

EXHAUST
DIESEL FUEL | BRAKE | _BRAKE GAs | SMOKE
LOAD | epyp | coNSUMPTION | POWER | THERMAL | ppypp | DENSITY
(KG) | REM | CONSUAPTION eFFICENCY | EMP | oimsT
[ml'ri] (K“) (q_.} ( c:'
0 1170 | 0170 i) i) 5 &7
T 1703 | 0.200 03790 | 2881 75 7
71685 | 0230 05532 519 160 7
T 1663 [ 0375 08190 | 6638 7 )

DIESELFUEL | BRAKE BRAKE En{ﬁ';.sr SMOKE
]Egé])) RPM (.ONS(IIJ-]I}:;I;TION P?[R‘I)R ET}_E[]%E%';%I {Eln([)[- [E;E/:];’;S
0 1742 | 0130 0 0 168 646
T [1732 [0155 02846 207 7 &8
3 [1701 | 0180 05501 535 180 7
3 [1672 | 0210 08244 704 o1 75
K4 TA—EILBREE LPG DiF4 (10 #4(Z 0.9L/min
Losp| . | DIESELFUEL |BRAKE | ;i | ENEACRT | SMOKE
G) RPM (0.\51‘.\;1"“0.\ POWER EFFICIENCY |  TEMP Dl;.\sm
(mlls) W) 2 N D)
(%) (0
0 1784 0.100 0 0 180 60
1 1771 0.120 0.2012 286 189 62
2 1750 0.140 0.5752 530 199 67
3 1730 0.160 0.8575 741 210 721

x5 TA—EILEHELPC DFE (10 #EIC 1.4L/min @ LPG ZMA 1)

50

D LPG &AL




LOAD DIESEL FUEL | BRAKE TEIRE{‘E& Etgﬂ - SMOKE
1), | RPM | CONSTMPTION | POWER | i Hier | 0 | DENSITY
(mlls) &W) ] P 0eHsD)
(%) 0
0 | 179 0.095 0 0 101 509
1 [17%5 0115 02017 133 20 613
1 | 17e 0.132 0.5795 a0 b7 652
11744 0.155 0.8500 618 bE3) 609

£ 6. TA—EILEREE LPG DFE (10 #4E(Z 1.9L/min @ LPG #NAT)

A1 B YMBEBOHEHEDDHT
411 Y%HSU (smoke density / % capacity)

2HSU
Without R o With . “'i!h‘ “'ith_
Load LPG With 0.5L/min 09L/min | 1.4L/min | 1.9L/min
(kg) addition LPG addition LPG LPG LPG
addition | addition addition
0 82 67 64.6 60 599
1 87 71 68 62 61.3
2 80 76 71 67 652
3 20 80 75 721 690
%= 7. %HSU

ZDORIZEDE, TA—EILBRBOHEFRALEGE. e LT E T TRFNEZTIND
DHHOID, BEEL, Bfax LIFHZLC MAEZFIEOL TS, ZREEZEHLOTULELN, B
ENREZFEANATRYEVDT, TTRFDENEZ D,

TA—EILELPG DT aT7I-Ta—TIDGE, LPG BB AZEIEPTEICUHSU BELTHD
DHHND, BRIDNTIODEIZEBENFHO>TLDLE LMD, BERL, BRIAMEVNE., T4—F
ILOBREERE R AE DN S TH D, TN TREZTHNOEEBELEREICEI, B4R LPG D& ke
BEMNFEE(Z, THRERALEANIET A —EILORERA LAY, MIEZERNOEED LAY, B
75 LPG O A KEBRBENEREOCT D, TORER, %HSU HIENTH D,

412 T4—FBILRE

Fuel diesel flow rate (ml/sec)
Without With With With With
Load(kg) ipz;“ 0.5L/min 0.9L/min 1.4L/min 1.9L/min
addition LPG LPG LPG LPG
addition addition addition addition
0 0.220 0.170 0.130 0.100 0.095
1 0.230 0.200 0.155 0.120 0.115
2 0.250 0230 0.180 0.140 0.132
3 0.310 0275 0210 0.160 0.155

= 8. TA—TEILDRE

B Z LF2EICT—EILRENDADIEADLMND, LAL, LPCG BB EBEZB LI BIZT—
CILRENTH D, BALMIZ LPG ABAVHE SN TSN GTE,
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413 BIURE

Exhaust temperature ( D(‘)
Without With With With With
Load (kg) LPG 0.5L/min 0.9L/min 1.4L/min 1.9L/min
addition LPG LPG LPG LPG
addition addition addition addition
0 140 125 168 180 191
1 155 145 172 189 209
2 165 160 180 199 220
3 180 174 191 210 232

x 9. HFRIRE(C)

BEALOMNEBESEES EADTEA LA D, £z, LPG MM EABANEHUEES LN
DN MND, BERL, RIEERNDREATL=H. LPG DRBEREIAEZ BT,
MBEREL, BP0 NOx DOFMEREEIZBERL TS, REEEEA LANIE NOXDHHES
WA Tz, THRRBEZIC LPG ZMANEZDDEXDBEENRHDIDT, BEREVBREDOENRKIC
BHDT NOXDHEH EARES,

4.1.4 HBED

Brake power(KW)
Without With With With With
Load (kg) LPG 0.5L/min 0.9L/min 1.4L/min 1.9L/min
addition LPG LPG LPG LPG
addition addition addition addition
0 0 0 0 0 0
1 0.2307 0.2790 0.2846 02912 0.2917
2 0.4543 0.5532 0.5591 0.5752 0.5792
3 0.6730 0.8190 0.8244 0.8575 0.8599
# 10. HEE A KW)
415 TL—F8%pxK
Brake thermal efficiency (% increase)
Without With With ‘With With
Load (Kg) in“ 0.5L/min 0.9L/min 1.4L/min 1.9L/min
addition LPG LPG 1LPG LPG
addition addition addition addition

0 0 1] 0 0 0
1 2.79 2.88 2.92 2.86 2.33
2 5.07 515 5.25 5.30 422
3 6.07 6.63 7.04 7.41 6.18

=11 TL—FRGHE

BRMNEZNETL—FRUMEKREHNDDNOMNS, T4—EILIZ LPG ZMNADE, BRIMNEZ
BEICTL—FRYENREZEIND, 2 EG5 LPG MRBEERNTLONYETA—EILEREL.
BUNZRBESNDE DR, ZDRER. BEASRY, BEEERA LAY, TVOUEFZIE
ANCIN k=Y g
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Brake specific fuel (diesel) consumption (kg/kWh)
Without With With With With
Load (Kg) LPG 0.5L/min 0.9L/min 1.4L/min 1.9L/min
aditi LPG LPG LPG LPG
addition addition addition addition addition
0 0 0 0 0 0
1 2.87 2.70 2.62 2.61 3.18
2 1.58 1.52 1.46 142 1.55
3 1.32 1.18 1.09 1.02 1.20

x®12. TJL—FOEFERE(T1—EIL)

x 12.12&%E BRALEANETL—FDEFERE (T—EIL) DBEBENTHDDHHHN
%(-155), THETA—EILIZLPG EMAT=5E. AN LENBTEIZREEEENSIDIZTIMNED
Nhomd(-152, -153, -1.59, -1.98 ), BEHS LPG ANRIER, BEKRONSTE,

4.2 TS5 IRRIZEYRDHT
4.2.1 % HSU

100
95 =4==without LPG addition

50
% HSU g _M-
=f=with 0.5L/min LPG
_./! addition

55
50 T T T 1
Load (kg)
757 2. %HSU
0.3 -

0.25
Fuel /
flow rate 0.2 A === without LPG addition
“ = with 0.5L/min LPG

0.15 & — addition

’ & = with 0.9 L/min LPG
addition

0.1 =8~ with 1.4 L/min LPG
addition

== with 1.9 L/min LPg
0.05 addition

0
0 1 2 3

Load (kg) | ——— > Graph-3

7273, MEmL/ B)
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250

200

150 -

Exhaust
temp. 0oy

-

00

50

== with no LPG addition

== with 0.5 L/min LPG
addition

== with 0.9 L/min LPG
addition

== with 1.4 L/min LPG
addition

== with 1.9 L/min LPG
addition

7357 4.

Load (kg)

PSIRE(CC)

0.9

0.8

0.7

Brake
power

0.6

0.5

0.4

0.3

=g with no LPG addition

el with 0.5 L/min LPG
addition

== with 0.9 L/min LPG
addition

== yith 1.4 L/min LPG
addition

== with 1.9 L/min LPG
addition

7357 5.

HBE 1 (KW)

%S

w

]

= P £
O W s

=#=yith no LPG addition

== yith 0.5 L/min LPG
addition

== with 0.9 L/min LPG
addition

== with 1.4 L/min LPG
addition

<8 with 1.9 L/min LPG
addition

557 6. TL—FHEE(%)

2.75

Kg/KWh

2.25

175

125

0.75

0.25

== with no LPG addition

== with 0.5 L/min LPG
addition

== with 0.9 L/min LPG
addition

== with 1.4 L/min LPG
addition

w=fll= with 1.9 L/min LPG
' addition

727 7. TL—FDRFERE (kg / KWh)
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5. SRATAEEMICOLVTDEE
IVOUNRE AR TERE 1 AFOEDIELIEGE. LTOHELELOND,
o FRIEITIEEE: 10,000 km/year
o EHEE : 50 km/hr
o ITUUUDOIEENRFE: 200 hr/year
o T4—TILHEE(LPG #EL):232.2 L/year
o TA—EILHEE (LPG % 05L/min MAEHBA):T,—E/)L 198 L/year, LPG :36
kg/year
o Tq—EILHEE (LPG % 0.9L/min INZ=354) : T1+—+HIL 1561.2 L/year. LPG :60
kg/year
o T4—HILEEE (LPGZ 14L/min INZ=54) :T4—EI/IL 1152 L/year. LPG :84
kg/year
e Tq—EILEEE (LPG % 19L/min INAHE):T4—HIL 1116 L/year. LPG :
119.5 kg/year
T, T4—EILM#E%E Rs b4/ L &LPG ffi#&% Rs 400/ 14.2 kg cylinder LR ELIZHA.
LURDEIIZH D,

Amount of Without LPG @ LPG @ 0.9 - .
fuel LPG 0.5L/min L/min LPc@14 | LPG@19
L/min L/min
Cost (Rs) 12052 11706 9854 8586 9393

=13, T4—HEILELPG DBE(SY=2 XM

6. BB

TA—EILDHDIGE. RAR(0 ke, 1 ke, 2 kg, 3kg)&E b B DTFAM., &5 20 REgEE
ELT=. T4—EILELPG DT AT -Ta—TIDEE. £EHETLPG % b BEEICHTTRELE
L=, REHTORBRBRELH L. ROTITIZLTRERKRLE, ChOEDITTHEUT
DHEBMNBIEHE S,

A SBEERYBEHHE~DTE:
a BRNELENIFTLEYEHFLEENEZD,
b. LPG ZEAIHBICHIZEI>TERATLANILTHY 3 S0EREOBDEZRL
1=
B. RALEEE~DEE:
a. BRAMTLPG MHELEOTIERELE S, A, R 130BY, T1—EIL
DH IR FH TH D,
C. I nHEUEEE NOX DFE:
a FERPOREHTEREEFDIHICIE LPGE 0L L/mn LR TORESANKRE,
COREETRTBIEIZE>TNOX HEHEAF DT 5,
D. WNI—~DFE(TL—FHRA—ILTODARIE):
a. LPGEMABEIZE-LTIUSUNRT—N A T URENE LT 5,
E. JL—FBIKR(N)~NDEE:
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a. LPG #MNA Bk >TENEN NS,
F. BESEESE~DEEKg/KWh):
a. LPG & MABZEIZE>THRENEEEN LS,
7. *EiR
CORBTE, TA—EILELPG ZRAIETLBRBNTA—EILIUDUIZEDLSBFEE KIF
THIRELZT oM, LPG £#MNABTEIZEoT, . BE, /XT— RUBADRKRICFELWEEE
B Z52ED O of=, 2hN LPG DRBELGEFNBEEEEROVENHD, TaTIIL-Ta—IIIE
RENLEIA. FIEEVETIZERL, COFRBTELZIV DU TDIHE, REBED LPGES
K(F 0.9 L/min TH 5,
COABROFELRRAERKRIL. LLTORBYE, LPGEMNADLET:

1. BOAREZE $THFENBPLENMEVEROSES. T TR FEICHE T A,
=

2. JBEE%HSU AN LT,

3. #FMEL M LT,

4. TL—FDEFEREN TN,

5. IVIUDBRENKEINT,

6. BVWERED/AXLRNILATMNOT,

8. TRDRE
o BF AUV A—EFEALTEYUL LPCGANEZEEMRERICREAL,
o MRABEFHBZFEOTCORBRTHLE LPG BB EBLUNDEEREE D,
o M/ O—TSVEMARAATERNDZEEZRETT S,

6. SO—NILDOTA—EBILTaFZINLTa—TIIERDEEDH

SESFRXBMEFELEC A, UTOREmNELN. ZTERICTHEL, PR EHOERFODL
HITTERT 6T EEL T,

(D REEHRIZNEDH DL,
(2)TA—EILEEEIZ LP HRERBE TREES B 2EMAI B/ N—RILIZENIE,
(B)LH L, BEEXRIZOWNTIE, ZARI0ONEETHDIZE,

OL-EEZERL. EROEFEEITOEER =,
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B F4—UI LPGEAINSYIDEN

1. EFOER

(1) BARDHEZEEFEOHR KNS
oW IEIEIZEHONE T —EILEEAZTLIEFY, £22XMD 17% - 38UMNRERBZDOTREE
EE. HER 7 YT TIHIZORMNER,

(2)LP HRERDBRRMS:

ra%, BEMLPG 272 —DHEIEZ IEH D=8, LP HAXZUREENIL 4778785,
EMAEDKS T—IL LP ARABUZBARIZE TS, LP ARFBERED DGO TRYFTIRFBER A
AR R,

2. ElROEE

BEIZTA—EILE LP ARDBARREIEILISNTWILNRHTTA—EILIVOU )= -F
A—EI-ToOV |EDRAREL MY ITIEELBARTITHOATORWN =D, TRFDI)—2T
1—CILELPGDRBELEEEIZ. BMEEBYIFIZEDSWNENDZOMN ? HA TOETEREILE
SIEOM? "oV IDINT—([FESRDEOMN ? BEHRFESE DM EERRIZ Dual Fuel Diesel-LPG ~
SvIEREBELTPR ADT—42% &)1,

NBEITIC, MYy ——IZ PR E=EHELT,

(NN REMDRTE
PRAREHRZFSTS Fvo5—

Fv2—(CANTER ). ZEZA5FS50T YT - NANELE - BRFELTWNB T v T A —/\—FI/NFIN
IV THBH(1963 EMH 1970 FFXFTIF=ZFET . 1970 &5 2002 FEXFTIEI=ZZEHEETL
EMNRE-RFT), To. ZEATITIURT, ME—RUINTIRFESN TS ERETEH S,

ZD>56, 8 KB FBA/FEA-B-C %(2010 4 -)2010F 11 A 11 HREROFHE XY 2—%
N—R&ELfz, RAMTREFEKIIAAR[FIEER 27 FEEEREREEICES, 2 TINITV)Y
R&AT | BT IL—T X vR—,

NI R2YSavENRND YO ELTHADDRA LGS 6 T ATILITYFIIVRAZv30m
DUONIC(TaA=wvo)& 5 & MT 2¥dpdHY, SElIF b & MT ZFEAL, BHELLE,
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FOLOWT A~ 0Lz, PRﬁ% ’\\—Zﬁﬁﬁ

LN TN~

e oo gy (2N TR)

h“ml'll“

‘%@ca HEEFEHAEEE

PR AR—XEFDZEEIZDULNT

DNEFET—LLIOOUEHEE
(OEVL—ILERRERE . DPF, VGT 2 4H)

2)EREETHDI L
2805 AT — Tk
D#EAH #9800, 0004 . FRIKRENSHE
Q> T T7hNBEWA—H—ThHdE
QAT AL TN E

3) &
INBUIND D TIREEL . SREAIICITRBEIANREALZL
(BRBEHDER/NT)
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DEEHEIT O

BEHINDZIAZIUNEITATINIIIL—TD FPT #HEXALT—, ZLTC=F 550 EREFARLE
2,998cc EFI 4 [ E-DOHC16 /N)ILT-EEIEL—ILAVB—)—F—T4—FBILEZ—RID
D 4P10 2T REH - RAMINELDS 4 BEOIVOUAHY(1.L N oI5XA4P10
(T1)E 81kW(110PS). 2 b5 A 4P10(T2)E 96kW(130PS). 2 - 45 XA:4P10
(T4)E 110kW(150PS), 35 b oZ XL EA:AP10(TE)E 129kW (175PS)) REHHTIE 2 -
A ZZAF4P10(T4) R 110kW(150PS)EfERALz, Shodh TP Uitk BASIE = DPF
L INBINS YT AHDIREE SCR VAT A BlueTec(FIL—T v )V AT LANERHASINTINS,

WHEYI—ILFEGRYAT L

EGRYZFLE . LUYNRNNES
ROE71 /947 DEGR?~5~%
ERBELELRE

ERBSVGY—M

J—FFr—vr—Ei2
EEEMHCRVARNRERETS
VG =RERRLELR

BAFILD:3T0N m(37 Tkgl* m) /
1,350~2 B40rpm (% »})
U150 :2 098¢

WEIEVL-LR
BEMERHAF4L

PEMZOANENI AN LEESIENE
FRRIEA-ACRENNERNS X7 LS
BERLELR

EXV1I9x 99—

SUERMUILFRREIRICTS
1 EXVA Yz 09-.RA
FANFA)a—a EHRALET
BWASHREBVEY

QF DL

TU—FELEBIZ MMNRNTF—IVAN—(ERBE)NDEETHELRIL R &R T«
AT —FE8HA. TICIREIILEBALFEFIL—FREIIVEBEALER, TL—F 2 E5ELS
5T —F A —N—FAREBHL TS, JAOVM TARITL—F([ES T ILEw ) IR—BALTD
RNUFL—TIR-TARITL—F,

FvIJlE 7T KEOLOEFV)—F—N—L RAETHAVEZELZHEDT, JL—REIHEERD
SA-DX-CUSTOM @ 3 /L —REER M B, REAVA—R(IEXESTL—R, HEFED DX I(Z4824) & CUSTOM
(AT avE&E)D 2 TU—RERIZ, TAT TV T IEeFERBA T avEKeaof=, 2010 £ES
IRTHAVEEZE L, RABERE, J(RFy T - BOVI RT—EHOERHFEREMLRRELZ,
hiE RABENS EBELAREREIENARELHTH D,
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(2)LPGBEY AT LIZDNT

LPG BEVATLIE BEEDOTA—EIL TP UIC F=C LPG BEV AT LEEMT TR
ELT=, BILEB&RIE LPG AR 2 I oAU D2 IR —F TOMB T4 & LP AR A D ECU
EZEMLTNS,

T 4—EIJLECU

LP#H AECU

R ) E FoA—EI-HY

TaATIL-TJa—TIILEEX

EEELTTAYERE g |
2 -, !m.-oa%m ‘ 1 —

EE EmNRLBEMER M
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[EfmzE Tl

1 =8BF+>5— TKG-FEBLO
DT RTE AP10 HSW2990CC F—M I ¥y BEHATI0KW/3500rpm BA FIL7370M-m/1350 ~2840rpm
JIPCEERERIE —oFBAVITII—
4) B B FAERLAFNRY 1wt — 230 oft vt — R -T2 Flovirv—t8—,
b= LPGHEE v — v d— (EEEE). /v 7t vt — BEtyH—4F(RE. HT. KE.LPHZ)
5=l BE IESEEIBHEEHELINTNICILPGHS, B TEBE ARV IT—FNIC4=OBEHEEREL
LPGHA BRIt TEZE
FLPGEHED I ZTRBEFI1EV S —OE# FERTHS.
GEHOEBEEEEE. By EICTRE
WLPGOEE HEEIE, M ~<ASSYOERE|CTEHR KE0CLOTER
6)HE AT a)BE100km/h 5E (ETEECESRREES)
MHEmEERS785KE (REEH1865kgE0)
CESEEER. EROFTY v FTELEIOkmET LB B EERD
EFERE BRELPGOT 2P 7 —IcT10kmET LB EHE ¥ =R
b)EESOkm N 4F (F—FWIc4E=DEHBEESE)
- ) L AW
(3)ECU %
LPHRDEEZEHIETHECUIL, BER G RIN=0. BEENEREAORFHECUZFEAL. HE

BEETIEORET IV VAN TEAZ—2EAL. RETFGEFELTERE - ARFOKR
[Z&Y, ECU @ LP ARMRHIER ELZAIASE. BUIREHNELRDLIIHEL TS,

d-+O—JL
AT

PV Mg
MEEELEFS
SR

bJL47e R EE

n—5—
A

A FEA—R—DE
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BEEEII I AATELTERFRHEER
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[ Svo—577=-5t7 mm

| DMODESTATU. | DovoLEMDtens | O

BEE BNEHRECHEAREZAELDDFa—=0T

(4)HhFAE

TA—EILAIOEFEFENITOTNVEN D, TOFFEHNTIER—XIVIOVOH NEKR
IBICHBAS=IC, AREREHEZERL LP AREFELFHEL. XA—XTUOVMADOH HEL
T3,

LPGR & LN

SEE

Bl

5t NFEA A
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(B EAEXRLEEARRIZONT
BUMIC LPGEBEA T 2EIAEBERREDANICAE CRREIT O

Dual Fuel>A5 L FART—9—

[ET%E4) BB 10Km FE:80Km/h(4:%F) &7:1500N
(BB D7 —FEE] TE:100.5 dry:10C BE:40% X BN

F—y [OEM EE {IEE Bst (Uv=

miE (RPM) (Km/h) (Kw) (kpa) ()
g m

M 2698 75.7 32.9 180 59 470 79

540 2700 75.7 327 179 55 496 84

80O 2700 75.8 32.7 178 52 494 84
B HEREE (cc) 11990 5.03km/L

LIl 2710 75.9 329 148 50 487 80
540 2700 76.8 33.1 145 44 491 82
80 2700 75.8 32.8 144 45 485 82
BRI (cc):1012  9.88km/l  {HUE:1.97
LPGI#AEE (cc):1019.6 9.81km/l
LPGEX:571+0.56=1019.6429
Dual&i+~8/H8M0d4:0.509 EHEHNSLPGICEBBRINIZES:149.1%

HERRLE
IR R EICEIL TS, EHEREEREL CERBENE.
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= Monday, February 2, 2015 Japan’s Energy & Logistics Seminar: Introducing
Dapan’s 1st Diesel-LPG Dual Fuel Truck

A seminar 1o publicize the Dual Fuel Truck to foreigners was held at Ohji Driving School in Tokyo. Guest speakers
were invited to speak on the current energy situation in Japan. Mr. Tom O'Sullivan (Mathvos) gave an overview

of Japan’s energy situation and Mr. Makoto Arahata (LPG Center) gave a detailed presentation on LPG use in Japan.
This event was also supparted by the Canadian Chamber of Commerce in Japan as they are encouraging various
technologies to secure a market for their energy resources. After the seminar, participants were able to test drive

the truck. I Mathyos Presentation 1» LPGC Presentation I» Daruma Energy Presentation
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