AR, 255, F1E
FZ7|AATF Y LP7I2ARAA A @

The Performance of Heavy—duty Single Cylinder Engine
with Various LPG Fuel Supply Systems

Changup Kim, Seungmook Oh, Kemyong Kang
KIMM, LP Gas Engine Task Force Team

1. A&

AN F7HALPG) ARE ol AHFe YAAREAN 28 HAREH 2745
gtom We A7s} A xFo| Hgo| o]FolA T U} YwrH o2 LPGY &
SEIFAANE 23719 713 Z(open loop) Al AAR FF TN H2|
= ¥ 3 Z(closed loop) Aole]l WA BALEA7x tgsiA EAsn o &
A o7 vete AS, oln MAANY LPGY A¥BAE BFsn %7 £7<
2 oy #Halz Aolel 7|A M (mixer)® AHEST AE Aot wrebA
Ao AHFE AAAQ £FAY, e Ao} HAEHAE JEFES AS
Udiso] YAAR LPGS FA5EE 223 o]Zo UA 2 AFA o
£ Agste AAolth

oy A o8 ZrlME ojel@ LPG 98 ¥AFN L 89
Qo g AsFIYAd vsd Be A3L F1 AE Hae a8
A9 AAEA AAdEe P dde] Hess By UY gL A7t
A8 Foln ojn] H&sto] Tost Yx AFot o8 yar 43
T 2 FNEN Y mgozH = ) QA= Y WY
oo WAANOE ol Axde FFHA =7 ol& Y AFEL
W Asgsor ¥ Yool ¢ A Rojh,

2 A7 gddne LPGY ANEALAY =g A% 7|zAFEA ©
JNE dirdRe o83t U AN LPGARS HErsAHe A3 J4E
A N2de TEE o8 7HA ARFIFeAd e dAdsHE 2 AAEA
gale] EXmele A% ATE AP

o

L ok i ol o
o @ 0 ool wt

N R ool o

hﬂ

— 137 —



-2, 43934 2 4394

2-1 4943 2 3

2 A7 4¥d3e FA 671%F 118HF dAJAE LPGE o2 Mz
AHEElRen, LPGELZ /lxd Al%S Table 19 Jelict Agqaxe
LPG AR o2 /Mzd7] f&iA dAdde A4 zge FaZa odHE
dAste FEFedas Hx € ¢ UAEFE e ¢EuE 71E9 1794 93
T 1082 @Fo] ALEEHT B W5 Q2d3L 7129 67]1F AR 5
71%E€ A JwoE 2 F 1A AAGEE ALgEA geElA 671F AR
A 1715 8E AHSEER HAAAQ 4o EVsEr] g ol YA Y
Ae AFFDC) 150kWFE A4t or FHAE oA glo] A1} FAdA
AH-3F A T

F7NHFEAR L F FZA(aminar flowmeter, Meriam 50MY15)8 o] &3}
R, 71A LPGS %<& TylanAte €4 §3FAE 44 LPGe %L AxA
& (balance) g ©] &3t FA3HT}. olFA FIFH FAuE uwir|EQel AxF
UEGO(universal exhaust gas oxygen) AA oA #FQatgrt AP @7 %
Axe]7] wfie] k8 ulclgle] e ul$ F83H olE YA AVLALY
Indiset 620 ZX& AL&3le] HAAIZE "ol 5 2 HYE sz, ¢FAME=
S/PE HEAAM(AVL, GUI2S)E AH&34rt AAZAHA APFANE 2 ARE
Figure 1, 2¢] JelfAc},

LPGY AAEAE 93t Qi AE = X AA(Siemens)AHe] bottom feedd ¢
DEKA-TI A ¥ (Figure 3)& AF&3tg 2 ©]9 Aloj9} A7l 2 & 1C5460
ZAul g o83 2 ¥re UM FFHAL 28 HF LPG 439 A8 =HA4E
AFR-3I R L ZEARANE AL LPGY 718tE A58 AH F7) iU E=d A
HoZ FAEA Foz2H ojFofHTh

2-2 499y

Ao A= 1000rpmoAA H3z AU 2200 pm7HA], 500 rpm% WA 3}
Al719 AP3A R, ol8F A 2HA AN W 25F 80CTE YAEA
FAAAG. G 4 =AANA 300 AolEE HESA AMsYT, =
(knocking) 848 #9t3t7] A 7S EA ANE A AR FAlC =
3, s

LPGY 9AFAE YN d5FFed s FAA7M2E ol &84 LPGY 93}
o 8% ¢HoFLZ(20 bar) ZHYEd FFEHARL, ©lE drddY ¢HH
25 &3S B9 EUHH vk AP obFd EAPL ¢AHA @it

— 138 —



3.4% % 23

3-1 AR AFA 2 Mixer A3

Basedlzlo] A L0]¢7] W&o o]E Sl(spark ignition)7]#o.2 MzFPon
MzE AW HF 2 Ao LPG g8 LS AEFY] g guy
ol 9&¥ LPG JEFTF WA UME o284 th Figure 4ol A3 A
H, B3dE Z3E A3 dFHA Feol el . dF¥E daAe
7 ARYA = EF3n HEE LPGAR LS vl$ 4AHA dAr4d5S RPe
w, Wj7]7k2 255 2200 rpmol A 800k ©)&tel e RAFAr). 1500 rpm7tA|
T IFd =AM BAIE = (knocking)BALZ  ¢EH] 93dAME
MBT(minimum advanced for best torque)d3}AI718 HEE $+ gUoy
2000rpm ©]’49] & AF A4y 2P MBTE 28 ¢ uch

3-2LPi &3 A3

LPG A4ds T3< A8lA APAEE A8 F AE Ale]E LPG 7]
g o839 /Edg dadTe AFY 93 Pz e A58 £3AAY

ANEALZ AF FrHo 2xAE AL dotny] YA Figure 5ol U
Ehd ulel Zo] {7 ofUES=H AUE 47d AR JAEAIZ A%
L3 E A5 SAsPYes 2= Figure 691 UYeEHAAT, dutygoz o
AR 2lF 73 F4UF uhd AR AAARZ Jhrte] AFE EFY)
9 &% F/E B F UAT AFEAE o83 QA RN FATE &
T A4l AP, olF Fe FALEE dxHdNY 27 EFY) 2
To AL AL Aold, AA JFT Aoz A ¢ 0= Hxo H)
717k 259 AHzte] yeiyth ol thg oM AFIHAAWN AFaL F
7t ZHA A AAARA £ F/b =7 /1UE F UG ojH T dFEAR
AF LEAZL xR L ojFAL FFNAME olE JAANIIE AHE 7t
At APa z+ 55 AEY AZFAHNE RAFHOH oA FHZE
MBTH3AI 7] & o 718A €48 F+ AdoA ¢F4] 93445 MBT +3
M5tk EEAE, W7ISE AL T HFFAHA A= Zol 48 T %
t}, A7+ Figure 7°] Yeld Aol

¥ oA
32 M ono

3-3 LPG 948 F394d e vu

g AHE Ao} JAEA AEFIFHAY o] FUALAJ t=EANY
Ne Az vlagozsa dvrydoz LA Z+ wAe AL AHERUG
Figure 8ol ol2]d da3F 44 BE dA Hs5E5A9 d3vu R 532
el AdE oz LPi wAe Frlexe ANFEFdE Ze d3zxCAA
ol kAo HlEAM ok 10% HES) AFEES] A5 2H F5E JMAKL
o olE AAEAZ Q¥ B U & fEoIUch oY e EFUIY
exE UM HY FHE 10%FEY EJFIAE ETHL wWrvts 2=

- 139 —



A, o1 dAx @49 dA 59 TAE o] WAY & ANTH FF2RAL @y
& olel@ AFRALS HARY FHHY HHE welFYoh

4. 48

Az LPG HZEAPZAE HE37] A 7zdT2A DT dad
Ag o848 4823 53 22 2EES 2€ F UAAT

1 A LPG 948 H&A & Al TAHA gston, dFoz
LPG d8E T3t HUWHE AL 27, Ady YL na
71tE R A F1FY @ 2EE FAY F YN

2. BEEAR QY R EFVY EE ¥ 10% AEY AMHEEY 45
29 A5, 717t 2= A, o)dda 3 dA T I AN
ct.

3 AAEA HAE 22 AXxACAA A R 4FHE YIS & F
Bl o8 7HA] AR s FHAHY FIMAFHE #o] d& + I

4. QAE ] g HEHAF A8 Y BAIR TAH AoE BT AFEA A&
92 LPGY FAPE FES o8  J& Jd8ITITYHLE Bdd

==

5. % 7]

2 ATALE LPG A5A RFWH(LG7E, SKh2)Y AUez 93
few, oo ZAE =Yt

6.

3l

ﬂ),ll

S
rl

1. M. van der Steen "Gaseous Fuels: Past Experiences and Future
Expectations”, TNO-paper VM9608 1996.

2. World LP Gas Association "Automotive LP gas - Today's Fuel for a
Cleaner Tomorrow” 3rd edition, 1998.

3. Bas Hollemans, L. Conti and P. de Kok, "Propane the 'Clean’ Fuel as the
Next Century for Light and Heavy Duty Vehicles” TNO-Paper VM9504,
1995,

4. M. van der Steen, J. de Rijke and J. J. Seppen, "Stoichiometric and Lean
Burn Heavy-Duty Gas Engines - A Dilemma between Exhaust Emissions
and Fuel Consumption?”, TNO-paper VM9605, 1996.

5. Bas Hollemans, M. de Roos, L. Conti and G. Margaria, "Regulated and Non

" Regulated Emissions of a Commercially Attractive LPG Vehicle”,
TNO-paper VM9502, 1995.

— 140 ~



6. B. R. Lutz, R. H. Stanglmaier, R. D. Mattews, J. Cohen and R. Wicker,
"The Effects of Fuel Composition, System Design and Operating Conditions
on In-System Vaporization and Hot Start of a Liquid-Phase LPG Injection
System”, SAE 981388, 1998.

7. J. A. Caton, M. McDermott and R. Chona, "Development of a Dedicated
LPG-Fueled Spark Ignition Engine and Vehicle for the 1996 Propane
Vehicle Challenge”, SAE 972692, 1997.

Table 1. Specifications of test engine

TE AZIAL ¥
AR ¥4 Inline 671% (171%)
7] & 11.149 L (1858cc)
Hol-33 130 -140
3] 93, 10
AgF I Mixer, Gas®A}, LPi

Fig. 1 Schematic diagram of Fig. 2. Photograph of the test engine

experimental apparatus and measurement systems
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Fig. 3. Photograph of DEKA-II Fig. 4. LPG engine test results with
injector mixer system
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Fig. 6. Temperatures in the intake

Fig. 5. Measurement positions of air manifold with LPi and mixer
temperature in the intake system
manifold
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Fig. 7. Engine performance results of LPi  Fig. 8. Engine output and volumetric
and mixer fuel supply systems efficiency with LPG fuel supply
systems
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