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Summary. In the paper some research results in relatiataid of liquid LPG sequential injection
influence on the useful parameters of spark ignieagine was presented. The main process that
decides about an engine’s working process is thghficharge supply into cylinder and air-fuel
mixture formation. In an engine fuelled with seqtigninjection of liquid LPG into the suction
manifold arms, the process of air-fuel mixture fatimn among other things depends on the start
of fuel injection, that directly influences useand ecological parameters.
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INTRODUCTION

The newest feed systems with LPG injection into ghetion manifold use petrol
electronic control unit for injection gaseous fdeke control. Command signal of petrol
injectors is converted to command signal of gasdoeisinjector opening in this type of
systems. LPG electronic control unit uses, amormggrothings: gas pressure signals,
accumulator voltage, gas temperature and they rdeterLPG injector opening signal.
In systems of gaseous phase fuel injection, the B9inLPG injection is longer than pet-
rol injection time. For systems with liquid phasgection, the time of LPG injection is
shorter than petrol injection time, instead. Thesults from energetic differences of
petrol doses for time unit in relation to LPG firgdl with gaseous or liquid phase.

In multipoint petrol injection systems the injectioto individual cylinders can be
realized simultaneously or sequentially. For siamdtous injection the cylinders are
grouped, and the injection is realized in the séime for this group of cylinders. For
sequential injection the start of injection for leagjector is individually controlled.

A fundamental problem for liquid propane-butangdtion is fuel warm-up in the
feed system [Dutczak 1999, 2003, Gola 2002, Jaw@@B5]. An increase of fuel tem-
perature is connected with a decrease of fuel ternsrequires an increase of fuel injec-
tion time. It is connected with fuel pressure chamg the feed system, that produces
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injection time shortening. In an extreme case, dbesequence of fuel’s warm-up is
vaporization into the fuel hoses and disturbancengine run [Cipollone 2000, 2002].

Start of injection in an engine fuelled with fuejdction into the suction manifold
influences the filling and air-fuel mixture creati processes. In petrol engines, for the
sake of the long time of fuel evaporation, thedtipmn is usually realized before opening
of inlet valve. Injection on the open valve enalidetter mixture distribution in the cyl-
inder and stratification with rich mixture zone ndhe spark plug area [Gisoo 2002,
Seungmook 2002, Enju Lee 2003].

Essential parameters of fuel injection are presancktemperature of fuel. The fuel
pressure influences the fuel stream formationl &ne air temperatures influence the fuel
vaporization process. It is hardly connected viitietand start of injection [Jeremy 2004].

An example of new feed system with LPG liquid sedia injection is VIALLE
fuelling system (Fig.1). This type of fuel systerasaused in the engine research [Jawor-
ski 2005, 2006], and the received results areubgest of this paper.

Fig. 1. Scheme of VIALLE fuelling system: 1 — LP&K, 2 — LPG pump, 3 — fuel pressure
regulator, 4 — petrol controller, 5 — LPG control@— LPG injector, 7 — first oxygen sensor,
8 — second oxygen sensor, 9 — engine speed sé&@selgamshaft position sensor, 11 — coolant
temperature sensor, 12 — air filter, 13 — exhaastagtalyst, 14 — fuel type switch

DESCRIPTION OF STUDIES
The tested object was six-cylinders spark igniteongine MD-111ET with turbo-

charger Cz K36. This engine is the modification of compressignition engine
MD-111E.1 of ,PZL Mielec” Engines Company.
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Configuration of the test stand (Fig. 2) include:

— hydraulic brake Schenck D-630E, enables smoothrieasge of engine load in
the all range rotational speed and output power,

— automated mass fuel consumption system AVL with kioro Motion sensors
FO025M and FO10M,

— mass air flowmeter system AVL, enables to obseorelustion air factor,

— combustion gas analyzing system PIERBURG type AMM®Q@ for measure-
ment of hydrocarbons and nitric oxides in the eshgas,

— combustion gas analyzer BOSCH type BEA-350 for mesament of carbon
monoxide in the exhaust gas and for combustiofaator analysis,

— computer system of high-variable signals acquisjtissed for measurement of
injector control signals, pressure into the suctiaanifold, engine valves lift, pressure
course in the 1 and 6 cylinders and crankshafttipaosiit includes measuring card Na-
tional Instruments AT-MIO-16E-1 and signal separaype NI-SCXI| 1125.
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Fig. 2. Scheme of the test bed: 1 — engine, 2 flcaimeter system, 3 — combustion gas analyzers,
4 — computer control with logging card, 5 — brafike; sensors of high-variable signals, 7 — signal
amplifiers, 8 — LPG tank, 9 — fuel consumption floeters, 10 — signal separator

The research was realized for fixed combustiorfaitor. =1 and for constant ig-
nition advance angle,,, = 16°. In each testing point, after thermal stabilizatmf an
engine there were measured working parameterseoéiigine and temperatures inside
the suction manifold (in points according to Fig. Research was realized for injection
starts from measuring range represented in Fidordtwo signal disk injection sensor
positions. In the first case, injection start waalized before and during the inlet valve
opening phase. In the second signal disk sensiiggduel injection was realized in all
range of open inlet valve.
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Fig. 3. Places of temperature measurement ins@subtion manifold (point marking, sensors

located in the symmetry axis of pipe)
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Fig. 4. Tested injection starts with signal dishs® position: a) first, b) second

RESEARCH RESULTS

Working medium temperature before inlet valve dgtliquid LPG injection while
inlet valve is closed is lower than injection whiatet valve is open (Fig. 5+10). It is
especially apparent for temperature inside thei@uananifold measured before inlet
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valve of cylinder 6. This can indicate, that sopaet of LPG fuel is supplied into the
cylinder in drops form and vaporizing inside cgln. For injection start at the crank
angle range from 14Qo 220 after top dead center in suction stroke, tempegatinto
the suction manifold before inlet valves are lowken for injection realized at the crank
angle range from®to 100 after top dead center in suction stroke.
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Fig. 5. Liquid LPG injection start influence thertperatures into the suction manifold
(n = 1500 rpm, injection time 4,6 ms); F temperature before inlet valve of 1 cylinder,
Te — temperature before inlet valve of 6 cylindeg; F temperature into main suction manifold,
Tkzp — temperature behind throttling valve
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Fig. 6. Liquid LPG injection start influence on teematures into the suction manifold
(n = 1500 rpm, injection time 6,9 ms); F temperature before inlet valve of 1 cylinder,
Te — temperature before inlet valve of 6 cylindeg; F temperature into main suction manifold,
Tkzp — temperature behind throttling valve
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Fig. 7. Liquid LPG injection start influence on teematures into the suction manifold
(n = 1500 rpm, injection time 8,9 ms); ¥ temperature before inlet valve of 1 cylinder,
Te — temperature before inlet valve of 6 cylindeg; F temperature into main suction manifold,

Tkzp — temperature behind throttling valve
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Fig. 8. Liquid LPG injection start influence on teematures into the suction manifold
(n =900 rpm, injection time 5,5 ms); F temperature before inlet valve of 1 cylinder,
Te — temperature before inlet valve of cylinder g; F temperature into main suction manifold,

Tkzp — temperature behind throttling valve
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Fig. 9. Liquid LPG injection start influence on teematures into the suction manifold
(n =900 rpm, injection time 6,6 ms); F temperature before inlet valve of 1 cylinder,
Te — temperature before inlet valve of 6 cylindegz F temperature into main suction manifold,
Tkzp— temperature behind throttling valve
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Fig. 10. Liquid LPG injection start influence omrtperatures into the suction manifold
(n =900 rpm, injection time 8,4 ms); ¥ temperature before inlet valve of 1 cylinder,
Te — temperature before inlet valve of 6 cylindegz; F temperature into main suction manifold,
Tkzp — temperature behind throttling valve

Changes of air-fuel mixture formation conditions different injection starts makes
different quality of this process. This effect chaa useful parameters of an engine (Fig.
11 and 12), quantity of toxic compounds in exhaast (Fig. 13 and 14) as well specific
emission [PN-EN ISO 8178, 1999-2004] of HC, CO hi@ (Fig. 15+17).
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Fig. 11. Liquid LPG injection start influence ontput torque N, filling efficiencyn,, total effi-
ciencyn, and energy consumption per unit @ = 1500 rpm, injection time 4,6 ms)
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Fig. 12. Liquid LPG injection start influence ontput torque N, filling efficiencyn,, total effi-
ciencyn, and energy consumption per unit g = 900 rpm, injection time 5,5 ms)
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Fig. 13. Liquid LPG injection start influence on @0Oncentration, COconcentration, HC concen-
tration, NQ, concentration of exhaust gas; (n = 1500 rpm, tigadime 4,6 ms)
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Fig. 14. Liquid LPG injection start influence on @@ncentration, COconcentration, HC concen-
tration, NQ,concentration of exhaust gas; (n = 900 rpm, injectime 5,5 ms)
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Fig. 15. Specific emission of HC for selected atign parameters (n = 900 rpm)
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Fig. 16. Specific emission of NGor selected injection parameters (n = 900 rpm)
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Fig.17. Specific emission of CO for selected in@mt{parameters (n = 900 rpm)

CONCLUSION

Change of injection parameters influences considgrthe air-fuel mixture forma-
tion quality [Kowalewicz 1984]. This is connectedttwuseful parameters of an engine.
The principal parameter is injection start. Chaafjiuel injection start is connected with
small change of cylinder filling efficiency\ & 0,98-1,02).

For LPG injection realized when the inlet valveopgen, the measured temperatures
inside the suction manifold arms increased. Injgctivhen the inlet valve is closed, as
well in the end period when it is open, makes tenaijpees lower. This shows that fuel
vaporizes inside the suction manifold. In spiteaadecrease of average temperature in
the cylinder for injection LPG into the suction rifaid with the stream oriented on the
open injection valve, NOQemission increases. The reason for this and a@sar in-
crease of output torque can be the following phesran

— injection realized when inlet valve is open withncarrent air flow improves
air-fuel mixture formation process, which in thase is more homogeneous,

— homogeneity of air-fuel mixture improves it igniti@bility and increases com-
bustion speed (it is the tendency for increasirgpdpof combustion for injection on the
open inlet valve, that produces higher peaks ofquee and maximal temperatures of
cycle),

— the quality of air-fuel mixture formation process influenced by dynamical
phenomena inside the suction manifold of engine,

— decreasing average medium temperature into thadsyi(especially in the de-
compression and exhaust phases) allows for andseref thermal efficiency,

Taking into consideration output torque, higheruesl were received for injection
start at the crank angle range from about t®0about 100 after top dead center in suc-
tion stroke, when the inlet valve is open.
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Research results show distinctly the dependenceeket injection parameters and
toxicity of combustion gas. Essential parameteas #ffect on the combustion gas toxic-
ity are start of injection and injection time (dpsEor injection start at the crank angle
range from 28100C° after top dead center in suction stroke, we hheehigher contents
of NO, in the combustion gas, than for asynchronous figje®r injection at the crank
angle range from 14220 after top dead center in suction stroke.

Calculated specific emission of N@ttains higher values at the injection starts for
lower useful parameters. Specific emissions of HE @O get the highest values outside
the range of injection start for which useful paesens were the best.

REFERENCES

Cipollone R., Villante C. 2000: A/F and liquid-pteasontrol in LPG injected spark ignition ICE.
SAE 2000-01-2974.

Cipollone R., Villante C. 2002: A dynamical anab/sif LPG vaporisation in liquid-phase injec-
tion systems. University of L’Aquila.

Dutczak J. 1999: Wplyw parametréw wtrysku propamntabu na wybrane wskaiki pracy silnika
ZI. Rozprawa doktorska, Politechnika Krakowska, kénar.

Dutczak J., Golec K., Papuga T. 2003: Niektére lmmly zwhzane z wtryskowym zasilaniem
silnikow ciektym propanem-butanem. Mat. VI ddizynarodowej Konf. Naukowej SILNIKI
GAZOWE 2003, Wydawnictwo Politechniki @tochowskiej, Cgstochowa.

Enju Lee, Jinwoo Park, Kang Y. Huh, Jaejoon Chéip@hgsik Bae, 2003: Simulation of fuel/air
mixture formation for heavy duty liquid phase LP@ection (LPLI) engines. SAE 2003-01-
0636.

Gisoo Hyun, Mitsuharu Oguma, Hinichi Goto, 2002D3=FD analysis of the mixture formation
process in an LPG DI Sl engine for heavy duty vesicTwelfth International Multidimen-
sional Engine Modeling User's Group Meeting Ageridtroit.

Gola M. 2002: Studium procesu roboczego silnikaptanie iskrowym zasilanego ciekltym buta-
nem wtryskiwanym do kolektora dolotowego. Rozprale&torska, Politechnika Radomska,
Radom.

Jworski A. 2005: Wplyw parametrow wtrysku sekwemego uktadu zasilania ciektym LPG na
wybrane parametryzytkowe silnika spalinowego. Rozprawa doktorska,itBohnika Rze-
szowska, Rzeszow.

Jaworski A., Kuszewski H., Lejda K., WdP. 2005: Niektére problemy zgzane z adaptagj
silnika do zasilania LPG w systemie wtrysku ciektetp kolektora dolotowego. Visnik Na-
cionalnogo Transportnogo Universitetu ta Transpmrskademii Ukraini, t.10, Kijow.

Jaworski A., Lejda K., Ustrzycki A. 2006: Wplyw @ametréw sekwencyjnego wtrysku ciektym
LPG na wybrane wskaiki pracy silnika MD-111ET. Mat. VII Midzynarodowej Konfer-
encji Naukowej SILNIKI GAZOWE 2006, Gatochowa.

Jermy M.C., Vuorenkoski A.K., Mahamed T.l., KapdEis Harrison M., Macartney M. 2004: The
structure of propane/LPG sprays from automotivé iftjectors as a function of fuel and am-
bient pressure by Mie and LIF imaging. 12th Intmpy App. of Laser Tech. to Fluid Me-
chanics, Lisbon.

Kowalewicz A. 1984: Tworzenie mieszanki i spalaniesilnikach o zaptonie iskrowym. WKit,
Warszawa.

Seungmook Oh, Seungyu Kim, Choongsik Bae, Changup, Kernyong Kang, 2002: Flame
propagation characteristics in a heavy duty LPGrengith liquid phase port injection. SAE
2002-01-1736.

PN-EN ISO 8178, a&¢ 1-4, 1999-2001.



