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Abstract: The need of fresh air breading, especially in
congested places and fuel price increasing led to new
solutions for Diesel engine fuelling. The alternative
fuels are a very good choice regarding pollutant
emissions and price decreasing. This paper objective
is to highlight comparative aspects between results
obtained in the case of fuelling a Diesel engine with
Diesel fuel and, respectively Diesel fuel and LPG,in
order to be also used at agricultural tractors, either
experimentally on test bed, or by thermodynamic
processes modeling. The computer software used in
this work is AVL Boost, a friendly and powerful
environment, built by AVL Austria. The created model
simulates a dual mode fuelling of a Diesel engine with
Diesel fuel and LPG.
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INTRODUCTION

The reduced LPG price and its good behavior regarding
pollutant emission made this fuel to be very attractive for
study, either experimentally or by computer modeling.

The development of engines in the last period requires
interest for what is happening inside the cylinder and
especially for the phenomena with the greatest
complexity, the combustion. Many researchers applied
engine cycle computing models, this models being
calibrated with experimental methods. The engine
processes computing started in 1950 with simple
thermodynamic models [13], afterward appearing multi
zone models in 1970 [13]. By using computer modeling
precious time can be saved, test bed measurements
requiring long time for equipment calibration and
preparing and money, because the engine is turned off
and the fuel is saved. By modeling can be investigated
phenomena like: dual fuelling system influence, injection
timing influence, engine speed influence, fuel cycle dose
influence, supercharging pressure influence over
pollutant emission and engine energetic performance etc.
In the case of using LPG, as an alternative fuel which
replaces a part of Diesel fuel, like in this work, can be
showed its substitute ratio influence. A dual fuel system
was studied by J. Barata in the paper [4], the author
being interested about pollutant emissions in the case of
propane fuelling. Important results were obtained,
especially for the nitric oxides emissions level, which was
lesser than standard engine emission for all the studied
regimes and for unburned hydrocarbons reducing the
EGR quantity increasing was necessary. Due to EGR
increased quantity, the combustion become faster,
because of the presence of radicals [3]. Another very
important aspect for a Diesel engine is the combustion
noise. This noise was studied first by Ricardo in 1931
[12], and a very tight connection between the combustion
noise and the rate of pressure rise was discovered [12].
This fast rate of pressure rise creates a sound wave
which propagates in the engine mass and produces
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Rezumat: Nevoia de a respira un aer mai curat, mai
ales in zonele aglomerate, precum si cresterea pretului
combustilului a condus la gasirea de noi soluttii pentru
alimentarea motorului Diesel. Combustibilii alternativi
sunt o foarte bunéa alegere in ceea ce priveste emisiile
poluante si pretul. Obiectivul acestei lucrdri este
evidentierea unor aspecte comparative intre rezultatele
obtinute in cazul alimentarii motorului Diesel cu
motorind, respectiv motorina si GPL, in vederea utilizarii
si la tractoarele agricole, atat experimental pe standul
de incercari, céat si prin modelare. Software-ul utilizat Tn
aceasta lucrare este AVL Boost, un mediu prietenos si
foarte performant, realizat de firma AVL Austria.
Modelul creat simuleazd un motor Diesel alimentat in
mod dual cu motorina si GPL.

Cuvinte cheie: motorinad, ardere, lege de degajare a
céldurii, poluanti, lege de injectie

INTRODUCERE

Pretul redus al GPL-ului si nivelul redus al emisilor
poluante fac acest combustibil foarte atractiv pentru
studiu, atat experimental, cat si prin simulare.

Dezvoltarea motoarelor din ultima perioada necesita
un interes deosebit asupra a ceea ce se intampla in
interiorul cilindrului si mai ales asupra a celui mai
complex fenomen, si anume arderea. Mulfi cercetatori au
aplicat modele de calcul ale ciclului motor, aceste modele
fiind calibrate prin metode experimentale. Modelarea
computerizata a proceselor a inceput in anul 1950 cu
modele termodinamice simple [13], aparand dupa aceea
modele multizonale Tn 1970 [13]. Utilizdnd simularea
computerizata se poate economisi atat timp pretios,
masuratorile pe stand necesitand un timp indelungat
pentru calibrarea si pregatirea echipamentelor, precum si
bani, nemaifind necesara functionarea motorului. Prin
modelare se pot investiga fenomene ca: influenta
sistemului dual de alimentare, a dozei de combustibil pe
ciclu, a presiunii de supraalimentare asupra emisiilor
poluante si performantelor energetice ale motorului etc.
In cazul utiliz&rii GPL-ului ca si combustibil alternativ care
inlocuieste o parte din motorind, asa cum se analizeaza
in aceasta lucrare, se poate evidentia efectul gradului de
substitutie al motorinei cu GPL. Un sistem dual de
alimentare a fost studiat de J. Barata in lucrarea [4],
autorul fiind interesat de nivelul emisiilor poluante in
cazul alimentarii cu propan. Au fost obtinute rezultate
importante, Tn special pentru emisia de oxizi de azot, care
a fost mai redusa decat cea a motorului standard pentru
toate regimurile studiate, iar pentru reducerea emisiei de
hidrocarburi nearse a fost necesara marirea gradului de
recirculare a gazelor arse. Odata cu cresterea cantitatji
de EGR, arderea a devenit mai rapida datorita prezentei
radicalilor [10]. Un alt important aspect in functionarea
motorului Diesel 1l reprezinta zgomotul de ardere. Acesta
a fost studiat prima data de Ricardo in 1931 [12], el
descoperind o stransa legatura intre zgomotul de ardere
si viteza de crestere a presiunii [12]. Cresterea rapida a
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vibrations. The combustion noise can be increased or
decreased by many facts: the use of a Diesel fuel — water
emulsion [6, 15]; steam injected in intake plenum in the
case of dual fuel system operation [16, 17]; fuelling with
gaseous fuels like: LPG, methane or other gases [18,
17]. In the work [14], the author realized a quasi
dimensional model, combined with a kinetic mechanism,
to study the combustion process for an engine fuelled in
dual system, at part load, with EGR quantity and Diesel
fuel pilot increasing. The work achieved result like
proper combustion positioning near TDC, EGR quantity
optimization for unburned hydrocarbons reducing at the
same level with the standard engine. The injection rate
modifying was studied by A. Voicu in [20], using a quasi
dimensional model written by AVL from AVL Boost
software. Was investigated the influences of modifying
the injection rate from a standard one to a fractioned
one, with Diesel fuel pilot, over energetic and pollutant
performances, for a tractor Diesel engine fuelled in
dual system. The study led to the brake thermal
efficiency increasing and polutant emission optimization
according with the engine manufacturer limits [19]. In
[5], the authors studied the influence of injection timing
for a tractor engine fuelled with Diesel fuel and
hydrogen enriched gas. The software used was AVL
Boost 2009. After injection timing optimization, the
following results were obtained: a slight increase of the
brake thermal efficiency, a slight increase of the
cylinder maximum pressure, a significant reducing for
the carbon monoxide emission but an increase of the
nitric oxides emission [5]. Abd Alla et al. [1, 2]
developed a model used for combustion computing in a
Diesel engine with indirect injection and fuelled with a
dual system. The model predicted the engine energetic
performance and studies the effect of the gaseous fuel
mixing kinetic mechanisms and the role of the Diesel
fuel pilot injection. Also, the EGR influences were
investigated. For the combustion study in this case of
dual fuel system, a double Vibe function was used.
Karim et al [8, 9], investigated the EGR influence
analytic, by modeling self ignition in air-propane, air-
methane mixtures. The results led to the fact that the
EGR benefits could be deteriorated by the dilution
effect.

The paper shows the effects of using LPG at a Diesel
engine either experimental or by modeling.

MATERIAL AND METHOS
Theoretical and experimental investigations

Both theoretical and experimental analysis were made
on a K9K 792 dCi Diesel engine, at the 85% load
regimen and 2000 rpm, fuelled with LPG using Diesel-
Gas method with different substitute ratios of the Diesel
fuel. In the engine cylinder is burnt an air-LPG
homogeneous mixture ignited by Diesel fuel pilot prior
injected. The engine parameters are presented in table 1
and LPG properties in Table 2.
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presiunii creaza o unda de soc care se propaga in
intreaga masa a motorului si produce vibratii. Zgomotul
de ardere poate fi modificat in sensul cresterii sau
descresterii prin mai multe procedee: utilizarea unei
emulsii apa-motorina [6, 15], injectia de abur in colectorul
de admisie in cazul utilizarii unui sistem dual de
alimentare [16, 17], alimentarea cu combustibili gazosi
cum ar fi: GPL, metan sau alte gaze [18, 17]. In lucrarea
[14], autorul a realizat un model cvasidimensional,
combinat cu un mecanism cinetic, in scopul studierii
procesului de ardere pentru un motor Diesel alimentat in
mod dual, la sarcini partiale si cu cresterea cantitafii
EGR. Lucrarea a avut rezultate ca: pozitionarea arderii
langa PMI, optimizarea cantitati EGR pentru reducerea
emisiei de hidrocarburi nearse pana la nivelul motorului
standard alimentat cu motorina. Modificarea legii de
injectie a fost studiata de A. Voicu in [19], folosind un
model cvasidimensional al firmei AVL. Au fost investigate
influentele modificarii legii de injectie de la cea standard
la una cu pilot de motorina, asupra performantelor
energetice si de poluare ale unui motor de tractor
alimentat n sistem dual. Studiul a dus la cresterea
randamentului efectiv si optimizarea emisiilor poluante in
limitele impuse de fabricant [20]. Tn [5], autorii au studiat
influenta avansului la injectie pentru un motor de tractor
alimentat cu motorind si gaz bogat in hidrogen.
Programul utilizat a fost AVL Boost 2009. Dupa
optimizarea avansului au fost obtinute urmatoarele
rezultate: o usoara crestere a randamentului efectiv, o
crestere usoara a presiunii din cilindru, o reducere
semnificativa a emisiei de monoxid de carbon, dar o
crestere a emisiei de oxizi de azot [5]. Abd Alla et al. [1,
2], au dezvoltat un model de calcul al arderii pentru un
motor Diesel cu injectie indirecta si alimentat cu un sistem
dual. Modelul a prezis performantele energetice si studiaza
efectele mecanismelor cinetice de amestecare ale
combustibilului gazos si rolul injectiei pilot de motorina.
De asemenea, influentele EGR au fost investigate.
Pentru studiul arderii Tn acest caz al sistemului dual de
alimentare a fost utilizata o lege dubla Vibe. Karim si altii
[8, 9] au investigat influenta EGR prin modelarea analitica
a autoaprinderii unor amestecuri de aer-propan, aer-
metan. Rezultatele au condus la faptul ca efectele
benefice ale EGR pot fi diminuate de efectul de dilutie.

Lucrarea prezinta unele efecte ale utilizarii GPL la
motorul Diesel atat experimental cat si teoretic.

MATERIAL S| METODA
Investigatii teoretice si experimentale

Atat analiza teoretica, cat si cea experimentala a fost
efectuatd pe un motor Diesel K9K 792 dCi, la regimul de
85% sarcina si 2000 rpm, alimentat cu GPL prin
procedeul Diesel-Gas si cu diferite grade de substitutie
ale motorinei. in cilindru este ars un amestec omogen de
aer-GPL aprins de pilotul de motorina. Parametrii
motorului sunt prezentati in tabelul 1, iar proprietatile GPL
in tabelul 2.

Table 1/ Tabelul 1

Bore / Alezaj 76 mm
Stroke / Cursa 80.5 mm
Compression ratio / Raport de comprimare 18.3

Total displacement / Cilindree totald 151
Connecting rod length / Lungimea bielei 134 mm
Maximum power @ speed / Putere maxima @ turatie 52 kW @ 3900 rpm
Maxim torque @ speed / Moment maxim @ turatie 156Nm @ 2000rpm
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Table 2/ Tabelul 2
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LPG properties, comparing to Diesel fuel [7]

Properties / Proprietéti Dﬁi?gﬁg / P::?g;gﬁ / B;Iftlgﬁ /
Density / Densitate [kg/m?3] 800-840 503
Xi?ﬂ'éaf}é’ r;;:oartiéare [kJ/kg] 465 420
?::;:c?gg&?atedrgrfﬁggeriédere rc 225 481 544
Limite de iamabitiate (4 0655 2195
éloFmrSltjgti/bﬁa[llfglﬁg?er/ 15 15.71 15.49
Tomperatura idoai °C 2054 1990
2312?5 Eaelﬁtrii?iga“vj‘i#;if)ara“ [MI/m?] 3,6x10° 2,3x10*
53312?5 cr:]aelﬁtrii?iga'vgvhfj;ii)ara“ [MJ/kg] 425 46.34 45.55
O cetanica (€] 4055 2
E(Jirlmigtgdgofiigtrl/aere [°C] 71-193 -42.1 -11.7

IN CYLINDER PROCESSES MODELING

All the engine cylinders are identical; therefore the
mathematical model was made only for one cylinder. The
software used was AVL Boost, the model being
presented in figure 1. The injector presented in figure is
used for LPG gaseous injection.

E¥|BOOST - model_logan_amestec - Case 1 of Case Set 1
Frograms  File  Edit

MODELAREA PROCESELOR DIN CILINDRUL MOTORULUI

Toti cilindrii motorului sunt identici, asadar modelul
matematic a fost realizat doar pentru un cilindru.
Software-ul utilizat a fost AVL Boost, modelul fiind
prezentat in figura 1. Injectorul prezentat in figura este
utilizat pentru injectia de GPL n stare gazoasa.
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Fig. 1 - The model created in AVL Boost / Modelul creat in AVL Boost

General parameters of the engine are presented in
figure 2 and those belonging to the equivalent element of
the cylinder are presented in figure 3.
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Parametrii generali ai motorului sunt prezentati in
figura 2, iar cei ai elementului echivalent al cilindrului in
figura 3.
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Fig. 3 - The cylinder equivalent element parameters / Parametrii elementului echivalent al cilindrului

The combustion model chosen is one developed by
AVL, named AVL MCC (Mixture Controlled
Combustion) [3]. One of the model hypotheses: due to
developments in recent years, the ignition delay is
shorter than it was in old period, and the time between
injection and auto-ignition became very close [3]. So
the heat release is considered to be controlled by the
fuel quantity available and the turbulent kinetic energy
density [3]:

dQ

fl(Mf’Q)sz

fo(k,\V) =exp(C

Where:
Cmod - model constant [kJ/kg/deg CRA];
Crate - CONstant of mixing rate [s];
k - local density of turbulent kinetic energy [m?/s?];
Mt - injected fuel mass [kg];
LCV - the lower heating value [kJ/kg];
Q - cumulative heat release [kJ];
V - instantaneous cylinder volume [m3];
¢ - crank angle [deg CRA].

d_ = Cmodfl (Mf ’Q)*fz (k’\/) (3]
%4
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Modelul de ardere ales este unul dezvoltat de AVL,
numit AVL MCC (ardere controlatd prin fenomenul de
amestecare) [3]. Una din ipotezele modelului: datorita
dezvoltarii motoarelor, intarzierea la autoaprindere are o
durata mai mica decat avea in trecut, si deci durata de
timp dintre injectie si autoaprindere a devenit foarte mica
[3]. Deci degajarea de caldura se considera a fi controlata
de cantitatea de combustibil disponibila si de densitatea
de energie cinetica turbulenta [3].

(1)
Q
—-—F” [3 2
oy @ )
Jk
3)

rate W) [3]

Unde:
Cmod — constanta modelului [kJ/kg/deg RAC];
Crate - CONstanta ratei de amestecare [s];
k - densitatea locala a energiei cinetice turbulente [mzlsz];
M - masa de combutibil injectata [kg];
LCV - puterea calorifica inferioara [kJ/kg];
Q - caldura degajata [kJ];
V - volumul instantaneu al cilindrului [m°];
¢ - unghi rotatie arbore cotit [deg RAC].
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Since the effects of squish and swirl over the kinetic
energy are relative small, only the kinetic energy from the
fuel spray is taken into account [3]. The amount of kinetic
energy introduced into the cylinder charge is determined
by the injection rate using the following relation:

de

Where:
UA - effective nozzle hole area [m?;
Pr - fuel density [kg/m?);

Vi - injection rate [m*/s];
n - engine speed [rpm].

For the calculation of the instantaneous level of kinetic
energy the dissipation should be taken into account also
[3]. The dissipation is considered proportional to the
kinetic energy.

dEkin,F,dis _

dE in n )
—kinf =18p, *(y_A)2 *\/  [3]
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Cum efectele fenomenelor de squish si swirl asupra
energiei cinetice sunt relativ mici, doar energia cinetica a
jetului de combustibil este luatd in considerare [3].
Cantitatea de energie cinetica este determinata din legea
de injectie, utilizand urmatoarea relatie de calcul:

3

“

Unde:
UA - aria efectiva a orificiului pulverizatorului [mz];
Pr - densitatea combustibilului [kg/mg];

Vi - debitul volumic de combustibil [m3/s];
n - turatia motorului [rpm].

Pentru calculul nivelului instantaneu al energiei cinetice,
disipatia trebuie deasemenea luata in considerare [3].
Disipatia se considera a fi proportionala cu energia
cinetica.

dEkin,F (5)

de

With oxidation, the kinetic energy of the jet is
transferred to the combustion gas [3]. So only the kinetic
energy of the unburned fuel can be utilized for mixture
preparation [3]. The local turbulent kinetic energy density,
k, is given by:

C..
— Ekin,F,dis [3]

d 6n

4

Odata cu oxidarea jetului, energia sa cinetica este
transferata gazelor de ardere [3]. Deci doar energia
cinetica a combustibilului nears poate fi utilizata pentru
pregatirea amestecului [3]. Densitatea locald de energie
cinetica turbulenta, k, este data de:

Ekin,F,Diss

[3] (6)

k = Cturb
M F (l+ ﬂ’Diff mstoich)

The constant Cpypp considers the efficiency of the
transformation from kinetic energy to turbulent energy [3].

Ciurp - constant for turbulence generation [-];

EyinF - jetkinetic energy [J];

Ekin,F'Diss - jet kinetic energy considering dissipation
[J1;

Mgioich - Stoichiometric mass of fresh charge [kg/kg]

ADiff - air excess ratio for diffusion burning [-]

The combustion model is defined in figure 4, and
injection model in figure 5. The rate of injection was
modified according to the studied regime.

Constanta Cpyyrp considera eficienta transformarii
energiei cinetice Tn energie turbulenta [3].

Cturb - constanta pentru generarea turbulentei [-];
Ekin,F - energia cinetica a jetului [J]

energia cinetica a jetului considerand

E kin,F,Diss
disipatia [J];
Mgt oich -Masa incarcaturii proaspete la dozaj stoichiometric [kg/kg];
Api 15 - coeficientul de exces de aer pentru arderea difuziva [-];

Legea de ardere este definita in figura 4, iar legea de
injectie In figura 5. Legea de injectie a fost modificata in
functie de fiecare regim.
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Fig. 4 - The combustion model parameters / Parametrii legii de ardere
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Fig. 5 - Normalised rate of injection / Legea normalizaté de injectie

The mathematical model takes also into account Modelul matematic ia de asemenea in considerare si
the wall heat transfer. The heat transfer for high transferul de caldura la pereti. Transferul de caldura la
pressure cycle is evaluated by Woschni equation pereti pentru ciclul de inaltd presiune este evaluat de
[3]. relatia lui Woschni [3]:

-02 08T -053 VDT01 08
a, =130D"%? p2°T,**[C,c, +C, —2 - (p, - p,,)]°° [3 ™
c1Vc1
Ci =2.28+0.308*C/Cnm Ci =2.28+0.308*cu/Cnm

C, =0.00324 for direct injected engines; C, =0.00324 pentru motoare cu injectie directa;

C, =0.00622 for indirect injected engines; C, =0.00622 pentru motoare cu injectie indirecta;

D -cylinder bore; D  -diametrul cilindrului;

Cm -mean piston speed; Cm -viteza medie a pistonului;

Cu -circumferential velocity; Cu -viteza tangential3;

Vb - displacement per cylinder; Vp - cilindreea unitara;

Pco- cylinder pressure of the motored engine [bar]; Pco- presiunea din cilindru n ciclu antrenat [bar];

Tea - temperature in the cylinder at intake valve Tea - temperatura din cilindru la inchiderea supapei
closing (IVC); de admisie;

P¢1- pressure in the cylinder at intake valve closing IVC P¢1- presiunea din cilindru la inchiderea supapei de
[bar]; admisie ISA [bar].

For the gas exchange processes, the heat transfer is Pentru procesele de schimb de gaze transferul de
evaluated by the following relation: caldura este evaluat de urmatoarea relatie:

a, = 130D 2 p2'8T0_0'53[C30m]0'8 3] ®)

C3=6.18+0.417* cu/Cm

Figure 6 presents the heat transfer input parameters. Figura 6 prezinta parametrii de intrare ai transferului de caldura.
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Fig. 6 - The heat trasfer input parameters / Parametrii de intrare ai transferului de caldura.
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Experimental investigations

Experimental investigations were made on the
engine mentioned above, equipped with a LPG fuelling
system, at load 85% and 2000 rpm. The test bed
equipment usetoSchenck E90 eddy current engine
dynamometer, load actuator, AVL acquisition system,
AVL piezoelectric pressure transducer, AVL DiCom
4000 gas analyzer and opacimeter, Optimass fuel mass
flow meters, Khrone volumetric air flow meter,
thermocouples and thermoresistences for temperature
measuring, gas leak detector. Prior to measurements,
equipments were calibrated.

The engine parameters are presented in the table 1 and
the test bed diagram in figure 7.

—] temperature measuring point
— pressure measuring point

B intake circuit
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REZULTATE
Investigatii experimentale

Investigatiile experimentale au fost facute pe motorul
mentionat mai sus, echipat cu un sistem de alimentare cu
GPL, la regimul de sarcind 85% si 2000 rpm. Echipamentele
standului de incercari sunt: fréna cu curenti turbionari
Schenck E90, actuator de sarcina, sistem de achizitie de
date AVL, traductor piezoelectric de presiune AVL, analizor
de gaze si opacimetru AVL Dicom 4000, debitmetre
masice de combustibil Optimass, Debitmetru volumic de
aer Khrone, termocupluri si termorezistente pentru

masurarea temperaturii, detector de scurgeri de gaz.
Tnainte de méasuratori toate aparatele au fost calibrate.

Parametrii motorului sunt prezentati in tabelul 1, iar
schema standului in figura 7.

B exhaust circuit
Il LFG fueling systemn

B  diesel fuelling system

--- electric connections

16

—

Fig. 7 - Test bed diagram / Schema standului

1 — 1.5 dci Diesel engine; 2 — engine cooling system; 3 — engine
water cooler; 4 — intercooler fan; 5 — engine angular encoder; 6 —
AVL piezoelectric pressure transducer; 7 — Diesel fuel injector; 8 —
LPG injector; 9 — Turbocharger; 10 — intake air drum; 11 — intake
air flow meter; 12 — exhaust gas recirculation; 13 —Schenck E90
dyno; 14 — dyno-engine coupling; 15 —Schenck E 90 dyno cooling
water pump; 16 —dyno cooling system; 17 —AVL Dicom 4000 gas
analyzer; 18 —AVL Dicom 4000 Opacimeter; 19 —AVL charge
amplifier; 20 — PC + AVL data acquisition system; 21 —Schenck E
90 dyno controller; 22 — temperatures displays: a) — exhaust gas;
b) — intake air; ¢) — engine oil; d) — engine cooling liquid; e) —
engine oil pressure; 23 — Diesel fuel and LPG injection control
Laptop; 24 — Diesel fuel tank; 25 — Diesel fuel mass flow meter; 26
— fuel filters; 27 — high pressure pump for common Rail; 28 —
Common Rail; 29 — LPG tank; 30 — LPG mass flow meter; 31 —
LPG vaporizer; 32 —LPG ECU; 33 -Diesel engine ECU; 34 —
intercooler; 35- supercharge pressure measuring system; 36-
throttle actuator.

Working procedure

For each energetic substitute ratio of the Diesel fuel
with LPG investigated, the Diesel fuel cycle dose is
reduced and LPG cycle dose is increased to keep the
standard engine power, either for test bed or computer

modeling. Energetic substitute ratio X, is evaluated by
relation 9:

My H iLre

X_

1 — motor Diesel 1.5 dci; 2 —sistem de racire motor; 3 —radiator
motor; 4 —ventilatorul racitorului intermediar; 5 — traductor de
unghi; 6 — traductor piezoelectric de presiune AVL; 7 —injector de
motorina ; 8 —injector de GPL ; 9 —Turbocompresor ; 10 —vas de
linigtire ; 11 — debitmetru de aer; 12 — EGR; 13 —frana Schenck
E90; 14 —cuplajul franei ; 15 —pompa de racire frana Schenck E
90; 16 —sistem de racire frana; 17 —AVL Dicom 4000 analizor de
gaze; 18 —AVL Dicom 4000 Opacimetru; 19 —amplificator de
sarcina AVL; 20 — PC + AVL- sistem de achizitie de date; 21 —
controler Schenck E 90; 22 —afisaje de temperatura: a) — gaze de
evacuare; b) aer admisie; ¢) — ulei motor; d) — lichid de racire; e)
—presiune ulei; 23 — Laptop control injectie motorina si GPL ; 24 —
rezervor motorina; 25 — debitmetru masic motorina;-26 filtre de
combustibil; 27 — pompa Tnalta presiune common rail; 28 —rampa
comuna; 29 — rezervor GPL; 30 —debitmeru masic GPL; 31 —
Vaporizator GPL; 32 -LPG ECU; 33 -ECU motor; 34 -
intercooler; 35- sistem masurare presiune supraalimentare; 36-
actuator sarcina.

Procedurade lucru

Pentru fiecare grad de substitutie al motorinei cu GPL
investigat, doza de motorina este redusa, iar doza de GPL
marita pentru a mentine puterea motorului la nivelul celei
standard, atat Th cazul masuratorilor pe standul de incercari,
cat si In cazul modelarii matematice. Gradul de substitutie

energetic a motorinei cu GPL X este evaluat de relatia 9:

¢ =
mLPGH'

+ mdieselfueIH

ILpg

[11] 9)

Idieselfuel
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Where:
My pg- LPG cyclic dose measured with fuel mass flow meter;

Mgjeselfuel-Diesel fuel cyclic dose measured with fuel

mass flow meter.
H;- the caloric heating value.

RESULTS
First was determined the reference fuelling the

engine only with Diesel fuel, than Diesel fuel was
partially substituted with LPG. The engine power was
conserved. Figures below presents LPG influences
over cylinder pressure, temperature and pollutant

emissions.
In figure 8 is presented measured and calculated

cylinder pressure, for the reference case.
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Unde:
Mm; pg- doza de GPL masurata cu debitmetrul masic;

Mgjeselfuet-doza de motorina masurata cu debitmetrul

masic;
Hi- puterea calorifica inferioara.

REZULTATE
Mai intdi a fost determinata referinfa alimentand

motorul numai cu motorina, apoi motorina a fost substituita
partial cu GPL. Puterea motorului a fost conservata.
Figurile de mai jos prezinta influenta GPL-ului asupra
presiunii din interiorul cilindrului, temperaturii, emisiilor
poluante si consumului de combustibil.

Tn figura 8 este prezentata evolutia presiunii din cilindru,
atat masurat, cat si prin calcul, pentru cazul de referinta.

=== measured / masurat
w——calculated / calculat

-?00

0 100

alfa [degCRA]

Fig. 8 - Measured and calculated cylinder pressure for the reference case /
Presiunea masurata si calculata pentru cazul de referinta.

According to the working procedure, LPG was
introduced in intake collector using Diesel-Gas method.
Three energetic substitute ratios were studied: x.=2.46,
6.76 and 28.39. For a proper combustion positioning near
TDC, the injection timing was modified. Figure 9 presents
the cylinder pressure trace either for measurement or
modeling for the first substitute ratio studied x.=2.46. The
maximum pressure is maintaining almost the same like in
the case of Diesel fuel.

fn concordantd cu procedura de lucru, GPL-ul a fost
introdus in colectorul de admisie folosind metoda Diesel-
Gas. Trei grade de substitutie au fost studiate: x.=2.46,
6.76 si 28.39. Pentru o pozitionare corecta a arderii fata
de PMI, avansul la injectia pilotului a fost modificat. Figura
9 prezinta evolufia presiunii pentru gradul de substitutie
Xc=2.46, atat in cazul masuratorilor, cat si al modelarii.
Presiunea maxima se mentine aproape la acelasi nivel ca
in cazul alimentarii cu motorina.

1207
=110}
100¢

90
80F
701
60r

lindru [ba

cylinder pressure [bar]| /
din ci

presiunea

===measured / masurat
=—=calculated / calculat

I

-100

0 100
alfa [degCRA]

Fig. 9 - Measured and calculated cylinder pressure for x.=2.46 /
Presiunea din cilindru masurata si calculata pentru x.=2.46.
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The increase of the LPG quantity led to a higher
maximum pressure because of increases of the
heat released. This can be observed in figures 10
and 11.

o
—
=

cylinder pressure [bar] /
presiunea din cilindru [bar]

oo -100
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Cresterea cantitatii de GPL a dus la cresterea presiunii
maxime datorita cresterii catitatii de caldura degajate in
timpul fazei arderii rapide. Acest aspect poate fi evidentiat
n figurile 10 si 11.

===measured / masurat
=== calculated / calculat

mm————

0 100 200

alfa [degCRA]
Fig. 10 - Measured and calculated cylinder pressure for x.=6.76 /
Presiunea din cilindru masurata si calculata pentru x.=6.76.

Even if the maximum pressure increases, it doesn’t
affect the engine durability.

140
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100

S XX
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40

cylinder pressure [bar] /
presiuena din cilindru [bar]

20

o -100

Cresterea moderata a presiunii nu afecteaza
durabilitatea motorului.

L

0 100 200

alfa [degCRA]
Fig. 11 - Measured and calculated cylinder pressure for x,=28.39 /
Presiunea din cilindru masurata si calculata pentru x.=28.39.

Regarding the maximum computed cylinder
temperature, it increases from T=1985 K (obtained for
Diesel fuel) to T=2057 K (obtained for the maximum
substitute ratio investigated). The cylinder temperature
trace for all the studied cases is presented in figure 12.

In ceea ce priveste temperatura calculatd maxima,
aceasta creste de la T=1985 K (obtinuta pentru motorina)
la T=2057 K (obtinuta pentru gradul maxim de substitutie
investigat). Evolutia temperaturii din cilindru este
prezentata in figura 12.
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. G = diesel fuel / motorina
S < ===xc=2.46
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100

Fig. 12 - The computed cylinder temperature for all the studied cases /
Temperatura calculatd pentru toate cazurile studiate
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Regarding pollutants, two emissions were investigated:
nitric oxides emission and smoke emission, represented
by soot. For computed model, the emissions are modeled
in the following way: for the nitric oxides emission
calculation, the extended Zeldovich mechanism is
employed [3] and for the soot emission is taken into
account the hypothesis that the concentration of soot in
the exhaust gases is determined by formation and

INMATEH — 7 inceti

Din punct de vedere al emisiilor poluante, doua emisii
au fost studiate: oxizii de azot si fumul, reprezentat de
funingine. Pentru modelul calculat, formarea emisiilor este
modelata astfel: pentru emisia de oxizi de azot este folosit
mecanismul Zeldovich extins [3], iar pentru emisia de
funingine se ia in calcul ipoteza conform careia
concentratia de funingine din gazele de evacuare este
determinata de legile de formare si oxidare [3]. Ecuatiile

oxidation laws [3]. The folowing ecuations describe soot urmatoare descriu legile de formare si oxidare ale
formation and oxidation laws: funinginii:
dm -E
sf 05 sf
=Amgpexp(—) B3l )
dt RT
dm p -E
sC __ 02 18 sc
—- =AM —=prexp(—=*) B3] (10)
dt p RT
Where: Unde:
Ms- SO0t mass ms- masa funinginii
M¢g- gaseous fuel mass M¢g- masa combustibilului gazos
msi- SO0t mass formed msi- masa de funingine formata
Msc- SO0t mass oxidized Msc- Masa de funingine oxidata
Ess- activation energy formation Es+- energia de activare pentru formare
Esc- activation energy oxidation Esc- energia de activare pentru oxidare
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Fig. 13 - The AVL Boost pollutants model /
Modelul de calcul al poluantilor in AVL Boost

The NOy emission is lower than in the case of Diesel
fuel for all the substitute ratios used, either for
measuring of modeling. This is possible because in the
case of using LPG, the excess air ratio become lower.
In table 3 are presented the nitric oxides emissions
levels for all cases, measured and computed with AVL
Boost.

The nitric oxides emissio

Emisia de NOy este mai mica decéat in cazul alimentarii
cu motorina pentru toate gradele de substitutie investigate.
Acest lucru este posibil deoarece in cazul utilizarii GPL
coeficientul de exces de aer scade. In tabelul 3 este
prezentat nivelul emisiei de oxizi de azot pentru toate
cazurile investigate, atat pentru masuratori, cat si pentru
modelare in AVL Boost.

Table 3/ Tabelul 3
n / Emisia de oxizi de azot

measured / Computed / Relative error /
Case / Caz masurat Calculat Eroare relativa
NOy [ppm] NOx [ppm] [%]
Diesel fuel / Motorina 758 782 -3.07
X.=2.46 562 581 -3.27
X=6.76 443 431 2.78
X:=28.39 491 486 1.03

1
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The smoke emission, in the case of LPG fuelling is
maintaining at the same level like in the case of Diesel fuel
for substitute ratios until 6.76. For substitute ratio x;=28.39
the smoke emission increases suddenly because the
mixture become rich, LPG being injected in intake
manifold and replacing partially the intake air. The smoke
emission is presented in table 4, relative to the case of
standard engine fuelling.

INMATEH — 7 inceti

Emisia de fum, in cazul alimentarii cu GPL se mentine
la acelasi nivel cu emisia motorului alimentat cu motorina
pana la grade de substitutie mai mici decat 6.76. Pentru
gradul de substitutie x.=28.39 emisia de fum creste brusc
deoarece amestecul devine foarte bogat, GPL- ul fiind
injectat in colectorul de admisie si Tnlocuind partial aerul
de admisie. Emisia de fum este prezentata in figura 4,
relativ fatd de cazul motorului standard.

Table 4/ Tabelul 4

The smoke emission / Emisia de fum

Case/ Caz

Relative measured
smoke
Emisia de fum
relativa masurata

[

Relative computed
smoke
Emisia relativa
calculata de fum

[

Relative error
Eroarea relativa
[%]

Diesel fuel / Motorina 1 1

Xc=2.46 1.043 1.12 -7.33
X=6.76 0.863 0.963 -11.58
Xc=28.39 8.93 6.75 24.45

Regarding the combustion noise, evaluated by the
maximum rate of pressure rise, the results are presented
in figure 14.

in ceea ce priveste zgomotul de ardere, evaluat de
viteza maxima de crestere a presiunii, rezultatele sunt
prezentate Tn figura 14.
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Fig. 14 - The measured maximum rate of pressure rise versus the substitute ratio /
Viteza maxima mdsurata de crestere a presiunii versus gradul de substitutie.

The rate of pressure rise increases its value for all
the investigated substitute ratios. This is explained
by higher flame speed in air-LPG homogeneous
mixture, flame which appears in pilot Diesel fuel jet
envelope.

For the computed model the results are little different.
The computed maximum rate of pressure rise is presented
in figure 15.

163

Viteza de cresere a presiunii creste pentru toate
gradele de substitutie investigate. Acest lucru este explicat
de o viteza mai mare a flacarii in amestecul omogen de
aer-GPL, flacara ce apare in anvelopa jetului pilotului de
motorina.

Pentru modelul calculat rezultatele sunt putin diferite
fata de cele experimentale. Evolutia vitezei maxime de
crestere a presiunii calculate este prezentata in figura 15.
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Fig. 15 - The computed maximum rate of pressure rise versus the substitute ratio /
Viteza maxima de cregtere a presiunii calculata.

The brake specific energetic consumption, in the case of
LPG fuelling was maintained approximately constant for all
the investigated substitute ratios. The measured energetic
break fuel consumption is presented in figure 16.

Consumul specific energetic in cazul alimentarii cu GPL
s-a mentinut aproximativ constant pentru toate gradele de
substitutie analizate. Consumul specific energetic masurat
este prezentat in figura 16.
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Fig. 16 - The measured brake energetic consumption versus the substitute ratio /
Consumul specific energetic masurat versus gradul de substitutie

CONCLUSIONS

1. Nitrous oxides emissions level decreases for all the
investigated substitute ratios.

2. The smoke emission is maintained approximately at the
same level like in the case of using pure Diesel fuel for
substitute ratios up to 6.76% and increases for greater
substitute ratios, because of cylinder air filling worsening.

3. The software can predict very well engine performance
and emissions after calibration.

4. Fuelling with LPG will not affect the engine reliability.

5. The maximum rate of pressure rise increases for all the
investigated substitute ratios, because of higher flame
speeds in air-LPG homogeneous mixtures.

6. The break specific fuel consumption maintained
approximately constant for all the investigated substitute
ratios.
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CONCLUZII

1. Nivelul emisiei de oxizi de azot scade pentru toate
gradele de substitutie investigate.

2. Emisia de fum se mentine aproximativ la acelasi nivel ca in
cazul alimentarii cu motorind, pentru grade de substitutie
pana la 6.76% si creste pentru grade de substitutie mai mari
deoarece umplerea cilindrului se inrautateste.

3. Programul de calcul poate prezice foarte bine
performantele motorului dupa calibrare.

4. Alimentarea cu GPL nu afecteaza fiabilitatea motorului.
5. Viteza maxima de crestere a presiunii creste pentru
toate gradele de substitutie investigate, din cauza vitezei
mai mari a flacarii in amestecul omogen de aer-GPL.

6. Consumul specific energetic se mentine aproximativ la
acelasi nivel pentru toate gradele de substitutie
investigate.
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