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Lucrarea de fata este complementara cursurilor universitare de ,Motoare
Termice” si este destinata, mai degraba, studentilor din cadrul programelor Distributia variabila
de licenta, master si doctorat. Ea este o sinteza a activitatii autorilor din
acest domeniu derulata la Universitatea din Pitesti si la Chnam Paris.

In contextul actual, ca sursa energetica pentru mobilitatea rutiera, motorul
termic este subiectul unor dezbateri foarte aprinse. Foarte frecvente sunt
discutiile referitoare la viitorul sau. Dintre cele doud tipuri de motoare
cu ardere interna, motorul cu aprindere prin scanteie este cel care face
obiectul discutiilor din aceasta lucrare. Altfel spus, prin aplicarea distributiei variabile, ar putea sa se apropie
de eficienta energetica a unui motor cu aprindere prin comprimare, permitand, astfel, continuarea utilizarii
sale in perioada ce urmeaza, caracterizata de presiuni mari legislative referitoare la reducerea emisiilor la
esapament (gaze cu efect de sera si gaze poluante).

Lucrarea este, in fapt, o colectie a solutiilor de distributie variabila cele mai populare care, de-a lungul timpu-
lui, au suscitat interesul multor profesionisti ai domeniului; in finalul ei este prezentat si un scurt studiu de caz,
aplicat unui mecanism de distributie variabila dezvoltat la Universitatea din Pitesti.
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Advanced Simulation Methodologies

Aceasta carte este conceputd ca o platforma interdisciplinara pentru
specialistii care lucreaza in proiectarea si dezvoltarea autovehiculelor
electrice si hibride, precum si pentru cercetatorii care doresc sa obtina
acces la informatii referitoare la managementul, eficienta si controlul
energiei autovehiculelor electrice si hibride. £) Springer
Cartea prezinta metodologia de simulare care permite specialistului sa
evalueze fluxul energetic, eficienta, gama si consumul de energie al
vehiculului electric si hibrid.

Matematica din spatele fiecarei componente electrice si hibride este explicata si pentru fiecare vehicul specific
se analizeaza sistemul de propulsie. Rezultatele obtinute sunt prezentate prin utilizarea unui software industrial
auto particular (AVL Cruise, IPG CarMaker, AVL Concerto). Aceasta metodologie de proiectare a propulsiei
electrice si hibride serveste la o mai buna intelegere a modului in care fluxul energetic, eficienta, gama si
consumul acestor vehicule pot fi ajustate, actualizate si previzionate pe durata proceselor de dezvoltare.
Lucrarea este organizata pe opt capitole, astfel (en): Principles of Modeling and Simulation Processes;
Mathematics Behind the Models; Virtual Powertrain Design; Classical Powertrain Configuration Model and
Simulation; Hybrid Powertrain Configuration Model and Simulation; Electric Powertrain Configuration Model
and Simulation; Creating Virtual Road Infrastructure; Loop Powertrain Simulation

Lucrérile prezentate fac parte din fondul bibliografic al Centrului de documentare al SIAR.
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ABOUT THE UNIVERSITY EDUCATION QUALITY INDICATORS
DESPRE INDICATORI Al GALITATI PROCESELOR DE INVATAMANT UNIVERSITAR

esfagurarea unui invitiméant universitar de calitate

in domeniul stiintelor ingineresti este puternic

influentatd de trei categorii de factori: logistica
activititilor universitare, corpul cadrelor didactice i accesul la
informatia specifici.
Misura in care factorii mentionati asigurd procesului de
invitamént parametrii necesari pentru atingerea obiectivului
de formare a unor ingineri competenti poate fi constatati prin
derularea unor activitati de evaluare folosind instrumente si
indicatori potriviti invitimantului universitar.
La baza unui demers de observare i evaluare a calitatii activititilor de formare a
inginerilor din domeniul ingineriei autovehiculelor se poate ageza analiza curriculei
universitare a tuturor programelor de studii universitare de licentd specifice acestui
domeniu.
Obtinerea competentelor definite intr-un aga-zis ,model al absolventului” si regisite
intr-un registru national al calificirilor din invitimantul superior este asigurati
de introducerea in cadrul unui plan de invitiméint a unui ansamblu adecvat
de discipline de studiu. Continutul disciplinelor, volumul si tipul activititilor
didactice previzute (prelegeri, seminarii, laboratoare, proiecte, activitati practice)
sunt supuse unor restrictii impuse prin reglementari nationale a caror respectare
este monitorizati si confirmati de ARACIS - Agentia Romand pentru Asigurarea
Calitatii in Invatamantul Superior.
Expertii ARACIS examineazi periodic procesul de invatimént organizat in
universitati avind ca referinte proceduri si reglementari specifice domeniilor de
studii si nivelului acestora (licenta, masterat, doctorat), specializarilor si formelor de
invatamant (zi, frecventi redusi) etc.
Auditarea externa intreprinsi de expertii ARACIS se fundamenteaza pe analiza
documentatiei intocmite i pusa la dispozitie de departamentele/institutiile supuse
procedurilor de acreditare/autorizare. Alte activitati complementare (vizite in
laboratoare, sili de cursuri, biblioteci, intalniri cu angajatori/absolventi/studenti
etc.) permit echipelor de experti si-si formeze o imagine cat mai cuprinzitoare asupra
modului de organizare, a eficientei i calitatii procesului de invitimant evaluat. Daci
sunt constatate neconformititi, acestea se corecteaza (daci este posibil) sau afecteazi
calificativul evaludrii finale. Daci apar neconformititi majore, implicatiile generate in
legituri cu continuarea programelor de studii pot fi grave.
Agadar, evaluirile ARACIS si rezultatele acestora pot constitui un prim indicator
(important) asupra calitatii procesului de formare a inginerilor din domeniul
ingineriei autovehiculelor.
In timp au existat observatii/comentarii in legiturd cu consistenta/rigiditatea/
adecvarea unor elemente din sistemele de referinta stabilite i utilizate de ARACIS.
Unele dintre ele au fost modificate/relaxate/imbunitatite.
Pe de alta parte, consider ci cel putin alti doi indicatori ar putea fi pusi in discutie
in legatura cu aprecierea calititii proceselor de formare a inginerilor din domeniul
nostru de interes §i anume: rata de promovare a examenului de diploma si, respectiv,
rata de promovare a anilor de studii. Intre cei indicatori existi o interactiune
puternicd, rezultatele obtinute la examenele de finalizare a studiilor universitare fiind
direct influentate de cele obtinute pe durata studiilor.

wd

O rata redusi de promovare a examenului de diploma reflecti cumularea efectelor
generate de atitudinea, rezultatele si comportamentul studentilor in timp,
developénd incapacitatea acestora de a practica profesia pentru care s-au pregitit.
Actualele prevederi legale permit studentilor s detina calitatea de student un numar
insemnat de ani (in conditiile achitirii unor taxe cu cuantumuri diferite de la o
universitate/facultate la alta). O persoani se lauda de curand ca a fost student 11 ani,
fird a-si finaliza studiile — mentiondnd atat universitatea, cat si specializarile la care
a fost student. Aici, consider, apare o anumiti discutie intre situatiile exceptionale
si cele normale ce ar putea apare pe durata studiilor. Este evident ci in situatii
speciale (probleme grave de sinitate, spre exemplu) durata studiilor ar putea fi
prelungiti in mod ,exceptional” cu o perioadi ,rezonabil” Dar, acceptarea cvasi-
unanima a ideii ci durata studiilor si finalizarea lor la termen sunt aspecte optionale
afecteaza atat aspectul ,seriozititii” studiilor, cit si personalitatea absolventului (la
termen prelungit) in sensul ci fixarea unor termene pentru activititi/sarcini este
neimportanti — cu repercusiuni in activitatea profesionala ulterioara.

Consider ca promovarea studentilor d intr-un an de studii in altul cu un numar
de examene nepromovate este 0 masura care afecteazi major calitatea procesului
de invatimént universitar, cu efecte semnificative in formarea competentelor
profesionale, si nu numai. Indulgenta manifestata genereazi o stare de spirit ce
poate fi succint descrisd de expresia ,lasa ci merge si aga!”. Stare de spirit ce poate
fi observati in randul studentilor, dar, din nefericire, citeodats, si in randul cadrelor
didactice” Masura mentionata are efecte in cascada.

Ne putem imagina un student ce nu a promovat disciplina, Termotehnici”, dar
parcurge disciplina ,Procese in motoarele cu ardere interni” (fird a o promova) si
»Calculul si constructia m.a.i’, prezentindu-se la examen la aceasta ultima disciplind
— cu dorinta ,fireascd” de a promova acest examen. Se ,scapi din vedere” de citre
toti cei implicati aspectul ci promovarea examenului la , Termotehnici” este conditie
preliminari de a accedere la disciplinele ulterioare mentionate!

Cunoscand conexiunile dintre disciplinele incluse in planul de invatimant este clard
conditionarea promovirii la timp a examenelor planificate.

Asadar, chiar daci baza materiald, accesul la informatia necesara (biblioteci, sali
de lecturi etc.) si activitatea cadrelor didactice pot fi evaluate de citre ARACIS
pe baza procedurilor valabile, influenta legislatiei si a unor masuri organizatorice
adoptate la nivel universitate poate fi semnificativa in deprecierea calititii procesului
de invatimént. Ce ar fi de ficut? O analiza profundd, cuprinzitoare, a eficientei
proceselor de invitimant, cu stabilirea masurilor corespunzitoare neconformitatilor
constatate, dar si o atitudine cumpitat, rationald, dar intransigentd fata de
neindeplinirea sarcinilor aferente studentilor, dar si fati de cei ce reglementeaza,
conduc si/sau evalueaza activititile la nivel national si din universititi. Putem sa
privim la universitatile competitive si si preluim bunele practici, promovind
continuu striduinta in invatare i dorinta de performanta!

Nota: Toate elementele prezentate mai sus sunt valabile, in opinia mea, §i pentru
programul de studii , Ingineria Transporturilor si a Traficului” din domeniul de studii
yIngineria Transporturilor”.

Secretar General, Prof. univ. dr. ing. Minu MITREA
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INTERVIU CU DOMNUL PROF. UNIV. DR. CEZAR IONUT SPINU,
RECTORUL UNIVERSITATH DIN GRAIOVA

INTERVIEW WITH PROFESSOR GEZAR IDNUT SPINU,
RECTOR OF THE UNIVERSITY OF CRAIOVA

Stimate domnule Rector, Univer-
sitatea din Craiova este unul
dintre cei mai importanti furni-
zori nationali de programe de
studii universitare de formare
a specialistilor in  domeniul
ingineriei. In trei decenii mediul
economic si social romdnesc
a evoluat semnificativ si a
determinat schimbdri majore in
structura si dezvoltarea industriei

romdnesti. Cum apreciati
adaptarea invatamdntului
universitar ingineresc la aceste
schimbdri?

Universitatea din Craiova,
entitate academica cu 18.000
studenti, constituie cea mai

importanta resursa de cunoastere,

de creativitate si de inovare din regiunea Sud-Vest Oltenia, si nu numai.
Rezultatele inovirii, destinate comunitatilor se constituie intr-unul din
principalele obiective institutionale. De altfel, universitatea noastra
reprezintd un punct strategic al evolutiei social-economice regionale
si nationale, fiind promotoarea principiilor economiei competitive,
participative, incluzive; garantul unor valori culturale, morale, stiintifice
si educationale moderne, transforméind parteneriatul consultativ intr-
unul colaborativ si durabil, cu implicatii directe atit pentru beneficiari
cat si pentru mediul universitar care trebuie si rispundi standardelor
europene.

Institutia noastra sustine cresterea investitiilor in dezvoltarea capitalului
uman §i combaterea excluziunii sociale, prin corelarea ofertei edu-
cationale cu cerintele de dezvoltare durabila, plecind de la analiza
celor trei piloni: dezvoltare economici, dezvoltare sociali si protectia
mediului. Prioritatile agentilor economici obliga la transmiterea unor
cunostinte valorificabile prin conversia in produse si servicii.

Referitor la formarea academici in domeniul ingineriei, institutia
noastrd evolueaza continuu, fiind constituiti ca o entitate dedicatd
cunoasterii si manifestind deschiderea corespunzitoare citre mediul
socio-economic, avind ca baza si cunoagterea profunda a cerintelor
potentialilor beneficiari de formare.

Avind invedere informatiile pe care le detineti, cum apreciati gradul de
absorbtie in economia Romdniei a absolventilor de studii universitare
ingineresti din universitatea dumneavoastra?

Lamomentul actual Universitatea din Craiova are in oferta educationala
97 de programe de licentd, 92 de programe de masterat, 32 de programe
postuniversitare §i 11 programe de conversie, fiind una dintre cele mai
importante institutii organizatoare de doctorat (26 de domenii de de
doctorat si peste 100 de conducitori afiliati scolilor doctorale). De
asemenea este partener academic strategic pentru mai bine de 250 de

universitati din lume.
Stiintele
vectorul principal, fiind prezente

ingineresti reprezinta
inci de la infiintarea institutiei
noastre de invitimant superior.

Astfel incercim sa punem la dis-
pozitia generatiilor de studenti

programe solicitate de piata
muncii, fiind in permanent
contact cu angajatorii, iar la

propunerea acestora, se dezvolta
si diferite module de cursuri
pe care le introducem in oferta
educationald, astfel incat prin
dinamica institutionald sa oferim
traseu

studentilor nostri

educational concret, coerent si

un

eficient.

Universitatea din Craiova este
o0 universitate compozitd avind foarte multe programe universitare in
diferite domenii de studii, iar in acest context absolventii specializirilor
din domeniile stiintelor ingineresti au o rata de angajabilitate de peste
80%.

O parte dintre cadrele didactice universitare sustin ci una dintre
dificultdtile importante intdmpinate in formarea unor foarte buni
ingineri o constituie nivelul mediocru de pregdtire al absolventilor de
liceu. Cum considerati ca ar putea fi ridicat nivelul invatdimdntului
liceal, mai ales din liceele cu profil tehnologic (tehnic), cele care la un
moment dat furnizau un numdr important de candidati la examenele
de admitere pentru programe de studii universitare din domeniul
»Stiintelor ingineresti”?

Ingineria, impune eforturi considerabile, fiind confruntata cu provociri
suplimentare: atragerea de candidati dedicati; consolidarea continui a
invatimantului in raport cu evolutiile tehnico-stiintifice; constituirea
simbiozelor interdisciplinare mai eficiente cu stiintele naturii si cele
socio-umane; concentrarea atentiei pe inovare si transferul acesteia;
stimularea spiritului antreprenorial si crearea de locuri de muncs;
constientizarea societatii in vederea importantei acordate ingineriei.
Referitor la absolventii de liceu care isi indrepta pasii citre cariera
de inginer, universitatea noastrd a considerat ca are datoria de a se
implica direct §i, in acest sens a dezvoltat un plan concret de actiuni
complementare, destinat cresterii si focusarii pregitirii elevilor din
clasele terminale. Astfel, de ani buni se deruleaza programe de meditatii
gratuite pentru elevii de liceu, existind de asemenea parteneriate ample
cu inspectoratele judetene ale regiunii (ce vizeazd inclusiv formarea
profesionald de calitate a cadrelor didactice din mediul preuniversitar).
De asemenea, referitor tot la mésuri destinate pregitirii profesionale a
elevilor, Universitatea din Craiova implementeaza de trei ani o strategie
care, pe de o parte vizeaza cresterea numarului de elevi care promoveaza

5
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bacalaureatul si atragerea lor in sistemul universitar, iar pe de alti parte
reducerea abandonului scolar la nivelul facultitilor (manifestat mai ales
la nivelul anului I de studii). In acest sens, in acest moment avem in
derulare 14 proiecte de tipscoli de vari care se adreseaza elevilor din
sistemul preuniversitar.

Cum apreciati rolul cercetdrii stiintifice universitare in domeniul
ingineriei, integrarea acesteia in ansamblul cercetdrii stiintifice
nationale?

Universitatile, prin specificul functiilor asumate in societate, au vocatia
sd dezvolte programe de cercetare stiintifici orientate citre noi directii
si priorititi in stiintd, si gestioneze colective de cercetare §i scoli de
excelentd, optimizdnd resurse printr-un management avansat, fiind cu
certitudine institutii inovative, cu puternice valente creative, ancorate
dinamic in evolutia societatii i economiei.

Cercetarea stiintifica face parte din misiunea universititii noastre,
constituind complementaritatea necesara procesului de invatare in sensul
unui invitaméant humboldtian, precum §i una dintre axele principale de
conectare la cerintele si provocarile unei societiti avansate. Astfel, dupa
cele trei revolutii industriale (mecanizare, electrificare, calculatoare si
automatizari) ne situdm in cadrul celei de-a patra (revolutia digitald),
iar in viitorul apropiat se preconizeazi transformiri majore generate de
roboticd, biotehnologii, tehnologii 3D, Big Data, inteligenta artificiala,
realitatea virtuald augmentatd, transportul autonom etc.

In esenti, luind in considerare profilul revistei dumneavoastri, nu
putem si nu evidentiem tendintele de care trebuie si tinem cont in
cercetarea si formarea viitorilor specialisti in domeniile automotive si
transporturi ca fiind cele legate de digitalizare §i trecerea la industria
4.0 si Big Data cu deziderate in tehnologiile specifice autovehiculelor
electrice si autonome, modele cibernetice dedicate (cum ar fi IoT),
adoptarea tehnologiei cloud, conectare autonoma si siguranti
cibernetica, integrarea si interconectarea autovehiculelor in sistemele
inteligente de transport (ITS) etc.

O legiturd stransd de colaborare intre industrie si universitdti permite
exploatarea eficientd a resurselor si competentelor disponibile in aceste
institutii. Cum apreciati relatiile de cooperare dintre Universitatea din
Craiova si mediul economic din zond? Cum considerati ci poate fi
intensificatd aceastd cooperare?

Deschiderea pe care o avem fatd de mediul socio-economic a produs
rezultate remarcabile in ceea ce priveste parcursul profesional al
studentilor pregititi la Universitatea din Craiova, precum §i colaborarea
la nivelul cercetarii si transferului tehnologic. Institutia noastra si-a
dezvoltat si adaptat structurile corespunzitor si exista in acest moment
peste 200 de parteneriate cu agenti economici regionali nationalisti
internationali. Anual, institutia noastrd impreund cu organisme de
resort §i agenti economici organizeazi un numar considerabil de targuri
de joburi.

Un exemplu remarcabil de bune practici in domeniu, unic la nivel
national, este Centrul de Resurse si Angajament (CRAF) din Europa
al companiei FORD, proiect conceput pentru a sprijini crearea de
noi locuri de munci, a imbunititi potentialul economic si nivelul de
trai al locuitorilor din regiune. CRAF Craiova este rezultatul unei
colaborari fructuoase, de traditie dintre FORD, autoritati siAsociatia
Pentru Educatie SV Oltenia (EDUCOL) - o organizatie non-profit
creata de Universitatea din Craiova, prin care se urmiregte maximizarea
oportunititilor de instruire antreprenoriali §i dezvoltare pentru tineri.
In general, firmele considerd insuficientd pregitirea practicd a
studentilor acumulati pe durata studiilor. Tindnd cont ca SIAR
reuneste, in prezent, mai ales cadre didactice universitare din domeniul
ingineriei autovehiculelor si transporturilor rutiere, am dori sd stim
care este aprecierea dumneavoastrd generald privind pregitirea
absolventilor universititilor din Romdnia; de asemenea, cum este

6

implicatd Universitatea din Craiova in dezvoltarea de proiecte
destinate dobdndirii abilitdtilor practice de citre studenti?

Exista o serie de actiuni bine conturate i consacrate ce se desfisoard pe
parcursul anului academic, cum ar fi Forumul Carierei in cadrul ciruia
fiecare dintre facultiti isi prezintd portofoliile si optimizeazi actiunile
de colaborare cu reprezentantii mediului socio-economic intr-o relatie
biunivoca beneficiar - student, cu rezultate concrete regasite in stagii de
practicd sau angajare vizand astfel o proiectie directi a cerintelor pietei
muncii in raport cu tipul de absolvent.

Prin intermediul multiplelor parteneriate cu mediul socio-economic,
asa cum au fost mentionate anterior, s-a urmarit in primul rind, crearea
de conditii de internship si de stagii de practici (de cele mai multe ori
remunerate). Mai mult decét atat, exista accesate fonduri europene pe
proiecte pentru stagii de practica cu bursj, iar in acest moment, toate
facultitile Universititii din Craiova au minimum un proiect cistigat
pentru stagii de practici.

In cadrul Institutului de Cercetiri in Stiinte Aplicate (INCESA) al
Universitatii din Craiova s-a realizat un program dedicat, in cadrul
caruia activeazi studenti care lucreazi pe proiecte si studii de profil cu
companiile partenere. Astfel studentul care invati la Universitatea din
Craiova poate fi implicat in asemenea activitati, fiind sprijinit inclusiv
prin burse private.

Domnule Rector, in perioada 23 - 25 octombrie 2019 Universitatea din
Craiova gizduieste a 30-a editie a Congresul International de Inginerie a
Autovehiculelor si Transporturilor - SCIENCE AND MANAGEMENT
OF AUTOMOTIVE AND TRANSPORTATION ENGINEERING -
SMAT 2019, organizat de SIAR - Societatea Inginerilor de Automobile
din Romdnia impreund cu Facultatea de Mecanicd din universitatea dvs.
Vi rugdm sd expuneti citeva aprecieri asupra acestui moment special in
comunitatea inginerilor de automobile si transporturi din Romdnia!

In cadrul Universitatii din Craiova aceasti manifestare stiintifici de
prestigiu a ajuns la a IV-a editie si reprezint atat o responsabilitate, cat
si 0 onoare a comunititii academice din domeniu s organizeze, alituri
de colegii din institutiile de prestigiu din principalele centre universitare
de profil (Universitatea Politehnica din Bucuresti, Universitatea
Transilvania din Brasov, Universitatea Tehnici din Cluj-Napoca,
Universitatea din Pitesti si Universitatea Politehnica din Timigoara), al
XXX-lea Congres International al Societitii Inginerilor de Automobile
din Romaénia, la care trebuie si remarcam si implicarea in calitate de
coorganizator a organismului mondial SAE International.

In consonanti cu cele discutate anterior,congresul isi propune si se
constituie intr-un forum stiintific care sa reuneasca specialistii din
domeniu pentru prezentarea, diseminarea §i promovarea rezultatelor
cercetdrilor stiintifice; cunoasterea realizirilor si noutitilor din
domeniile tematice; integrarea si cresterea vizibilitatii internationale a
cercetdrii roméanesti precum si pentru stimularea inovirii §i transferului
catre societate atita rezultatelor stiintifice cit si a dezvoltarii tehnologice.
Nu in ultimul rind trebuie remarcati atentia acordati principalilor
nostri parteneri — studentii, care sunt implicati atit la nivelul
activitatilor specifice unei manifestari de o asemenea anvergura, dar,
mai ales intrd in competitii benefice in cadrul concursului studentesc
international de ingineria autovehiculelor ,Profesor universitar inginer
Constantin GHIULAI” 2019, la cele doua sectiuni de profil: Dinamica
Autovehiculelor (a VI-a editie) si Automotive CAD - Catia (a Ill-a editie).
Ne dorim ca acest eveniment remarcabil s3 aduc in institutia noastrd un
numdr cit mai mare de cercetatori si de specialisti de marca ai industriei
autovehiculelor si transporturilor.

Vi multumim pentru interviu si urdm mult succes comunitdtii
academice din cadrul Universitdtii din Craiova!

Prof. dr. ing. Minu Mitrea, Secretar General SIAR
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THE THIRD EDITION OF THE SUMMER UNIVERSITY IN

AUTOMOTIVE ENGINEERING — UNIVIA 2013

A TREIA EDITIE A UNIVERSITATH DE VARA IN INGINERIA
AUTOVEHICULELOR — UNIVIA 2019

ocietatea Inginerilor de Automobile din Romdnia - SIAR,
Academia Tehnici Militard ,Ferdinand 1” si Registrul Auto
Romdn au organizat in perioada 17.07 — 19.07.2019, a treia editie
a cursurilor Universititii de vard in domeniul Ingineriei Autovehiculelor
- UNIvIA 2019.
In cadrul cursurilor, sustinute de cadre didactice universitare din
Academia Tehnica Militard ,Ferdinand I” si experti din cadrul Regis-
trului Auto Roman, s-au abordat teme de actualitate pentru inginerii
automobilisti, dar si pentru publicul larg: ,Reglementdri si incercdri in
domeniul emisiilor poluante ale autovehiculelor rutiere” si ,Omologarea
vehiculelor conectate, automate si autonome”.
La cursuriau participatstudenti din domeniul , Ingineriei Autovehiculelor”

din Academia Tehnica Militara ,Ferdinand I” i Universitatea Politehnica
din Bucuregti.

Activitatile de pregitire tehnica de specialitate au urmarit: consolidarea
cunogtinelor in domeniul reglementdrilor nationale si internationale in domeniul
emisiilor poluante ale autovehiculelor rutiere, cunoagterea ultimelor actiuni in
directia reglementdrii testelor de poluare ale autovehiculelor in parcurs; prezen-
tarea unor standuri si echipamente de testare din dotarea Registrului Auto
Romdn; detalierea unor aspecte privind reglementarea si incercdrile specifice emisi-
ilor poluante ale autovehiculelor militare, folosirea combustibilului unic in teatrul
de operatii de cdtre tehnica militard cu baza de operare la sol; elemente de bazd
privind omologarea vehiculelor conectate, automate si autonome”.

S-au prezentat aspecte reglementate la nivel national i international in
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domeniul emisiilor poluante ale
autovehiculelor si s-au efectuat
activitati practice, demonstra-
tive, de testare/incercare a auto-
vehiculelor cu folosirea unor
echipamente moderne, adecvate
cerintelor actuale.

Activitatile s-au desfasurat in
cadrul Centrului de perfectionare
al RAR, in laboratoarele RAR

din Voluntari, precum si in

laboratoarele Departamentului
de Autovehicule Militare si Transporturi din cadrul Academiei Tehnice

Militare ,Ferdinand I”: laboratorul ,Academician George Barinescu’,
laboratorul de autovehicule militare §i circulatie rutiera si laboratorul de
mecatronica.
Desfagurarea cursurilor ,Universitdtii de Vard in Ingineria Autovehi-
culelor” se alatura altor actiuni ale SIAR de promovare a ingineriei auto-
vehiculelor in rindul studentilor si tinerilor specialisti, dintre care se
evidentiazd Concursul international studentesc de inginerie a autovehi-
culelor , Prof. univ. ing. Constantin Ghiulai”.
In acest an, faza finali a editiei a VI-a concursului va avea loc in perioada
23 - 25 octombrie la Craiova, pe durata celui de al XXX-lea Congres
International de Inginerie a Autovehiculelor si Transporturi Rutiere
— SMAT 2019 - organizat de citre SIAR impreuni cu Facultatea de
Mecanici a Universitatii din Craiova.
Secretar General,
Prof. univ. dr. ing. Minu MITREA
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MONITORING AND ALERT SYSTEM:

NEURO-FUZZY DECISION ALGORITHM BASED

ON BIOLOGIGAL SIGNALS AGQUIRED FROM VEHICLE DRIVERS
SISTEM DE MONITORIZARE $1 ATENTIONARE:

ALGORITM NEURO-FUZZY BAZAT PE SEMNALE BIOLOGICE
ACHIZITIONATE DE LA CONDUCATORUL AUTOVEHICULULUI

REZUMAT

In lucrare se prezintd un sistem de monitorizare si atentionare a conducdtorilor auto in
stare de somnolend, pentru prevenirea accidentelor, bazat pe le EEG si imagini ale
starii ochilor conducatorului. Sistemul este bazat pe mai multe componente care invatd,
analizeaza si decid dacd soferul este sau nu intr-o stare de somnolentd. Rezultatul analizei
poate fi utilizat pentru atentionarea soferului dacd acesta a ajuns intr-o stare de somno-
lenta. Somnolenta este un fenomen complex ce se manifestd printr-o scidere a atentiei in ce
priveste conditiile de trafic si are ca efect o scidere a performantelor conducdtorului auto,
un timp de reactie mai lung si un risc mai ridicat in implicarea intr-un accident. Diferite
studii au indicat somnolenta sau oboseala la volan ca un factor intr-un mare numar de
cazuri de accidente. Recent producdtori importanti (Volvo, Bosch Group, Mercedes) au
dezvoltat sisteme de detectie a stdrii de oboseald a soferilor. Detectarea stdrii de oboseald
a soferului bazatd pe analiza stirii ochilor (inchis deschis, semi-deschis) a fost prezentati
intr-o lucrare anterioard a autorilor. Obiectivul prezentului studiu este de a analiza un

- 1.INTRODUCTION
Driver sleepiness is a complex

Prof. dr. ing. phenomenon involving a progres-

Tiberiu VESSELENYI sive decrease in attention to road

and traffic requirements, having the

S0 prof.dr.ing. effect of lowering driving perfor-
Alexandru RUS

: mance, longer reaction time and
alexandru.rus.61@gmail.com

an increased risk of crash involve-
ment. Various studies have indi-
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cated driver fatigue as a factor in
a large number of vehicle crashes.
In a study published by the AAA
Traffic  Safety

Foundation for

1. dr. ng. drowsiness at the wheel was iden-
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TATARU tified in 8.8% -9.5% of accidents
examined and 10.6% -10.8% of
accidents that resulted in significant

Asist dr ing. damage to property, airbag deploy-

Sorin MOCA ment or injury. Based on research

conducted by the Real Automévil
Club de Espaia (RACE), driver
high
percentage (30%) of accidents.

Universitatea din Oradea, Str. Universitaii,
nr. 1, 410087, ORADEA, Romania

drowsiness  involves a
Recently, vehicle manufacturers (Volvo, Bosch Group, Mercedes) have
developed systems to detect the driver’s state of exhaustion.

The development of a system for detecting tiredness while driving, based
on EEG (Electroencephalography), EOG (Electrooculography) signals
measurement and eye state (closed or opened) image classification has
been presented in [9].

Detection of driver fatigue based on images acquired while driving,

sistem de detectie a stdrii de oboseald bazat pe monitorizarea activitdtii cerebrale (semnale
EEG). Datele biologice achizitionate de senzori sunt procesate si evaluate in timp real de
sisternul capabil s detecteze semne de oboseld, deoarece variabilele fiziologice implicate
sunt corelate cu aceste fenomene (oboseald, somnolentd). Sistemul de monitorizare propus
are la bazd o componentd bazatd pe Retele Neuronale Artificiale (Pattern Recognition
ANN), capabild s proceseze spectrograma semnalelor EEG. Ca rezultat, iesirea refelei
este probabilitatea ca soferul sd fie intr-o stare de somnolentd sau oboseald. Sistemul mai
contine alte doud componente bazate pe Retele Neuronale Artificiale (RNA) diferite care
detecteazd starea ochilor dintr-o secventi de imagini achizitionate in timpul conducerii
autovehiculului. Sistemul de decizie fuzzy care integreaza rezultatele diferitelor compo-
nente RNA va fi tratat intr-o lucrare ulterioard.

Key-Words: Driver drowsiness, EEG  (Electroencephalography) signals, EOG
Electrooculography) signals, Artificial Neural Network.

presented in [10], was done by analyzing driver eye condition: open,
half open and closed. We used for this purpose two types of artificial
neural networks: 1 hidden layer network and auto-encoder network
[1]. Developments in this field are supported by efforts to create brain —
computer interfaces [2][6][12] for different applications. An application
of EEG signal acquisition and processing had been presented in [3][4]
[13]. In early studies [7][11] we approach the possibility of acquisition
of EOG signals from three sensors. For the classification of driver fatigue
we used artificial neural networks [5][8].

The objective of this study is to develop a system for fatigue of the driver
detection by monitoring eye movements (EOG) and brain activity
(EEG) in order to determine levels of alert and attention. Biological data
that are acquired by the sensors will be stored, processed and evaluated in
real time, through a system able to detect early signs of fatigue, because
the physiological variables are closely related to this phenomenon.

2. STRUCTURE AND OPERATION OF THE PROPOSED
DECISIONAL SYSTEM

The drowsiness warning system is based on four main components, which
learn, analyze and decide whether the driver is or is not in a drowsy or
sleepy state. The first component is an Artificial Neural Network (Pattern
Recognition ANN) which is able to process the spectrum of EEG signals.
As a result the network outputs the probability that the analyzed signal
represents an active or drowsy state of the driver. Other two components
of the system are dealing with the images of the eyes of the driver. The first
component is an Artificial Neural Network (Image Recognition ANN)
which detects if the driver has the eyes closed or opened in a sequence
of N images.

This network generates a numerical sequence which represents a certain
behavior of blinking in the case of a drowsy state and another behavior in
the case of an active state.
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Fig. 1. Structure of the decisional system component which will output the module interface

overall result of the system. This

result can be then used to warn the driver if he/she is in a drowsy state.
The proposed system combines to types of sensing methods EEG signals
and eye state images, regarding the state of the driver (drowsy or active).
Doing so, we can increase the success rate of detection of the driver’s state.
Having in mind the complexity of the behavior and also the variation of
behavior from individual to individual, the ANNs which are components
of the system have to be trained by the driver who will use the system.

This requires a number of training sessions before the operation of the

system but crucially increases it’s feasibility.
Fig. 2. EEG electrode placement. As the image recognition component of the system has been described in
EEG time signal a previous paper of the authors [2], in this paper we will further describe
the EEG signal analysis.

3.EEG SIGNAL ANALYSIS BY ANN

In order to train the ANN, EEG data were acquired from five subjects by

measuring 17 data samples for drowsy and 17 data samples for active state.

o4

o3

0z

EEG signals were acquired using a BST112 amplifier from VEB
MESSGERATEWERK ZVONIZ. For A/D conversion of data, we used an
NI-USB 6251 DAQ board. The DAQ board has an accuracy of 15.259uV.
The electrodes material was Ag-AgCl and we placed the active electrode in

Voltage [V]

03 the F3 point, using a conductive gel (figure 2). As voltage reference, the Al
point was used, the ground was located on the right leg. The data sampling
rate was of 1000 Hz. The data acquisition and processing programs were
written in MATLAB®.

28 e . . . = X G i An example of EEG signal is shown in figure 3. The signals had been

Tirma [5] ot processed using the Fast Fourier Transform as it is implemented in the

Fig. 3. EEG signal — measured voltage vs. time MATLAB platform by the function fft(). The signals were also filtered
with a low-pass filter to obtain only the frequency interval of 0 to 40 Hz

ks s as this is the range which is meaningful for the EEG signals. In figure 4 the

spectral diagrams obtained for a drowsy state and an active state signal had
been presented. The spectral data was used as input for the artificial neural
network. We used 17 datasets for active and 17 datasets for drowsy state.

w1 F g il Ty

e 60% of the data was used for training, 15% of the data was used for vali-
' dation and 15% for testing. In a pattern recognition we want to classify
the inputs into a set of target categories. In our case we have two target

‘st ’ ey, T categories defined by a target 2 by 34 vector. For this application we used
Fig. 4. Frequency spectrum of the EEG signals: active state (left), drowsy a two-layer feed-forward network, with sigmoid hidden and softmax
state (right) output neurons which can classify vectors well, given enough neurons

10
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Fig. 6. Diagram of training, validation and testing performance for 8 epochs
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Fig. 8. Error histogram for training, validation and testing

in the hidden layer. The network is trained with scale conjugate gradient
back propagation.

It is recommendable to use normalized inputs (in a scale of 0 to 1) as
it is shown in the diagrams in figure 4. Figure 5 shows the interface of
the Neural Network Pattern Recognition module Interface. As it can be
seen we used 2500 input neurons (the length of the spectrum data), 10
neurons in the hidden layer and 2 neurons in the output layer (the length

of the target vector and also the number of classes). Best results were
obtained after 8 training epochs. The results of the training are shown
in the diagrams in figures 6, 7 and 8. The performance diagram shows
an acceptable convergence (figure 6). As it can be seen in the confu-
sion diagram in figure 7 the classification was 100% successful, although
the error histogram in figure 8 shows that were some errors of 0.3522.
However these errors did not influence the good results obtained.

4. CONCLUSIONS

In this paper we presented a general description of a system capable to
decide over the drowsy or active state of a driver based on EEG signals and
eye state images. The eye state image analysis was described in a previous
paper by the authors. The EEG signal analysis using a feed forward neural
network had been trained and tested obtaining a 100% classification results
on a 34 signal data set obtained from S different individuals. The results are
promising as to be applied in vehicles supposing that wearing electrodes
(with dry electrodes) can be accepted by vehicle drivers under a form of a
cap or other appliances. The fuzzy decision component of the system will
be the subject of future research. The described system can be also used as a
black-box to store information that can be used in case of accidents.

Lucrare prezentatd in cadrul Congresului International al SIAR de
Inginerie a Autovehiculelor si Transporturilor — AMMA 2018, 17.10 -
19.10.2018, Cluj-Napoca, Romdnia, si publicati in volumul ,AMMA 2018
— The IVth International Congress, Selection of Papers”, UTPress, ISBN
978-606-737-314-1.
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A STUDY ABOUT DEVELOPMENT OF ELEGTRIGC OIL PUMP
GONTROLLER BASED ON THE AUTOSAR PLATFORM

STUDIU ASUPRA DEZVOLTARI UNUI CONTROLER
PENTRU POMPA DE ULEI ELEGTRICA FOLOSIND PLATFORMA AUTOSAR

REZUMAT

Automobilele hibride erau echipate de reguli cu doud pompe de ulei (mecanicd si elec-
trica) pentru asigurarea presiunii de ulei necesare transmisiei, tendinta actuald fiind de
a folosi doar o pompa electricd. Obiectivul acestui studiu este de a standardiza procesul
de dezvoltare a unui software specific pentm controlerul (OPU) pompei de ulei electrice

Control Unit (MCU) presupune timp si eforturi mari de programare. In acest studiu,
noile procese de dezvoltare a softurilor necesare MCU sunt bazate pe utilizarea platformei
AUTOSTAR (AUTomotive Open System ARchitecture).

Key-words: Hybrid, Oil Pump Unit (OPU), Electric Oil Pump (EOP), AUTOSAR,
Complex Device Driver (CDD), Real Time Environment (RTE)

(EOP) utilizate pentru o tr td a unui automobil hibrid. Sistemele mai
vechi erau comandate de unitatea de control a motorului. Introducerea unui nou Micro

Kim HAEJIN® 1. OPU/EOP SYSTEM IN
HYBRID AUTOMATIC

Ryu SEUNG-YUN? TRANSMISSION

roy.ryu@infineon.com
1.1. System Configuration

Yoo HOJEONG® In automatic transmission of

Kim HYOUNGSU! hybrid vehicle, the OPU and EOP
modules supply and lubricate oil

Kim KWANGYEOL? to provide the clutch and brake

T MOTONIC Co. Lid, 530, Dalseo-daero, with the torque needed to drive the

Dalseo-gu, DAEGU 42702, South Korea

2 Infineon Technologies Korea, 13th FL, Glass
Tower, 534 Teheran-ro, Gangnam-gu, SEOUL
06181, South Korea proper oil as shown in Figurel,
S ETAS Korea Co. Ltd, 4F ABN Tower, Pangyo-ro, th
Bundang-gu, SEONGNAM-SI 13488, South Korea €

vehicle and also cool some parts
in the transmission. To supply the

Transmission Control Unit
(TCU) calculates the amount of oil
needed, converts it to Revolutions
Per Minute (RPM) and sends it to the OPU via Controller Area Network
(CAN) protocol. The OPU is supplied with high-voltage from battery to
drive the motor and drives the EOP made with three-phase Brush-Less
DC (BLDC) motor through the hall sensor. The motor is driven with
three-phase block commutation method and Insulated Gate Bipolar

Transistor (IGBT) is used as power switching device [1].

When the OPU drives the EOP, the oil is supplied to the valve body
module and hydraulic pressure is provided to the clutch and brake
through the solenoid control [2].

1.2. OPU Function Description

The OPU consists of four main functions which are coordination control
between vehicle Electronic Control Units (ECU), motor drive control,

system fault diagnosis, and protection & fail-safe mode [3].
Hagh ¥ lage ey

l Farer—

s Fomire Cories
wru i
por
e
S Ae— m—
B Hal B
T o [ Vaben By

Fig. 1. System overview [3]
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Fig. 2. OPU main functions

The coordination control between vehicle ECUs is to exchange various
information with vehicle ECUs for driving EOP and to judge various situa-
tions. The motor drive control drives three-phase BLD C motor with block
commutation method based on the hall sensor input. The system fault
diagnosis is to detect failure of power circuit, failures of various sensors
such as hall / voltage / current / temperature and failure of the whole
system. The protection & fail-safe mode is composed of several functions
which are hard-wired Pulse Width modulation (PWM) communication
when CAN fails and continuous driving motor when the hall sensor fails.
Others are applying ‘backup sensor map’ data when various sensors fail
and enhancing cooling during overheating as ‘Derating Power’ function.
1.3 OPU/EQP System Requirement

The most important challenge in applying the AUTOSAR to the OPU
system is to design timing for motor control. In Table 1, it shows what is
necessary to consider the timing required for the motor control based on
the OPU system requirements [4].
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In the above requirements, the RPM response time can be achieved
through gain tuning for the Proportional/Integral (P/1) controller but

the motor control function should be performed as fast as possible within

P |
H PWM switching frequency, 8 kHz (= 125ps). Because the motor control

S
woms ] H
— T

+ + AT

algorithm is executed every 125ps, the execution time is closely related
to the CPU load.
In order to smoothly execute other control logics besides the motor

control, the execution time must be optimized so that sufficient margin
can be achieved. To implement the current control function as shown in

Figure 3, current value should be sensed by Analog to Digital Converter
(ADC) at center of the PWM period and based on this current value the
current control and the motor control algorithm are executed. When

Fig. 3. Optimized timing chart for motor control

MicroController Abstract Layer (MCAL) Application Programming

Table 1. OPU system requirements Interfaces (API) and AUTOSAR are applied, it takes a little long time
Factor Requirement for these control functions. This study will explain how to optimize the

RPM ResponseS Titmefor OPU/EOP 0.25@ A2000rpm control timings as the Figure 3.
Switching F s erfn Motor Drivi S KH This optimization effort should be done mandatory to implement field
witching Frequency for Aotor Lriving z oriented control (FOC) algorithm for Brush-Less AC (BLAC) motor in

Current Limit Protection Under SOA@270V further study.
L L] : 2.AUTOSAR
2.1. AUTOSARoverview

: The AUTOSAR is an open and standardized automotive software archi-
AUTOSAR Runtime Envirenment [RTE)

Fig. 4. OPU main functions in application layer of AUTOSAR

tecture, jointly developed by automobile manufacturers, suppliers and
tool developers. It is partnership of automotive OEMs, suppliers and tool
vendors whose objective is to create and establish open standard for auto-
motive electrics/electronics architectures that will provide a basic infra-
structure to assist with developing vehicular software, user interfaces and
management for all application domains. This includes the standardiza-
tion of integration from multiple suppliers, maintainability throughout
the entire product life-cycle and software updates and upgrades over the
vehicle’s life as some of the key goals [S].

2.2. AUTOSAR Electric & Electronic Systems Trends

In order to increase the reusability of control & logic and to support the
ISO 26262 specification, AUTOSAR is also applied to not only vehicle
{ control units but also small ECU such as OPU and many automotive
Tiers are adopting AUTOSAR platform to most of ECUs. To follow this

!— A —— |

1 : | bt major trends up, we implemented OPU main functions into application
l | L. .| | = layer of Figure 4.

. g | - L 3.METHODOLOGY

i ] i | §ii " In this study, the microcontroller (AURIXTM TC222) & MCAL
- 4 4 (MC-ISAR_AS4XX_ AURIX_TC22X) of the Infineon Technologies
; W S All'l\l/j-----]_ and AUTOSAR solution (RTATM) &Model Based Design (ASCETTM)
P Pl of the ETAS Co. Ltd. were applied to new OPU system. Infineon provides

‘ MC-ISAR low-level drivers based on the AUTOSAR MCAL layer. With

Fig. 6. Timing between ADC ISR and motor control algorithm with RTE the MC-ISAR AUTOSAR drivers a system supplier can use one set of
standardized basic software drivers over different applications within

one configuration tool. One task every 125uS was generated by RTE so

e ! + that the motor control algorithm could be periodically activated at 8 kHz

—
LI

- . referring to Figure S.
; Y ! As shown in Figure 6, the ADC Interrupt Service Routine (ISR) and the
" P N | s T " task scheduler generated by RTE was not synchronized and the motor

Enovution Time

control function was not executed immediately after the ADC ISR.
#mw isTel Due to this reason, current limit function of the motor did not operate

properly.
In additions, with the PWM duty update API function provided by the
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Fig. 7. Timing with MCAL PWM API function
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Fig. 11. RPM response according to TCU RPM command

MCAL, total execution time of the API function was too long as shown
in Figure 7.

To resolve above limitations, new control logic was developed so that
the logic directly can activate the motor control task in the ADC ISR
as the chart of Figure 8. Furthermore, the PWM CDD was developed
in order to shorten PWM duty update time. Through this CDD the
shadow register of counter register of Timer Output Module (TOM)
in Generic Timer Module (GTM) could be accessed, not using MCAL
API function.
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As a result, four major functions required by the OPU as application
software components were implemented and the function flow was
changed to meet the above control timing required by OPU system.
The AUTOSAR software architecture what we implemented is shown in
Figure 9.

4. CONCLUSION

To control EOP system based on the AUTOSAR platform, the most
important consideration is to control timing of each logic.

Under this consideration, following timing waveform was measured and
short execution time of the motor control was achieved:

— The OPU AUTOSAR OS performed that the motor control algo-
rithm was synchronized with PWM as Figure10.

— To optimize PWM update routine in the motor control executed
every 125us made the MCU load be reduced efficiently.

— With this OPU AUTOSAR OS, it met target RPM response perfor-
mance (in Table 2) by achieving to 0.16 Sec/A2000rpm in Figure 11. Itis
closely related with automatic transmission performance.

Table 2. Execution time of PWM update logic

Control Function RTE Scheduler Direct Task Activation
Not synchronized Synchronized with
Motor Control with ADC ISR ADCISR
PWM Update 27.6 uS (API) 15.6 S (CDD)

Lucrare prezentatd in cadrul Congresului International al SIAR de
Inginerie a Autovehiculelor si Transporturilor — AMMA 2018, 17.10 -
19.10.2018, Cluj-Napoca, Romania, si publicati in volumul , AMMA 2018
— The IVth International Congress, Selection of Papers”, UTPress, ISBN
978-606-737-314-1.
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Fig. 10. Result of major timings in EOP system

14

AN ¢ o

|
5V/Div, 10uS/Div|



ISSN 1842 - 4074

Ingineria automobilului Nr. 52 / septembrie 2019

EXPERIMENTAL INVESTIGATION ON THE EFFECT OF FUEL
ADDITIVES WITH TAMARIND BIODIESEL ON THE PERFORMANGE
AND EMISSION CHARAGTERISTICS OF DIESEL ENGINE

CERCETARI EXPERIMENTALE ASUPRA PERFORMANTELOR MOTOARELOR
DIESEL LA ADITIVAREA AMESTECURILOR DE BIOCOMBUSTIBIL OBTINUT

DIN SEMINTE DE TAMARIND

REZUMAT
v +

100%) pentru amestecuri de biodiesel cu aditiv de combustibil. In urma testelor efectuate
s-au constatat performante imbundtdtite si emisii mai scazute. Cu toate acestea, consumul

Prezenta lucrare descrie cercetdrile experimentale orientate asupra studierii influentei
diferitilor aditivi utilizati pentru imbundtdtirea caracteristicilor biocombustibililor
obtinuti din seminte de tamarind destinati alimentdrii motoarelor diesel. Pe durata cerce-
tarilor s-au urmdrit influenta asupra performantelor si emisiilor poluante.

Experimentele au fost efectuate pe un motor diesel cu récire cu apd cu un singur cilindru,
in patru timpi, la turatie constantd (1500 rpm) si sarcini diferite (0%, 25%, S0%, 75% si

1.INTRODUCTION
3{]}3&?\%1}%:#“ The use of energy is increasing

day by day and fossil fuels are

P.S. KISHORE? contributing much of its incre-

ment especially in transportation

Harish VENW? sector. In future, it is estimated

that oil will remain the domi-
'LBRCE, Mylavaram, Andhra Pradesh, India
2Andhra University, Andhra Pradesh, India
3 Anna University, Chennai, Tamil Nadu, India

nant energy source considering

its importance in transportation

and industrial sector. In-order to
conserve fossil fuels from contin-
uous usage for future generations, biodiesel came into existence.
Biodiesel, which is a renewable fuel, has brought a wide revolution in
fuel processing technology due to its large availability and low emis-
sion characteristics. Viswanath and Vijayabalan [1] conducted experi-
ments on Diethyl ether mixed with waste plastic oil and concluded
that the addition of DEE to plastic oil has improved the engine charac-
teristics in every aspect. It gives better performance and cleaner emis-
sions when compared to plastic oil. Manickam et al. [2] reported that
among the oxygenated alternatives which could work as better ignition

\

¢
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Fig. 1. Transesterification chemical reaction mechanism
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specific de combustibil si oxizii de azot au fost crescut. Prin urmare, utilizarea aditivilor
studiati pentru tecuri de biodiesel obtinut din seminte de tamarind ar putea fi consi-

deratd o alternativd.

Key-words: Tamarind seed methyl ester; fuel additives; performance and emissions

improver was diethyl ether (DEE) with advantages of more cetane
number and oxygen content. Conclusions drawn from their investiga-
tions reported that the brake thermal efficiency of 20% KME (Karanja
methyl ester) with 10% and 15% DEE increased by 0.94% and 1.76%
respectively at full load compared with neat KME. Purushothaman
and Nagarajan [3] conducted experiments on a single cylinder
compression ignition engine successfully using DEE with orange oil.
Similar research reported by Agarwal et al. [4] with the use of fuel
additives in biodiesel blends and noticed the significant reductions
in emissions than the diesel fuel and marginal improvement in engine
performance. Wei et al. [S] examined the influence of n-pentanol as
oxygenated fuel additive on the direct injection compression ignition
engine and shown enhanced engine characteristics. Pandian et al. [6]
reported about the utilization of Pongamia-diesel blends to estimate
the performance characteristics of the double cylinder diesel engine
using exhaust gas recirculation and Di-methyl carbonate as a fuel
additive and concluded significant reduction in the smoke emissions.
From the existing literature study, it is noticed that the use of various
oxygenated fuel additives at different concentrations, significantly
enhances the performance and combustion characteristics. Also,
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considerable reductions in CO, HC and smoke emissions. Therefore,
current study exploits the influence of different oxygenated fuel addi-
tives in tamarind seed methyl ester-diesel blend to explore the perfor-
mance and emission characteristics in the diesel engine without any
modifications.

2. BIODIESEL PREPARATION

yTamarindus indica“ is likely indigenous to tropical Africa. Its scien-
tific name is “Tamarindus indica”.

Today, India is the biggest maker of tamarind.

The crude oil extracted from the tamarind seed is having higher
viscosity and density when compared to diesel. Transesterification is
the process of separating the total glycerol and fatty acids from the
vegetable oil in the existence of catalyst. Transesterification process
has been used widely to reduce the viscosity of the vegetable oils,
which in turn improves the physical properties of fuels and improving
the engine performance parameters.

In this process, the branched heavy triglyceride molecules of vegetable
oils are broken into smaller and straight chain molecules that is similar
to the diesel particles.

Various chemical reactions involved in transesterification process are
presented below and the transesterification chemical reaction process
is depicted in Figure 1.

Properties of tamarind seed methyl ester and its biodiesel blends are
presented in Tablel.

Table 1.Properties of tamarind seed methyl ester and its biodiesel blends

Properties Diesel TSME TSME20

Density (kg/m3) @ 15°C 830 884 843

16
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Diesel Engine

N
Combustion Data
Aquisition System
Crank angle Encoder
Viscosity (cSt) @ 40 °C 3.05 7.27 3.86
Calorific Value(MJ/kg) 42.50 38.70 41.76
Specific Gravity 0.830 0.884 0.843
Flash Point(°C) 56 159 74
Cetane Number 43 52.4 45
3 EXPERIMENTAL SETUP

Table 2. Technical specifications of the diesel engine setup

Parameter Specification
Make Kirloskar TV1
Rated Power S2kw

Rated Speed 1500 rpm
Bore 87.5 mm
Stroke 110 mm
Compression ratio 17.5:1
Injection timing 23°BTDC
Injection pressure 200~

Experimental investigations were conducted on a four stroke, single
cylinder, natural aspirated, water cooled direct injection compression
ignition engine. Schematic arrangement of the experimental test setup
is as shown in Figure 2. These diesel engines are prominently utilized
as a part of irrigation applications and versatile generators in India.
The Kirloskar TV1 make diesel engine is used for investigation. The
prescribed injection timing by the manufacturer was 23° BTDC with
standard injection pressure of 200 bar. The governing mechanism was

used to control the diesel engine speed under different load operation.
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Fig. 3. Variation of BTE (a) and BSFC(b) with BMEP

The technical details of the experimental setup are given in Table

2. The tail pipe exhaust of direct injection diesel engine contains of

different elements such as hydrocarbons (HC), carbon monoxide
(CO), oxygen (02), carbon dioxide (CO2) and nitrogen oxides
(NOX) emissions. The concentrations of exhaust emissions (CO,
CO2, HC, 02 and NOX) were measured with an AVL 444N five gas
analyzer.

4. RESULTS AND DISCUSSION

4.1 Engine Performance Characteristics

The variation of brake thermal efficiency with respect to brake
mean effective pressure for diesel, TSME 20, and TSME 20 with
DEE, DMC and NAA at 5% and 10% concentrations by volume is

-
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Fig. 4. Variation of CO (a) and HC emissions (b) with BMEP

depicted in Figure 3 (a). BTE represents the efficient conversion of
chemical energy fuel into mechanical energy available at the engine
shaft to the heat energy supplied. The BTE for the tested fuels are
obtained as 34.42%, 34.14%, 35.68%, 36.18%, 33.32% and 33.48%,
33.25% and 33.06% of diesel, TSME 20, TSME 20 with DEE, DMC
and NAA blends. It is also noticed that, the addition of 10% DEE to
TSME 20 biodiesel blend shown significant improvement in brake
thermal efficiency, which is 5.11% over diesel and 5.97 % over the
TSME 20 at full load condition. The brake specific fuel consumption
for fuel additives added to TSME 20 is analyzed with diesel fuel as
shown in Figure 3 (b). The specific fuel consumption of all the tested
fuels is slightly increased with increased in load. The brake specific

17
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Fig. 5. Figure S. Oxides of nitrogen emissions (NOX) variation with BMEP

fuel consumptions of tested fuels are 0.245 kg/kWh, 0.256 kg/kWh,
0.248 kg/kWh, 0.241 kg/kWh, 0.265 kg/kWh, 0.268 kg/kWh, 0.274
kg/kWh and 0.281kg/kWh of diesel, TSME 20, TSME 20 DEE 5%,
TSME 20 DEE 10%, TSME 20 NAA 5%, TSME 20 NAA 10%, TSME
20 DMC 5% and TSME 20 DMC 10% at peak load operation, respec-
tively. The experimental results revealed that the increases in BSFC
for the oxygenated fuel blends are more than the TSME 20 and diesel
fuel at maximum load condition except DEE addition.

4.2 Exhaust emission characteristics

The variation of carbon monoxide emissions with respect to BMEP
for fuel additive biodiesel blends along with diesel and TSME20
as shown in Figure 4 (a). The CO emissions formed for the diesel,
TSME 20, TSME 20 with DEE 5%, DEE 10%, TSME 20 with NAA 5%
and 10% and TSME 20 with DMC 5% and 10% are 0.137%, 0.161%,
0.123%, 0.117%, 0.142%, 0.151%, 0.154% and 0.147% respectively at
full load. It is found that CO formed for DEE 10% TSME 20 blend is
minimum of 0.117%, which is 17% lower CO emissions than diesel
fuel and 37.6% lower CO emissions over the TSME 20 blend. Similar
results were reported by Kalligeros et al. [8].

The variation of hydrocarbon emissions with respect to brake mean
effective pressure for diesel, TSME 20, and TSME 20 with DEE, DMC
and NAA at 5% and 10% concentrations by volume is depicted in
Figure 4(b). It is mainly formed due to deficient combustion process.
From the figure, it is noticed that the addition of oxygenated fuel addi-
tives to TSME 20 biodiesel blend significantly reduced the hydro-
carbon emissions when compared to diesel fuel at all load operation
of the engine.

Also, TSME 20 with 10% DEE has shown 41.46% of HC emissions
reduction when compared to diesel fuel and 33.33% of HC emissions
reduction over the TSME 20 biodiesel blend at peak load operation
of the diesel engine. The use of DMC and NAA to TSME 20 blend
has shown marginal decrease in HC emissions when contrasted with
diesel and TSME 20 blend. The main reason for decreased HC emis-
sions for the oxygenated fuel additive biodiesel blend is due to higher

18

cetane number and availability oxygen, leads to better combustion air-
fuel mixture in the engine cylinder.

The formation of the oxides of nitrogen mainly depends on the pres-
ence of oxygen and elevated temperature while burning of air-fuel
mixture in the engine cylinder. Figure S shows the variation of oxides
of nitrogen (NOX) emissions for the diesel, TSME 20 and TSME 20
with oxygenated fuel additive biodiesel blend at various engine load
operations. From the experimental results, it is found that NOX emis-
sions are higher for TSME 20 with 10% DEE biodiesel blend when
compared to other tested fuel additive blends and also with diesel
fuel. The NOX emission of TSME 20 with DEE 10% biodiesel blend
is 3.8% higher than diesel fuel and 7.55% higher than TSME 20 blend
at full load operation. The experimental test results were very close
agreement with the results as reported by Ibrahim [14].

5§ CONCLUSIONS

The comprehensive experimental investigation has discussed the
influence of oxygenated fuel additives on the performance, combus-
tion and emission characteristics of a diesel engine fueled with TSME
20 blend. TSME 20 DEE 10% blend shown enhanced brake thermal
efficiency and reduction of exhaust emissions when compared to
diesel and also other blends tested in this study.

It is mainly due to higher oxygen availability, low viscosity, and density
of DEE nature.

The emissions of fuel additive blends at all load conditions were lower
than the diesel. However, there was a marginal increment in brake
specific fuel consumption and the oxides of nitrogen emissions.

The CO and HC emissions are lower in the case of TSME 20 DEE
blends than that of diesel.

However, the NOX emissions are higher for DEE biodiesel blends
when compared to other oxygenated blends and also with diesel.

Lucrare prezentatd in cadrul Congresului International al SIAR de
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SIMULAREA PROGESULUI DE SGHIMB DE GAZE PENTRU
MOTOARELE GU ARDERE INTERNA CU PISTOANE OPUSE

THE SIMULATION OF THE GAS EXCHANGE PROCESS FOR THE INTERNAL
GCOMBUSTIN ENGINES WITH OPPOSITE PISTONS

REZUMAT

Motoarele cu ardere internd cu pistoane opuse prezintd posibilitatea credrii unuimecanism
motor echilibrat dinamic avand un numdr mai mic de cilindri in comparatie cu motoarele
conventionale. Schimbul de gaze are o importantd deosebitd atat in dezvoltarea generali
a motorului, cat i in dezvoltarea camerei de ardere. Simularea procesului de schimb de
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gaze, se face cu ajutorul unor programe de simulare: GT Power si Computational Fluid
Dynamics (CED).
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1.INTRODUCTION

The engines with opposite pistons present the possibility to create a
dynamic balanced motor mechanism, having a smaller number of cylin-
ders compared to conventional engines [1], [S]. Also, the total stroke of the
motor mechanism is divided between the two ones of the pistons. The two
pistons are moving in opposition to each other in a cylinder. As a result,
at the same engine’s rotational speed, the mean piston’s speed is consider-
able reduced, reducing also the frictions between the engine’s parts. On the
other hand, if one keeps the piston’s mean speed, the rotational speed of the
engine doubles. This results in a doubling of the engine’s power.

In the case of the two stroke engine with opposite pistons, one can adopt
the exchange gas process with a uniflow scavenging, one of the pistons
governing the exhaust port while the second piston is governing the intake
port. Also, this type of mechanism presents the possibility to implement,
relatively simply, an asymmetric distribution diagram in relation to the
TDC (Top Dead Center) [6], [7], [8].

The simulation of the gas exchange process will be done for an oppo-
site pistons engine, having two opposite cylinders. The concept of this

Fig. 1. The scheme of the gas exchange system, realized by the one dimensional simulating program GT Power

engine has been patented in the year 1999 by one of the authors, under
the denomination of EM100D, Prof. eng. Peter Hofbauer PhD: ,Internal
combustion engine with a single crankshaft and having opposed cylinders
with opposed pistons”, U.S. patent n. US 6,170,443, B1, Santa Barbara,
1999 [2], [3].

The simulation and the optimization of the gas exchange process will be
done with the aid of some simulation programs in two stages [9], [10].1
the first stage one will realize the one dimensional simulation of the entire
gas exchange process, with the aid of the simulation program. In the
second stage, for a more accurate simulation, one will use the 3D simula-
tion programs (Computational Fluid Dynamics — CFD) [4].

2. THE SIMULATION OF THE GAS EXCHANGE PROCESS
USING THE SIMULATION PROGRAM GT POWER

Following this simulation, one will obtain the first estimation of the gas
exchange process, together with the variation of the pressures and the
pressures inside the whole system. In Figure 1 is presented the scheme
of the gas exchange system, realized by the one dimensional simulating
program GT Power.
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Fig. 2. Comparison between different scavenging curves.

In this scheme one can observe that in the one dimensional simulation
all the components of the gas exchange system are taking to considera-
tion, starting with the air filter at the beginning of the intake system and
ending with the noise dumper at the end of the exhaust system. Between
the air filter and the noise dumper all the volumes and the lengths of
the connecting pipes, as well as the volumes around the intake and the
exhaust ports of the cylinder were taken into consideration. The intake

and the exhaust ports are considered to be one dimensional orifices at

Debitul instantaneu si masa acumulata prin ferestrele
de admisie si evacuare (2000 rpm; 600 Nm)
~——gdebit instantaneu prin evacuare

----masa totala prin evacuare
- - -deschiderea ferestrelor de admisie

~——gdebit instantaneu prin admisie
----masa totala prin admisie
- - -deschiderea ferstrelor de evacuare

= = -inchiderea ferestrelor de evacuare
1.50

- = -inchiderea ferestrelor de admisie
3.7

=90 -80 -70 -60 -50 -40 -30 -20 -10 O
PMI

] i .
] ]
EREN 325 W
—_— L m
E 100 | 275 '—E
07 225
i
£ o050 o 175 3
& : m
£ 025 125 8
£ : =
At L
% 0.00 0,75 3
B .0.25 2 02 B
SN . - (-]
050 —* : -0.25 2

10 20 30 40 S0 60 70 80
["RAC]

Debitul instantaneu si masa acumulata prin ferestrele
de admisie si evacuare (3000 rpm; 570 Nm)

—debit instantaneu prin admisie —debit instantaneu prin evacuare
-=== masa totala prin admisie ==== masa totala prin evacuare
- - -deschiderea ferstrelor de evacuare - - -deschiderea ferestrelor de admisie

Presiunile din Sistemul de schimb de gaze in jurul PMI
(2000 rpm; 600 Nm)
—Cilindru —amontele ferestrelor de admisie
——avalul ferestrelor de evacuare - = -deschiderea ferstrelor de evacuare
- - -deschiderea ferestrelor de admisie - - -inchiderea ferestrelor de evacuare
- - -inchiderea ferestrelor de admisie
3'0 [} 1
1 i
7.0 1|4
z A
- 6.0 ' '
] - 1 i
' 1
&5 TR
— L} 1
@D W
3 30 i
3 i
a 20 _&nﬁc’%
10 y e
[} i
0.0 s
-90 -80 -70 -850 -50 -40 -30 -20 -10 O 10 20 30 40 S0 &0 VO B0
PM [*RAC]
Presiunile din Sistemul de schimb de gaze in jurul PMI
(3000 rpm; 570 Nm)
—Cilindru —amontele ferestrelor de admisie
—avalul ferestrelor de evacuare = = -deschiderea ferstrelor de evacuare
- = -deschiderea ferestrelor de admisie - - -inchiderea ferestrelor de evacuare
- = -inchiderea ferestrelor de admisie
8.0 1 I
7.0 i
—_— : \
8o =
‘ 5 0 1 L
g™ N E
@ 40 o
= 1 ]
g 30 : ﬁﬁl
1
= 20 L ' '
o | ‘ ¢ |
10 | ' T
1 L] 1 L]
0.0 :
<90 -80 -70 -0 -50 -40 -30 -20 -10 O 10 20 30 40 50 &0 70 80
PMI [*RAC]
Presiunile din Sistemul de schimb de gaze in jurul PMI
(3800 rpm; 435 Nm)
—Cilindru —amontele ferestrelor de admisie
—awvalul ferestrelor de evacuare - - -deschiderea ferstrelor de evacuare
= = -deschideraa ferestrelor de admisie - - -inchiderea ferestrelor de evacuare
- = -inchiderea ferestrelor de admisie
3.0 v ' '
L] L
7.0 —
o i
= 60 AR
=
@ 50 oo
(= il
o 49 A
c
330 i \
W
20 (— ! —
=5 L] 1 ] 1
10 i ' vz
| : ;13
-80 -80 -70 -60 -50 -40 -30 -20 -10 © 10 20 30 40 50 60 70 B8O
PM [°RAC]

Fig. 3. The results of the one dimensional simulation for the EM100D engine.
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Fig. 4. The 3D geometry used for the three dimensional simulation (CFD):
1 — exhaust ports; 2 — connecting surfaces of the intake and exhaust

4

collectors; 3 - engine cylinder; 4 — air volume around exhaust ports;

S — intake ports; 6 - air volume around intake ports.
which one estimates, for beginning, the flow coefficients.

One of the very important intake parameters in the one dimensional
simulation is the scavenging curve. This curve is estimated at the begin-
ning of the simulation that will iterative be rectified following the tridi-
mensional simulation. The estimation of the initial scavenging curve is
made taken into consideration the previous experiences in the field and
the speciality literature.

In Figure 2 are presented the ideal scavenging curves, scavenging in ideal
mixture conditions, the typical scavenging in counter current and the
scavenging curve in uniflow estimated for the EM100 engine. With this
curve starts the process of the one dimensional simulation.

In the graph in Figure 2 the scavenging process takes place from right
to left, from the point {1.1}. The residual burned gases are discharged
through the exhaust ports as the fresh charge enters in the cylinder
through the intake ports, with any part of the fresh charge being lost
through the intake ports. In the moment in which the first molecules
of fresh air reach the exhaust ports, the residual gases are totally elimi-
nated from the cylinder and the exhaust ports close. In the case of the

Vertical section
e |90 |ON
b -
Fig. 5. The results for the three dimensional simulation of the scavenging for

Horizontal section
the EM100D engine.

Fig. 6. The speed vectors of the fresh air in the intake process through the
intake ports.

Fig. 7. The speed of the residual gases through the exhaust ports during the
scavenging process

perfect mixture scavenging, the curve signifies the existence of a process
of instantaneous homogenous mixture process between the fresh charge
that enters in the cylinder and the residual gases. As a result, the gases that
leave the cylinder through the exhaust ports are a homogenous mixture
of fresh charge and residual gases. These two curves are theoretical and
present interest only from analytical point of view, in order to compare
and study different real scavenging curves.

The results of particular interest obtained following the one dimensional
simulation are the variation of the pressure in the close proximity of the
intake and the exhaust ports, of the instantaneous flows and of the total
mass of fluid (residual gases and fresh air), that passes through the ports.
With the aid of these parameters one can make a qualitative estimation
of the gas exchange process through the previous presented parameters.

In Figure 3 are presented the results of the one dimensional simulation
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Fig. 8. The differences between the 1D and the 3D simulations for the EM100D engine.
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Fig. 9. The influence of the intake ports height on the energetic and scavenging parameters of the EM100D engine.

for three different rotational speeds, at full load for the engine EM100D.
One can observe the fact that the pressure waves are closely related to the
engine’s rotational speed and load, as well as on geometrical characteris-
tics of the gas exchange system. A great air volume in the vicinity of the
intake ports helps to the uniformization of the intake pressure. Also, the
volume in the immediate vicinity downstream of the exhaust ports signifi-
cantly influences the exhaust pressure. The cylinder’s pressure is the result
of the interaction between the two pressures and because of the waving
nature of the entire exhaust gas system, the difference between the three
pressures is not constant as size and sense.

The instantaneous flows through the intake and the exhaust ports varies in
relatively great limits, from positive values to negative ones, depending on
the pressure difference from the their upstream and downstream. This fact
affects the quality of the separation surface form between the fresh air and
the exhaust gases, generating an unwanted mixture between the two fluids
3. THE SIMULATION OF THE GAS EXCHANGE PROCESS
‘WITH THE AID OF THE SIMULATION PROGRAM
COMPUTATIONAL FLUID DYNAMICS

In the second stage, for a more accurate simulation, one will use the
aid of the 3D (CFD) simulation programs. In this stage it is considered
a narrower part of the gas exchange system, in order to reduce the time
necessary for this simulation and the computing power and computer
requirements. In the case of the 3D simulation one takesinto consideration
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the cylinder’s geometry, the intake and the exhaust ports geometry and
the volumes around the intake and the exhaust ports. At the intersection
between the respective volumes and the intake and the exhaust manifolds
the geometry for the 3D simulation is interrupted, following that on the
interrupting surfaces to apply the border conditions resulted from the one
dimensional simulation. Depending on the desired accuracy, one can also
consider parts of the intake and the exhaust manifolds, in order to ease the
stability of the computing model.

In Figure 4 is presented the 3D geometry used in the three dimensional
simulation. For the three dimensional simulation the programs Fluent
and Converge have been used.

By introducing the pressures obtained in the first stage of the simulation
as input data for the 3D simulation, one can view the intake process, the
size and the direction of the fluid molecules speed, determining at the
same time more accurate flow coeflicients for the intake and the exhaust
ports, in Figure 5, Figure 6 and Figure. 7 are presented some of the results
of the three dimensional simulation for one operating point of the engine
(3800 rpm, at full load).

In Figure S is presented the scavenging process in two perpendicular
sections (vertical and horizontal) in which the blue color simulates the
fresh air and the red color the exhaust gases. One can observe that the
separation surface between the fresh air and the exhaust gases is not ideal
but, because of the radial configuration of the ports and the volumes in
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Table 1. The variation the scavenging process parameters, depending on the exhaust ports height of the right side cylinder

Right side cylinder — 3.800 rpm, at full load
Exhaust[r}; c:;t]s height Type of simulation Qu;;::izg air Total qgantity of ere'lslﬁt;ti?;t: Scavening0 coefficient
[et] gas retained [gr] . [%]

GT Power 2.590 2.624 2.377 90,58

% CFD - 10 Ports 3.110 2.832 2.576 91,00

GT Power 2.480 2.606 2.302 88,35

27 CFD - 10 Ports 2.872 2.778 2.490 89,63

CED - 12 Ports 2.678 2.762 2.461 89,08

GT Power 2.379 2.552 2217 86,87

2 CFD - 10 Ports 2.730 2.706 2410 89,08

their immediately vicinity, this surface is more regular and has a smaller
area compared to a counter current scavenging.

The results obtained after the three dimensional simulation do not match
after the first iteration with the results obtained after the one dimensional
simulation because of the necessary approximations, made for the input
data at the one dimensional simulation (Figure 8). As a result, more itera-
tions must be done, by using de scavenging curve and the flow coeflicients
for the ports obtained in the 3D simulation as input data for the 1D simu-
lation. Generally, two or three iterations are sufficient in order to obtain
an acceptable difference between the 1D and the 3D simulations and, as a
result, the calculation model can be considered to be calibrated.

The next step consists in the modification of some parameters that influ-
ence the gas exchange to reach the final architecture that offers the best
compromise between the scavenging quality, the energetic and the envi-
ronmental performances of the engine and energy consumed for the
scavenging. The Table 1 presents the variation of some parameters of the
scavenging process, depending on the exhaust ports height of the right
side cylinder.

In Figure 9 is presented the influence of the intake ports height on some
energetic and scavenging parameters of the engine.

In Figure 9 the engine’s power has been calculated for a two EM100D
modules assembly, with an air excess factor A=1.3S.

4. CONCLUSIONS

The calculus and the optimization of the gas exchange process in the case
of two stroke engine involves a great effort and a high volume of the simu-
lation’s iterations, with the modification of the parameters, one by one,
in order to understand their influence on the scavenging. This effort has
as general purpose the development of the engine but, at the same time,
has a great importance in the development of the burning chamber. The
intake and the exhaust ports height influence the compression and the
expansion ratio of the engine. The quality of the air/ burned gases mixture,
also the speed and the direction of the air movement at the end of the
compression stroke determine the architecture of the burning chamber
and, in the end, the energetic and the environmental performances of the
engine. The multitude of parameters which have a major influence on the
gas exchange further complicates the data of the problem, so a special
attention is needed in the choosing, the designing and the optimization of

each part of the exhaust gas system.

The calculus and the optimization of the gas exchange process at the
uniflow scavenging EM100D engine has demonstrated the fact that is
possible to obtain a good filling of the cylinder with fresh air. Theoretical,
in the case in which a good filling of the cylinder with fresh air is realized,
comparable to the filling of four stroke cylinder the power of the opposite
pistons doubles. The experience has shown that the direct solutions finally
take out the indirect ones, and the gas exchange in the cylinder, without
requiring other supplementary strokes of the pistons, is a direct solution.
As aresult, the effort for the research and the development of this process
is justified, in the perspective of obtaining some major advantages in the
development of the internal combustion engines.

Lucrare prezentatd in cadrul Congresului International al SIAR de
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ASSESSMENT OF THE ENERGY BALANCE OF BIOFUELS

FOR MOTOR VEHIGLES

EVALUAREA ECHILIBRULUI ENERGETIC AL BIOCOMBUSTIBILILOR UTILIZATI
PENTRU ALIMENTAREA AUTOVEHIGULELOR

Fuel tank

1.INTRODUCTION

Increased industrialization, deple-

Engine torque
tion of petroleum resources and
modernization of the world have
caused researches to search and
develop alternative fuel sources. Adir filter
Biodiesel is one of the promising
alternative fuels. Biodiesel is made
from vegetal oil (rapeseed oil,
sunflower oil, soybean oil) or animal
fat using chemical processes [1].
Extending the use of alternative
fuels can lead to soil protection and greenhouse gas reduction.

Biodiesel has a lower aromatic compound, about 10% oxygen content
and is sulfur-free. These characteristics can contribute to the reduction
of carbon dioxide, carbon monoxide, unburned hydrocarbons and soot
emissions [2][3][4][5].

Biodiesel is safe to storage and handle because it has a high flash point and
alower volatility[6][7].

The major disadvantage of biodiesel is its viscosity. Higher viscosity can
lead to a poorer atomization, smaller cone angle, increase average droplet
diameter and longer tip penetration [6][7].

2. EXPERIMENTAL SETUP

The tests were made on a Renault K9K engine. The engine specifications
are presented in Table 1. A schematic diagram of the engine test bed is
presented in Figure 1.

The engine was mounted on a Horiba Titan 250 test bench. The engine
test bed is equipped with an electric Dynas3 L1250 dynamometer, which
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Fig. 1. Schematic diagram of the engine test bed

is designed for operated within a range of 0-8000 rotations per minute. It
can measure engine power up to 250 kW with an accuracy of +2%.

Table 1.Engine properties

Engine type Renault K9K four stroke
Number of cylinders 4
Bore (mm) 76
Stroke (mm) 80.5
Total displacement (cm3) 1451
Compression ratio 153
Maximum power 72 kW at 3700 rpm
Maximum torque 200 Nm at 2700 rpm
. Common-rail direct
Fuelling -
injection

The engine was fuelled with a blend from mineral diesel and 6% and
10% of biodiesel obtained from waste oil. The characteristics of fuel are
presented in Table 2.
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Fig. 2. In-cylinder pressure sensor

Table 2. Fuel properties

Properties Diesel Bo foaste B10 Waste
oil oil
Density (at 20 °C), kg/m3 840.2 842.7 8444
Viscosity (at 20 °C), mm2/s 5.34 5.27 6.15
Cetane number S1.1 54.2 58.9
Flash point, °C 67 71 71
Net calorific value, MJ/kg 43.16 42.56 42.19

The in-cylinder pressure was measured with Kistler 6005 pressure sensor
installed at glow plug hole of cylinder (Figure 2). The crankshaft angle
was measured using AVL 365 sensor that is mounted on the crankshaft
pulley (Figure 3). This is an optic sensor that using the beam of light
passing through the slots. The tests were made for full load of the engine
3. EXPERIMENTAL RESULTS

The ignition delay is defined as the period between start of the fuel injec-
tion and the start of combustion. The start of injection was considerate
the moment when the injector starts to be energized with power. The start
of combustion was considerate the moment when the in-cylinder pres-
sure raise more than the pressure from cylinder when is no fuel injected.
The ignition delay has an important impact on the heat release rate and on
engine noise and emissions. The ignition delay is composed from physical
delay and chemical delay. The physical delay depends on fuel’s properties
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Fig. 4. Variation of the ignition delay
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Fig. 3. AVL 365C position sensor

and composition and the chemical delay depends on cylinder pressure,
cylinder temperature and fuel properties. Usually, the chemical delay is
longer than the physical delay.
In Figure 4 is presented the ignition delay when engine running at full
throttle.
The start of injection was the same for all test (13° CA before Top dead
Center and the end of injection was at 15° CA after Top Dead Center) as
can be seen in Figure 5.
In all tests, the ignition delay was shorter for biodiesel blends that for
mineral diesel. Also, the ignition delay decreases with the increase of
speed and load. This is the effect of high oxygen content in biodiesel.
Another reason is the in-cylinder temperature that increases when the
engine is fueled with biodiesel. The biodiesel blends have a higher bulk
modulus, higher sound velocity, higher density and higher cetane number
that mineral diesel. These characteristics lead to an early start of injection
and a shorter ignition delay. Heat release rate is used to characterize Diesel
engine combustion. The lower volatility and higher viscosity of biodiesel
blends can contribute to a poor fuel atomization and in a reduction of heat
release rate (Figure 6). The first phase of heat release is higher for biodiesel
blends that for mineral diesel and may be due to the higher cetane number
of biodiesel and supplementary oxygen contained by biodiesel. The
cylinder pressure variation is important for the analysis of combustion
process. The maximum pressure cylinder is smaller with 0.8% for B6 and
with 2.8% for B10. Because the biodiesel blends have a higher viscosity
1

0.8
i

f 04—

Signal to injector

32—
o
(1]
Crankshaft angle
Fig. 5. The law of injection at full load and 3700 rpm
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and density as mineral diesel, spray characteristics are affected because
is minimized the atomization. Both of these factors can lead to a smaller
maximum pressure when the engine is fueled with biodiesel blends.

4. CONCLUSIONS

Waste oil biodiesel and its blends have a higher cetane number, increased
oxygen content, higher viscosity and density compared with mineral
diesel fuel.

These properties have an important impact on combustion:

- The ignition delay is shorter for biodiesel blends and it decrease with
the increase of biodiesel percentage;
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- The maximum in-cylinder pressure decrease with the biodiesel
percentage in blends;

- The result of tests shows that waste oil biodiesel can be used in engine
in small percentage. For larger percentage it is necessary to modify the law
of injection for engine (start of injection, duration of injection).

Lucrare prezentatd in cadrul Congresului International al SIAR
de Inginerie a Autovehiculelor si Transporturilor — AMMA 2018,
17.10 - 19.10.2018, Cluj-Napoca, Romdnia, si publicatd in volumul
»AMMA 2018 — The IV* International Congress, Selection of
Papers”, UTPress, ISBN 978-606-737-314-1.
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