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Aspectul estetic al caroseriei este un criteriu important pentru majoritatea utilizatorilor in fundamentarea
deciziei de achizitionare a unui autovehicul. De asemenea, spatiul oferit de caroserie pentru efectuarea
diferitelor tipuri de transport, precum si confortul si siguranta activa si pasiva asigurate conducatorului
autovehiculului si pasagerilor sunt foarte importante. Nu mai putin importante sunt si caracteristicile
masice, rigiditatea si forma aerodinamica a caroseriei care influenteaza performantele dinamice,
stabilitatea si maniabilitatea autovehicului. In prezent, reparabilitatea caroseriei este un factor de interes nu numai pentru utilizatori,
dar si pentru societatile de asigurare.

Aceasta lucrare are ca scop tratarea principalelor probleme legate de caroseriile autovehiculelor rutiere, pe parcursul a sapte capitole.
Primul capitol este un capitol introductiv in domeniul caroseriilor de autovehicule. Dupa un scurt istoric al evolutiei caroseriilor, sunt
prezentate principalele modalitati de clasificare a acestora. Aspecte privind materialele si tehnologiile utilizate la constructia corpului
caroseriilor sunt prezentate in al doilea capitol. Sunt aratate caracteristicile principalelor tipuri de materiale utilizate la constructia
corpului caroseriei si principalelor tehnologii de fabricare si asamblare aplicate la componentele pentru caroserii. Al treilea capitol este
destinat prezentarii solutiilor constuctive ale caroseriilor de autoturisme, autocamioane si autobuze. Solutiile constructive prezentate
se refera la constructia corpului acestor caroserii, dar, in cazul autoturismelor, sunt facute referiri si la constructia componentelor
de inchidere si atasate. Al patrulea capitol se refera la unele aspecte privind proiectarea caroseriei, fiind prezentate elemente de
ergonomie a postului de conducere si de organizare a caroseriei. Elemente de calcul al caroseriilor sunt prezentate in capitolul cinci,
in care sunt indicate principalele cazuri in care aparsolicitari statice si dinamice care actioneaza asupra caroseriei in conditii normale
de exploatare si modul in care se face aprecierea rezistentei si rigiditatii acesteia. Al saselea capitol descrie cateva notiuni legate
de caracteristicile aerodinamice ale formei caroseriei si influenta acesteia asupra aerodinamicii autoturismelor. in ultimul capitol sunt
prezentate aspecte privind repararea caroseriilor, incepand cu evaluarea avariilor si definirea principalelor tipuri de avarii ale unei
caroserii de autoturism si pana la tehnologia tipica de masurare si reparare a acestora.
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Lucrarea prezinta intr-o succesiune logica aspecte referitoare la modelarea cu ajutorul soft-ului VISSIM a
retelelor de transport rutier, a fluxurilor de trafic aferente transportului privat, alocarea acestora pe retea,
simularea deplasarilor si inregistrarea rezultatelor. e
Primul capitol este o introducere n ingineria traficului rutier si a principiilor avute in vedere la elaborarea
modelelor de transport.

Tn capitolul doi este prezentatd modelarea retelei stradale de transport rutier compusé din link-uri, conectori, marcaje rutiere si spatji
de parcare, a retelei de transport feroviar si naval, a elementelor aferente circulatiei pietonilor si a obiectelor statice 3D.

Tn capitolul trei sunt prezentate notiuni si exemple de modelare a transportului rutier privat. Acestea constau in modelarea compozitiilor
de vehicule care utilizeaza reteaua de transport, modelarea performantelor dinamice ale vehiculelor, modelarea fluxurilor la intrarea
vehiculelor Tn retea, crearea si gestionarea rutelor de transit si de accesare a locurilor de parcare, modelarea restrictiilor de viteza
pentru diferite clase de autovehicule.

Tn capitolul al patrulea este prezentatd modelarea circulatiei in intersectii nedirijate, in intersectii dirijate prin marcaje rutiere “Cedeazé
trecerea“ si “Stop”, gestionarea zonelor de conflict din intersectii si modelarea diferitelor veriante de semafoare, a ciclurilor de
semaforizare si a circulatiei vehiculelor in intersectiile semaforizate.

Tn ultimul capitol sunt prezentate notiuni privind simularea circulatiei, parametrizarea prezentérilor video si inregistrarea acestora.
Informatiile oferite sunt insotite de imagini, exemple si studii de caz explicate detaliat, astfel incat in final cititorul sa devina familiarizat
cu elementele de baza ale softului VISSIM.
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VIZIUNEA SIAR iN PERIOADA 2016-2020: DIALOG, COLABORARE, AMELIORARE
2016-2020 — THE VISION OF SIAR: DIALOGUE, COOPERATION, IMPROVEMENT

ocietatea Inginerilor de Automobile din
Romania (SIAR) este o organizatie profe-
sionald fondati in 1990, afiliatd la FISITA
(Fédération Internationale des Sociétés
d’Ingénieurs des Techniques de I'Automobile) si
EAEC (European Automotive Engineers Coopera-
‘ <~ h tion). Motto-ul SIAR este ,Cunoastere si dezvoltare
A prin colaborare”. Asadar, cuvéntul cheie ce trebuie si
guverneze actiunile SIAR este colaborarea.
Inainte de a preciza cine trebuie si colaboreze, ma gandesc ci este necesar
sa mentionez de ce este necesari colaborarea. Altfel spus, cumva, pe scurt,
sd descriu modul in care se configureazi strategia de dezvoltare a SIAR.
Opinia mea este ci punctul de start e dat de urmatoarea intrebare:

Care este ratiunea de a fi a SIAR sau, mai simplu, de ce existd SIAR?

Fard sa dezvolt prea mult, eu cred cd nimic nu poate exista daci nu-si
dovedeste utilitatea. In cazul SIAR, discutim, mai intii, de satisfactia
membrilor sai, apoi, de cea a partenerilor sai (NB. clientul suprem al
oricirei organizatii este societatea insisi). In consecinti, dupa pirerea
mea, aderarea specialistilor ce activeaza in domeniul Autovehiculelor si
Transporturilor la organizatia noastra inseamna si niste asteptiri. Unele
sunt pe termen scurt si mediu (de exemplu, dezvoltarea profesionald
personala prin interactiuni diverse, facilitate de SIAR), altele sunt pe
termen lung (de exemplu, contributii diverse la dezvoltarea durabili a
societatii). Deci, obiectivele asumate de SIAR trebuie si vizeze atingerea
acestui scop, ce se poate rezuma in felul urmitor: satisfactia beneficiarilor
SIAR. Din momentul in care obiectivele au fost stabilite, este necesara
creionarea activitatilor ce ar trebui sa conduci la atingerea lor, iar pentru
aceasta, se iau in calcul resursele, nu-i aga? Cea mai valoroasi resursi este,
evident, cea umana. Jati ci, dupd un rationament ce mie-mi pare simplu
si firesc, ajungem la punctul cheie al povestii mele: dezvoltarea prin cola-
borare a membrilor SIAR, asadar, intr-un final fericit, atingerea stadiului
de cunoastere. As zice ci acesta este raspunsul la intrebarea de mai sus.

Daci am face o analogie cu mecanismele, ceea ce am descris mai sus se
constituie in etapa de sintezd, in urma cireia se determina legea de miscare
a elementului motor, necesard atingerii obiectivului impus. Precizez
aceastd analogie din simplul motiv c, in opinia mea, nous, inginerilor,
ne este infinit mai simplu si aplicim acest principiu sistemelor noastre
mecanice decit si-l aplicim organizatiilor din care facem parte. Ce incerc
sd spun este ca principiul evocat ce trebuie sa stea la baza ameliorarii
functionarii organizatiilor din care facem parte este usor de enuntat, usor
de inteles insa, foarte des, nu la fel de usor de aplicat. Sper ca sunteti de
acord cu mine...

Revenind, dupi parerea mea, dezvoltarea reald a SIAR se poate realiza
numai printr-o colaborare eficientd intre sectiile zonale ale SIAR, iar pentru ca
ratiunea de a fi a SIAR este legati de aducerea la viatd a unor actiuni utile
beneficiarilor sii, consider ci singura solutie pentru rezolvarea acestei
probleme este dialogul.

Inchei repetind ceea ce am mai spus in diferite ocazii: nevoia de amelio-
rare si de intensificare a dinamicii unei organizatii trebuie si fie continu
si ancorati la vremurile pe care le parcurge organizatia; este important
ca vocea SIAR si fie auzita, astfel incat utilitatea organizatiei noastre sa
fie evidentd pentru pirtile implicate. Toate acestea se pot atinge numai
printr-o colaborare eficientd, ceea ce implici un dialog continuu.
Finalmente, pentru ca orice sfarsit de an este nu numai un moment de
bilant dar §i un nou inceput, consider potrivit sa citez dintr-un film pe
care-l recomand ,Kingdom of Heaven:

What man is a man who does not make the world better?”

Asadar, la final de an, membrilor SIAR le urez sanitate, fericire, putere de
munca si le transmit invitatia de a se implica in actiunile SIAR pentru a
face, impreuni, din SIAR o organizatie mai buni.

Adrian CLENC],
Presedinte SIAR, Director al Departamentului Autovehicule
si Transporturi, Universitatea din Pitesti
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THE XII™ INTERNATIONAL CONGRESS OF AUTOMOTIVE AND TRANSPORT ENGINEERING
THE INTERNATIONAL CONGRESS OF THE SOCIETY OF AUTOMOTIVE ENGINEERS OF ROMANIA — SIAR

CONGRESUL INTERNATIONAL DE INGINERIE A AUTOVEHICULELOR
$1 TRANSPORTURILOR RUTIERE — CONAT 2016
CONGRESUL INTERNATIONAL AL SOCIETATII INGINERILOR DE AUTOMOBILE DIN ROMANIA — SIAR
26 -29 OCTOMBRIE 2016, BRASOV, ROMANIA
TEMA GONGRESULUI: AUTOMOTIVE VEHIGLES AND FUTURE TECHNOLOGIES

In perioada 26.10 - 29.10.2016 au avut
loc lucririle Congresului International de
Inginerie a Autovehiculelor si Transpor-
turilor Rutiere - CONAT 2016, organizat
de Societatea Inginerilor de Automobile
din Romania — SIAR si SAE International
prin Departamentul de Autovehicule si
Transporturi din cadrul Facultatii de In-
ginerie Mecanica a Universititii , Transil-
vania” din Bragov sub patronajul FISITA
(The International Federation of Auto-
motive Engineering Societies).
Eveniment stiintific major in comuni-
tatea cercetitorilor, cadrelor didactice
universitare §i a altor specialisti din do-
meniul ingineriei autovehiculelor, trans-
porturilor si sigurantei rutiere, Congresul
International de Inginerie a Autovehicule-
lor si Transporturilor Rutiere - CONAT
2016 a avut la bazi experienta acumulata
de-alungul a 11 editiii anterioare, organi-
zate in anii 1965, 1976, 1980, 1982, 1985, 1988, 1993, 1996, 1999, 2004
i 2010.

Congresul International de Inginerie a Autovehiculelor si Transporturi-
lor Rutiere - CONAT 2016 a fost organizat de Departamentul de Au-
tovehicule si Transporturi din cadrul Facultatii de Inginerie Mecanica
a Universitatii ,Transilvania” din Brasov, unul dintre centrele nationale
de excelenta in cercetarea aplicativi si fundamentala din domeniul ingi-
neriei autovehiculelor si transporturilor rutiere, cu o largi recunoastere
internationala.

Congresul a fost insotit de un ansamblu de manifestari care au atras
atentia specialistilor roméni si striini din domeniul ingineriei autovehicu-
lelor si transporturilor rutiere prezenti la Brasov cu aceasta ocazie. Aces-
te manifestdri au transformat Bragovul pentru céteva zile intr-un centru
international al ingineriei autovehiculelor, oferind astfel prilejul stabilirii
unor contacte utile de colaborare i informare in domeniul problemelor
actuale privind dezvoltarea autovehiculelor, siguranta transporturilor ru-
tiere, protectia mediului etc.

Schimbul activ de idei, alituri de mobilitatea cercetatorilor, caracterizea-
74 societatea actuald si constituie unul dintre motoarele de dezvoltare a
domeniului ingineriei automobilelor. Participarea la lucrarile congresu-
lui a unui numar important de specialisti din mediile academic, social si
economic din tard si de peste hotare a permis crearea unui cadru priel-

nic abordarii cu substanta a temelor importante care preocupa societatea

contemporana si constituie provocari continue.

Directiile de interes propuse pentru Congresul International de Inginerie
a Autovehiculelor §i Transporturilor Rutiere - CONAT 2016 au asigurat
un cadru stiintific adecvat unor schimburi de idei si dezbateri intense si
obiective, au reflectat aceste preocupiri din domeniul ingineriei autove-
hiculelor, fiind orientate pe urmatoarele teme: solutii inovative pentru au-
tovehicule; autovehicule rutiere si mediul; sisteme moderne de transport
si trafic auto; metode avansate in ingineria autovehiculelor; vehicule grele
si speciale; noi materiale i tehnologii; expertiza evenimentelor rutiere.
Cei peste 200 de participanti la congres au avut ocazia de a se implica
activ la lucrarile stiintifice prezentate in sesiunea plenara, cat si in cadrul
sectiunilor, work-shop-uri, expozitii, vizite tematice, activitati sociale.

In cadrul ceremoniei de deschidere a congresului, prof. univ. dr. ing. Ni-
colae ISPAS, - presedintele Comitetului de organizare si director al De-
partamentului de Autovehicule si Transporturi din Universitatea ,Tran-
silvania” din Bragov I-a prezentat pe domnul Murli IYER - vicepresedinte
al FISITA si SAE International, Chairman al Congresului CONAT 2016,
care a adresat participantilor un mesaj din partea conducerii FISITA si
SAE International. In continuare, au prezentat mesaje delegatilor prezenti
la Congresul CONAT 2016 prof. Gunter HOHL- vicepresedinte al Aus-
trian Society of Automotive Engineers - OVK Austria, fost vicepresedinte
FISITA si presedinte EAEC, prof. univ. dr. ing. Daniel MUNTEANU
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NIVERSITATER,
TRANSILYANIA
DIN BRASOV

— Prorector al Universititii ,Transilvania” din Brasov, prof. univ. dr. ing.
Eugen-Mihai NEGRUS - presedinte de onoare al SIAR, domnul Pascal
CANDAU - manager general la Renault Technologie Roumanie, dr. ing.
Constantin STROE - presedinte ACAROM, prof. ing. Peter PLEUS —
CEO Schafller AG, Germania, ing. Gerolf STROHMEIER - Managing
Director, AVL List GmbH, Austria, conf. dr. ing. Adrian CLENCI -
presedinte STAR.

Dupi ceremonia de deschidere a congresului care a avut loc in Centrul de
conferinte al Universitatii ,Transilvania” din Brasov, s-a trecut la prezen-
tarea lucrarilor in plen.

Prima lucrare, ,Worldwide Diversity Management of ,Global Access”
Renault/Dacia’s Vehicle Range
by Using a Modern PLM
System” sustinuta in plen de
Bogdan BADESCU si Pascal
CANDAU de la Renault Tech-
nologie Roumanie, a abordat
o tema de prima importanta
in aceasta perioada pentru

Renault i, implicit, pentru
specialistii roméni care lucreaza
in aceastd companie, descriind
preocupirile dezvoltarii retelei
Renault ,,Global Acces” necesara
pentru conceperea/proiectarea
simultani a 16 autovehicule

in 4 centre interconectare de

6

. " Universitatea
¥ TRANSILVANIA
din Brasov
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cercetare-dezvoltare si fabricate in 12 intreprinderi de pe patru continente
intr-un context complex de surse de aprovizionare.

In continuare Peter GUTZMER - Schaeffler Group - a avut o interventie
urmdritd cu mult interes de auditoriu cu titlul ,Mobility for Tomorow” si
care prezintd conceptul strategic al Schaeffler Group bazat pe patru arii

»

principale: “eco-friendly drives”,

» .

“urban mobility”, “interurban mobility”
si “energy chain’.

Lucrarea ,New EU Real Driving Emission Legislation (RDE) — The Big
Challenge™ sustinuti de Gerolf STROHMEIER - Managing Director,
AVL List GmbH, Austria, a evidentiat preocuprile si realizarile compa-
niei sale in domeniul dezvoltirii solutiilor aplicabile pentru determinarea
emisiilor poluante pe timpul
deplasirii autovehiculelor,
solutii necesare in cadrul proce-
durilor de certificare a autovehi-
culelor de diverse tipuri potrivit
reglementarilor Uniunii Euro-
pene. S-a evidentiat faptul ci
»AVL M.OVE. is <RDE ready>,
prezentarea solutiei tehnice fiind
previzionata pe termen scurt.
Prof. univ. dr. ing. Cornel STAN
— Director stiintific la Research
and Technology Association
din cadrul West Saxon Univer-
sity din Zwickau - Germania, a
prezentat in continuare lucrarea
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Universitatea
TRANSILYANIA
din Brasov

»Auto-Mobility of the Future — Development of Functions and Tech-
niques” accentudnd provocirile ce stau in fata specialistilor in prezent si
pe termen mediu in privinta ingineriei autovehiculelor viitorului, cu struc-
tura si functiunile lor, pornind de la autovehiculul autonom §i continuand
cu abilitatea de conectare la elementele autovehiculului sau mediului,
module cu sisteme de propulsie alternative, surse de energie pentru auto-
vehicule etc. Remarcand aspectele globalizarii in dezvoltarea si fabricarea
de autovehicule, avind in vedere existenta in prezent pe Terra a peste 1,18
miliarde automobile la peste 7,3 miliarde oameni si cresterea semnifica-
tiva a acestor cifre, se poate constata ci diferentele geografice, economice
si culturale vor impune autovehiculelor viitorului caracteristici necesare
utilizdrii in diverse conditii:
de la teren greu si cii de rulare
neamenajate, pana la marile si
aglomeratele orage ale lumii.

Si  lucrarea  ,Performance
Evaluation and Modeling of
Pneumatic Tires on Soft Soil
and Icy Roads” prezentata de
prof. dr. ing. Corina SANDU
de la Virginia Tech University
— SUA s-a bucurat de toata
atentia audientei, constituind
o trecere in revista a provoca-
rilor determinate de cerintele
de mobilitate si performanta

pentru autovehiculelor

: - Reactivaread
1a informaticade
i multe cursuri post un

utilizate in conditii speciale — cum ar fi solurile moi/deformabile sau pe
zapadi, noroi sau nisip — atit autonome, cét si clasice. Incercirile necesare
sunt executate in cadrul laboratoarelor universitatii, dar si in teren. Mode-
larea pneurilor si simularea rularii in diverse conditii si pe cai de rulare
diferite asigurd o analizi temeinica a propulsiei §i franrii pe ciile de rulare
mentionate.

Lucrarile pe sectiuni au fost prezentate intr-un cadru special, elegant si
multifunctional asigurat de Centrul de conferinte al Universititii ,Tran-
silvania” din Bragowv.

Dupa lansarea invitatiilor de participare la congres, au fost primite 234 de
propuneri (rezumate), din care 186 au fost admise pentru etapa de peer-
review, fiind in final acceptate
pentru prezentare si publicare
147 de lucrari. Dintre acestea,
116 au fost sustinute in cadrul
sectiunilor tehnice organizate
in cadrul congresului. Pentru
primirea si evaluarea lucrarilor
a fost utilizata o platforma
modernid de management al

conferintelor  (http://www.
conat.ro).
Lucririle  prezentate  in

congres au fost publicate in
doud volume de catre Editura
Springer si un volum de
Editura

catre Universitatii

7



Ingineria automobilului Nr. 41 / decembrie 2016

Transilvania.

La lucririle Congresului au participat cadre didactice universitare, cerce-
tatori si specialisti din domeniul ingineriei autovehiculelor si transportu-
rilor rutiere din Austria, Canada, Coreea, Franta, Germania, Grecia, Irak,
Israel, India, Italia, Liban, Maroc, Republica Moldova, Polonia, Spania,
SUA si din Roménia.

Congresul a prilejuit atit prezentarea rezultatelor activitatilor de cercetare
desfisurate, cét si schimburi de opinii pe diverse teme de interes.

S-a organizat si o sectiune speciald dedicata prezentarii activitatilor de
cercetare executate de catre studenti in domeniul ingineriei autovehi-
culelor. Schaeffler AG a acordat premii de excelenti tinerilor cercetatori
remarcati pentru rezultatele deosebite obtinute in activitatea lor.

In cadrul work-shop-ului ,Colaborarea in industria orizontali de auto-
moderat de prof. Peter PLEUS — CEO Schaeffler AG,
participantii au dezbatut probleme specifice ingineriei autovehiculelor.

vehicule” —

Organizarea unor sesiuni tehnice
speciale a permis prezentarea unor
aplicatii software §i sisteme complexe
de testare a autovehiculelor - ,Portable
Emissions Measuring System (PEMS)”
- HORIBA OBS-ONE, CAD/CAM/
CAE/PLM Solutions for Universities
and Research Institutes — INAS S.A.,
Products Company Presentations -
Beta CAE, sau intlniri cu studentii
participanti §i prezentiri de solutii si
produse — Renault Romania.

Pe durata congresului, s-au organizat

8

vizite tehnice la Schaeffler si Continental, iar 8 firme cu activitati de profil
si-au prezentat produsele in spatiul expozitional special destinat.
Desfagurarea in paralel cu lucrarile Congresului CONAT 2016 a fazei pe
tard a celei de a treia editii a Concursului national studentesc de inginerie
a autovehiculelor ,Prof. univ. ing. Constantin GHIULAI” cu partici-
parea studentilor reprezentind opt universititi din Romania si Republica
Moldova, castigitori ai fazelor locale, a contribuit din plin la construirea
in randul participantilor a unei imagini optimiste, pline de incredere in
viitorul ingineriei autovehiculelor in Roménia.

Participantii la lucrarile Congresului International de Inginerie a Autove-
hiculelor §i Transporturilor Rutiere - CONAT 2016 au beneficiat, prin
stradania organizatorilor, de un program social deosebit care a inclus
momente de exceptie sustinute de Corul de camera ASTRA - dirijor Ioan
OARCEA, Valentin MURESAN (pian) si Valentin SERBAN (vioari),
Botond SZOCS (pian), Midilina BOURCEANU (voce) si Ovidiu
MEZEI (pian), precum si concertul de
orga de la Biserica Neagra.

Pentru toti participantii, Congresul
International de Inginerie a Autove-
hiculelor si Transporturilor Rutiere
— CONAT 2016 ramane o amintire de
referintd in multiple planuri, rezultat a
eforturilor intense ale organizatorilor,
carora le adresam felicitari si cele mai
calde multumiri!

Prof. dr. ing. Minu MITREA
Secretar General SIAR
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EXPERIMENTAL AND NUMERIGAL STUDY

ON ENERGY ABSORPTION CHARAGTERISTICS OF MILD STEEL
AND ALUMINIUM SQUARE TUBES UNDER AXIAL LOADING
STUDII EXPERIMENTALE $1 NUMERICE ASUPRA CARACTERISTICILOR

ABSORBTIEI ENERGIEI DE CATRE UN TUB PATRAT DIN OTEL
$1 ALUMINIU SUB INCARCARE AXIALA

REZUMAT

Tuburile de absorbtie a energiei sunt foarte utilizate in realizarea diverselor compo-
nente ale autovehiculelor pentru a absorbi energia produsd in timpul unei coliziuni
frontale. Studierea acestor are in vedere diferite sectiuni transversale, materiale si
conditii de exploatare. Prin deformare, aceste tuburi absorb energia produsd pe
durata coliziunii.

In lucrare, caracteristicile de absorbtie a energiei de tuburi patrate sunt studiate

1. INTRODUCTION
= I, Light weight design of automo-
Nakka Venkata bile vehicle has become a priority
Swamy KALYAN d f . .
now-a-days, for increasing the
environment  friendly  nature,
4 g fuel efficiency and other modern
Bedadhala vehicular requirements and also for
Bharadwaja REDDY L -,
achieving impact or collision safety
% requirements so as to reduce the
Qy Conf. dr.ing. damage during accidents involved
i":‘, Lakshmi Annamalai with automobile vehicles. Most
. KUMARASWAMIDHAS i .
accidents are due to head-on colli-
o i sions of vehicles and which forces
| Dipen Kumar for design of light weight, high
- RAJAK

= dipenpukaragmailcom energy absorbing and eflicient

crash boxes/energy absorbers, for

Indian School of Mines, Dhanbad-826004 JH, INDIA absorbing full or part of impact

energy, produced during the colli-

sion, by their deformation. Gener-
ally, Crash box is located in between the bumper and the side rails,
protecting the automobile vehicle components and people, by absorbing
the impact energy and reducing the plastic flow of stress levels to the auto-
mobile vehicle frame [1]. Many cross-sections like rectangular, hexagonal
and octahedral cross-sections are used for tubes for crash box applications
[2] and the performance of the crash box for crashworthiness is gener-
ally carried out on the basis of Research Council for Automobile Repairs
(RCAR) regulations [3].
Many researches, experimental and numerical investigations, were
conducted on different cross-sections of tubes, materials of tubes, dimen-
sions of tubes and testing at different strain rates, namely quasi-static and
dynamic strain rates [4-12]. El-Hage at al. [13] from his research work
suggested a taper at the end of the square tubes for controlling the fold
initiation load and maintaining the stability of crushing mechanism, by
without altering the mean crushing force. Zarei and Kroger [14] deter-
mined that if the length of the tube is more than a critical length, the

pentru doud tipuri de materiale diferite, si anume ofel si aluminiu, sub o incdrcare
de compresiune axiald.

Rezultatele testului de compresie au fost utilizate pentru simularea in ABAQUS
6.13 in scopul intelegerii caracteristicilor de deformatie si pentru validarea rezul-
tatelor experimentale.

Key-Words: Mild steel tubes, Aluminium tubes, Energy Absorption, Axial load,
Numerical analysis

deformation that takes place is a global Euler buckling and it is a poor
energy absorber characteristic and also should be avoided and necessary
optimal design of energy absorbers should be maintained. Gupta [15]
performed numerical and experimental investigations on crashworthi-
ness of circular tubes of varying geometrical dimensions, under dynamic
and quasi-static loadings and inferred that the energy absorption during
dynamic loading is almost 1.56- 12.3% times that of quasi-static loading
results and also stated that the energy absorption characteristics are
enhanced by increasing the thickness and diameter of the tubes. Gameiro
and Cirne [16] inferred that the circular tubes under uniaxial loading
provide almost a uniform operating load and are most common in crash
box applications. Zarei and Kroger [1] inferred that the circular tubes
are commonly used and better energy absorbing elements due to their
efficiency and light weight attribute under axial loading. Yuen et al. [17]
studied the energy absorption characteristics of both circular and square
tubes and inferred that the circular tubes are a showing better crash-
worthiness than square tubes and are most the efficient ones. Hosseini
et al. [18] developed a mathematical model for studying the axisym-
metric crushing of frusta under axial loading and from the results, it was
inferred that the experimental and numerical results are in better agree-
ment and is due to the consideration of compressive strength more than
the tensile strength of the material. Nia and Hamedani [19] performed
experimental and numerical investigations on energy absorption char-
acteristics of various cross-sectioned tubes and inferred that the energy
absorption characteristics were less for the low edged polygon i.e. trian-
gular cross-section and the circular cross-section tubes have high specific
energy absorption. Ahmad et al. [20] examined both experimentally and
numerically, the crushing behavior and energy absorption characteristics
of empty and foam filled conical tubes under impact loading and found
that the thickness and semi-apical angle of the tube have great influence
on the mean load and energy absorption characteristics of both empty
and foam filled tubes and the mean load and energy absorption charac-
teristics decrease as the impact angle is increased. Ghamarian et al. [21]
investigated on the compression characteristics of end capped conical
tubes under quasi-static loading, both experimentally and numerically

9
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and reported that the specific energy absorption of empty circular tubes
is 18.4% lesser than that of the empty conical tubes. Li et al. [22] studied
the compression behaviour of empty, foam-filled single and foam-filled
double circular tubes under uniaxial and oblique loading and determined
that the few new deformation mechanisms namely, spiral fold, irregular
extension fold and diamond deformation mechanisms, and found that the
specific energy absorption of foam-filled double circular tubes is higher
than that of empty tubes and the specific energy absorption of foam-filled
single circular tubes is lesser than that of the empty tubes for the current
loading conditions. Mirzaei et al. [23] studied experimentally and analyti-
cally regarding the crushing behaviour of circular hybrid tubes under
axial loading, both static and dynamic conditions and developed a math-
ematical model for determining the mean crushing force and fold length
of the tubes and found that the energy absorption of the hybrid tubes is
higher for dynamic loading and the results were in good agreement with
each other. Kim et al. [24] prepared an Al SHS beam, reinforced with
CFRP composites for enhancing its stiffness and crashworthiness and
under axial impact loading, it was inferred that the crashworthiness
is enhanced by increment in the thickness of the CFRP composites.
Goel M. D. [25] performed numerical simulations for determining the
energy absorption and crushing characteristics of bi-tubular and tri-
tubular circular and square empty and foam filled tubes and compared
these results with single empty and foam filled circular and square
tubes. The results indicated that the bi-tubular and tri-tubular circular
and square empty tubes have enhanced energy absorption characteris-
tics and these characteristics are more enhanced when they are foam
filled. The comparison of results of circular and square tubes, for same
configurations, showed that the energy absorption characteristics are
higher for circular tubes. Mohsenizadeh et al. [26] performed experi-
mental and numerical study on comparison of crash response and
energy absorption characteristics for empty, conventional foam filled
and auxetic foam filled square tubes, under quasi-static axial loading.
He inferred that according to the obtained results auxetic foam filled
tubes have higher energy absorption, greater mean crushing force and
crush force efficiency when compared to empty and conventional foam
filled square tubes. Kiligaslan [27] prepared numerical models for stud-
ying the dynamic crush behaviour of empty corrugated and aluminium
foam-filled corrugated single and bi-tubular tubes. The results inferred
that the foam-filled corrugated tubes have progressive and controlled
deformation mode and decreased peak force. It was found that the
specific energy absorption was decreased as the corrugated surfaces
were introduced and highest specific energy values are found for foam-
filled bi-tubular corrugated tubes of higher lengths and also it increases
increasing inner radius and wall thickness. And also the crush force
efficiency was increased for foam-filled single corrugated tubes and is
decreased for foam-filled bi-tubular corrugated tubes. Rajak et al. [28]
performed experimental comparative investigations on empty and
foam filled aluminium tubes and inferred that foams a good energy
absorption enhancing agents and the energy absorption of foam filled
tubes is higher than that of the empty tubes. Rajak et al. [29] studied
the energy absorption characteristics of various foam filled mild steel
tubes under compressive loading and inferred that the foam filling
enhanced the energy absorption capacity of the tubes by many folds
and low density foam has maximum energy absorption capacity. Gao
et al. [30] simulated and studied the energy absorption properties at
oblique loading of a novel foam filled ellipse tube (FET) and compared
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(a)

Fig. 1. (a) Dimensions of both tubes (b) Mild steel tube (c) Aluminium tube

the results with other different cross-sectioned empty and foam filled
tubes and also performed experimental investigation and compared the
results with the results of numerical simulation. The results inferred that
the energy absorption capacity and specific energy absorption of FET
is higher than other different cross-sectioned empty and foam filled
tubes. A multi objective design (MOD) is conducted on the FET for
maximising specific energy absorption at oblique angle and minimising
peak crushing force in axial direction simultaneously, varying wall thick-
ness, density of foam and radial rate at different impact angles and on
comparing the results with the experimental results, it was found that the
specific energy absorption at oblique angle is increasing and with simulta-
neous decrease in peak crushing force in axial direction.

The work included in this paper, is a comparative study of energy absorp-
tion characteristics of mild steel and aluminium square cross-sectioned
tubes under uniaxial compressive loading and also validated the results of
the compression test with numerical analysis in ABAQUS 6.13.

2. MATERIAL SELECTION

2.1. Mild steel for tubes

Commercially available steels are generally low and high alloy steels, of which
mild steel is basically a term used to indicate low-carbon steel of low alloy steel,
which consists carbon by <0.25 wt% [31]. Mild steel is generally produced in
high quantities according to its usage and is cheaper of all the steels. These are
basically a good weldable and machinable materials and require cold working
for enhancing strength. The mild steel used as the compression test specimen
is an AISI 1010 plain low carbon steel (UNS G10100).

2.2. Al alloy for tubes

Commercially available Al alloys are classified into many series like 1xxx,
2xxx, 3xxx, Sxxx, 6xx%, 7xxx & 8xxx series, by the Aluminium Association
[32]. 1xxx series alloys contains >99.8% Al as constituent and are mostly
confined to high corrosion resistant or ductile applications and sometimes
are used for cladding applications also. 2xxx series alloys are generally Al-Cu
systems with high solubility and strength and are used in applications where
strength is beyond SO0MPa. 3xxx series alloys are high formable which are
available as thin sheets and used as common commodity. Sxxx series alloys
are Al-Mg systems containing Mg <6% and are usually used in corrosion
and structural applications of marine. 6xxx series alloys are predominantly
Al-Mg-Si systems which are used as structural materials, corrosion resist-
ances and automobile applications and are basically weldable materials.
7xxx and 8xxx series alloys are generally Al-Zn-Mg and Al-Cu-Li systems
respectively which are used in high strength and light weight aerospace and
aeronautical applications [33]. The alloy material used for the square Al
tubes as compression test specimens is Al 6061 alloy.
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Table 1. Densities of the test specimen materials

of 0.01 and 0.1 s*'. The

specimen s

placed

Material  Strain rate (s’) Weight(g) Volume (mm°)  Column density (gmm~) between the cross heads
of the loading unit and

001 ggggg? gg}gi;? compressive  load is

. 93 1010 0.010745 applied on the speci-
Mild steel 23.2078 0.010794 mens, for both mild
0.1 23.7880 0.011064 steel and  aluminium.

24.5262 2150 0.011408 The compression test

8.1920 0.003810 is performed on three

N 0.01 ggggg ggggggg samples per each strain
Aluminium 79857 0.003714 rate, for both mild steel
0.1 8.2054 0.003816 and aluminium tubes.

8.4112 0.003912 The compressive behav-
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Fig. 2. (a)EDX analysis of AISI 1010 carbon steel (b) EDX analysis of Al
6061 alloy

2.3. Sample preparation

Square tubes of outer side 22 mm, thickness 0.5 mm and height S0 mm
of both mild steel and aluminium are prepared for the compression test.
The materials used for the test are mentioned above and the tubes are
seamless tubes i.e. they are not welded, and are manufactured by extru-
sion process. These test specimens for the compression test, both mild
steel and aluminium, are supplied by the Sadhana-Parwati Metal Pvt. Ltd.
Dhanbad. The geometry and the compression test specimens i.e. square
mild steel and aluminium tubes are shown in the figure 1.

3. EXPERIMENTAL SETUP

3.1. Compression test

The square tubes of mild steel and aluminium are subjected to compres-
sion loading in Universal Test Machine (Instron-8801) at strain rates

5
N

ORGP,
6

Date 27 Apr 2016
Time :11:38:26

Signal A= SE2

WD = 10.2mm Mag= 385X

Fig. 3. Micrograph of (a) AISI 1010 carbon steel and (b) Al 6061 alloy

iour and energy absorp-

tion characteristics of the
square tubes of mild steel and aluminium are determined at IIT (ISM)
laboratory. Using experimental compression data, numerical simulation
is performed in for validating the results in ABAQUS 6.13 at Advanced
Research Laboratory, IIT (ISM).
3.2. Density measurement
The densities of AISI 1010 carbon steel and Al 6061 alloy are determined
using the data obtained by the measurements of weight and volume. The
calculations of density show that the density of AISI 1010 carbon steel lies
between 0.010745 and 0.011408 gmm™ and density of Al 6061 alloy lies
between 0.003714 and 0.003966 gmm™. The density calculations if the
AIST 1010 carbon steel and Al 6061 alloy are tabulated in table 1.
3.3. Energy Dispersive X-Ray (EDX) test
The test specimens of both mild steel and aluminium are characterized for
determining their chemical composition and the Energy Dispersive X-Ray
(EDX) test is performed on the test specimens at Center for Research, II'T
(ISM). The results of EDX tests infer that the composition of Mild steel is
99.36 wt% Fe, 0.11 wt% C, 0.47 wt% Mn, 0.031wt% P and 0.029 wt% S
and figure 2 (a) shows the EDX report of AISI 1010 carbon steel and the
composition of Al 6061 alloy is 92.03 wt% Al, 0.52 wt % Mg, 1.6 wt% O
and 5.84 wt% Cu and figure 2(b) shows the EDX report of Al 6061 alloy.
3.4. Micro-structure characterisation

The micro-structure of the test specimens of both mild steel and

Signal A= SE2
Mag= 430X

Date :27 Apr 2016
Time :11:48:22

WD=128mm

1"
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Fig. 4. Experimental stress-strain curves of mild steel tubes Fig. 5. Experimental stress-strain curves of aluminium alloy tubes
Table 2. Energy absorption data of mild steel tubes
Strain Plateau Stress Densification Specific Energy Volume Total Energy
rate (MPa) strain (MJm®) (mm’) ()
0.01 24 1.92 4.128
0.8 2150
0.1 3.2 2.56 5.504
Table 3. Energy absorption data of aluminium tubes
Strain Plateau Stress Densification Specific Energy = Volume Total Energy

rate (MPa) strain

(MJIm™) (mm°) (J)

0.01 6.6
0.1 6.0

aluminium are studied, under Field Emission Scanning Electron Micro-

0.8

scope (FESEM), for understanding the structure of surface and voids
on the surface. The test specimens are polished with Keller’s reagent by
means of the standard metallography. The micro-structure characteriza-
tion is performed using SEM (Model: ZEISS, SPURA 55, Germany) at
Center for Research, IIT (ISM), using Mean Intercept Length Method
(MILM). The micrographs of mild steel and aluminium alloy, produced
after the micro-structure analysis by SEM are shown in figure 3 (a) and
figure 3 (b) respectively.

3.5. Numerical analysis

Using the data of the compression test of the mild steel and aluminium
specimens, numerical analysis of the compression test is simulated in
ABAQUS 6.13, for both mild steel and aluminium specimens, by applying
the loads and constraints [34].

4. RESULTS AND DISCUSSION

4.1. Compression and energy absorption characteristics

The compressive and energy absorption characteristics of the tubes are
highly dependent on the deformation mechanism, strain rate and effects
of inertia. The strain rate of the loading conditions is highly influential on
the performance of the tubes as they alter the performance and deforma-
tion characteristics of the tubes. Depending on the strain rate, the loading
conditions are only two kinds, namely quasi-static and dynamic loads.
In quasi-static loading, force applied on the samples is almost constant

and the effects of inertia are also very low and in dynamic loading, the

12

5.28 11.352
4.8 10.320

deformation mechanism is different from that of the quasi-static one

2150

because of the effects of inertia. The deformation of tubes subjected to
quasi-static loading happens with the formation of folds which propagates
into crushing or buckling of the tubes and this is observed in both the
mild steel and aluminium tubes, both experimentally and in simulation.
The compression characteristics of the tubes also depend on the effects of
strain rate on the particular tube material and it is clear between the mild
steel and aluminium tubes, as the plastic flow of mild steel and aluminium
are highly influenced by the strain rate and show their difference in
operation at different strain rates. The energy absorption characteristics
are mainly characterised by specific energy absorption and total energy
absorption of the tubes. The specific energy absorption capacity, SE per
volume of the tubes for a plateau stress o, (dependent on strain) and strain
¢ is determined by,

SEm fﬁ.n W

and total energy absorption capacity, E,. of tube of volume V constituted
by many small volumes dV is determined by,

"f'”.c'”"" v @)

The energy absorption characteristics, i.e. specific energy absorption
and total energy absorption, deformation mechanism and compression
behavior of both mild steel and aluminium tubes at both strain rates are
determined and performance issues of both mild steel and aluminium
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Fig. 6. Stages of deformation of mild steel tube (a) experiment and (b)
simulation

tubes due to strain rate sensitivity of tube materials is explained in the
following sections.

4.2. Compression test

The stress-strain data of three samples per each strain rate for both mild
steel and aluminium are obtained from the compression test performed
on the test specimens. Among these data collected, for each strain rate of
both mild steel and aluminium, maximum performance data is opted for
studying the compressive and energy absorption properties of mild steel
and aluminium tubes.

4.2.1. Mild steel tubes

As mentioned above, three samples were tested for each strain rate of
loading and the stress-strain data of the three samples for each strain rate
is collected. Among the three stress-strain data collected for each strain
rate, the maximum is opted and the stress-strain curve for that data at
that particular strain rate is plotted. The densification strain for the stress-
strain curve is taken as 0.8 and the stress-strain curves of maximum data
of the mild steel tubes is shown in figure 4. The energy absorption charac-
teristics of the mild steel tubes at both the strain rates is tabulated in the
table 2. It is observed that the stress-strain curve of 0.01 s strain rate is
completely a skew with uneven plateau stress and the stress-strain curve
of 0.1 s strain rate is better than the 0.01 s™ curve with almost constant
plateau stress. The plateau stress of the tubes at strain rate 0.01 and 0.1 s™
is 2.4 and 3.2 MPa respectively. The specific energy absorption and total
energy absorption at strain rates 0.01 and 0.1 s are 1.92 and 2.56 MJmm?
and 4.128 and 5.504 J respectively. It is clear that the specific energy
absorption and total energy absorption is maximum at the strain rate 0.1
s and it can be stated that the mild steel tubes show better performance
at 0.1 s™* strain rate.

4.2.2. Aluminium alloy tubes

The stress-strain data of three samples at each strain rate is collected,
similar to mild steel tubes, for the aluminium alloy tubes and the maximum
data among the three for each strain rate is opted and stress-strain curve
and energy absorption characteristics were determined for both the strain
rates. Similar to mild steel tubes, the densification strain is taken as 0.8
and stress-strain curves for the aluminium alloy tubes are as shown in
figure 5 and the energy absorption characteristics of the aluminium alloy

Fig. 7. Stages of deformation of aluminium tube (a) experiment and (b)
simulation

tubes is tabulated in table 3. The stress-strain curves of aluminium tubes at
both the strain rates is skew and distorted with uneven plateau stress and
the pattern of the curve is almost similar with a small distance between
each other. The plateau stress obtained from the stress-strain curves for
strain rates 0.01 and 0.1 s are 6.6 and 6.0 MPa respectively. The specific
energy absorption and total energy absorption of the aluminium tubes
at the strain rates 0.01 and 0.1 s are 5.28 and 4.8 MJmm™ and 11.352
and10.320 J respectively. The maximum energy absorption capacity for
aluminium tubes is found at 0.01 s strain rate and can be stated that the
performance of aluminium alloy tubes is better at 0.01 s™.

4.3. Simulation results

The numerical analysis of the compression test in ABAQUS 6.13 is
adopted for both mild steel and aluminium tubes, for studying their
compression behaviour and deformation characteristics. The results of
the simulation helped in better understanding the mechanism of defor-
mation of both the mild steel and aluminium tubes. The simulation is
performed for the maximum data that is opted for studying the energy
absorption characteristics of mild steel and aluminium tubes. The results
clearly show the stress transfer in both tubes during the compression
process taking place.

4.3.1. Mild steel tubes

The maximum stress during initial stages of the compression is observed,
as usually at the top of the tube, where the force is applied by the machine.
The maximum stress then, after slight deformation, is transferred to the
lower region of the force applied area and again shifts to the top where
force is applied. After this, the maximum stress remains at the top of the
tube and the folding of the tube faces takes place till the compression
is performed with maximum stress at the top (force applied area). The
stress-strain data obtained by the simulation results is near to the experi-
mental results and the curve is almost similar to the experimental one.
The stages of deformation of the mild steel tube in the experiment and in
the simulation are clearly shown in the figure 6. The folding of the tube
faces in the simulation is similar to that of the compression test specimen
ones.

4.3.2. Aluminium tubes

The maximum stress at the initial stages of compression is observed at the
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top of the tube, where force is applied, similar to the above case and unlike
in the case of mild steel tubes, the maximum stress is always at the top of
the tube and does not shift to the lower regions of the force applied area.
This phenomenon is continued, similarly as above, till the compression
test is performed. The results of the simulation and the compression test
are in good agreement with each other and folding mechanism are also
similar in both simulation and compression test. The stages of deforma-
tion in both simulation and compression test are shown in the figure 7.

5. CONCLUSION

A comparative study on energy absorption characteristics of square cross-
sectioned mild steel and aluminium tubes is performed and the deforma-
tion mechanism is studied and validated with the results of numerical
analysis performed in ABAQUS 6.13.

The following are the conclusions made from the current study:

e The density of the AISI 1010 carbon steel used for test lies between
0.01074S and 0.011408 gmm™ and Al 6061 alloys lies between 0.003714
and 0.003966 gmm 3,

e The EDX tests on the AISI 1010 carbon steel shows that the Fe
content is 99.36 wt% and C content is 0.11 wt% and for Al 6061 alloy
shows that the Al content is 92.03 wt%.
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PRACTICA UTILIZARII COMBUSTIBILILOR ALTERNATIVI
LA AUTOVEHICULE $1 IMPACGTUL ASUPRA MEDIULUI

PRACTICAL USE OF ALTERNATIVE FUELS IN MOTOR VEHIGLES

AND ENVIRONMENTAL IMPACGT

ABSTRACT

This paper describes the results of experimental research on the ecologic performance
of compression ignition engine fueled with alternative fuels (diesel, biodiesel mixed
with diesel, pure biodiesel and pure rapeseed oil).
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de producere are loc in perioade

de timp comparabile cu cele de
consum, se poate observa ci
intr-un clasament al eficientei pe

primele locuri se afla energiile

eoliana si hidraulica.
Biomasa - componenta vegetala a

naturii si, totodata, cale de pastrare
a energiei solare in forma chimici, poate fi considerata drept una dintre
cele mai populare resurse de pe Pamant.
Combustibilul obtinut din biomasa are o gami largi de utilizare, ince-
pand de la incilzirea incaperilor pana la producerea energiei electrice si
a combustibililor alternativi (biocombustibili) la alimentarea autovehicu-
lelor [1].
Pentru Moldova, tard care nu detine ziciminte de origine biogena
(cirbune, gaze naturale, petrol), utilizarea biomasei in calitate de biocom-
bustibil la alimentarea motoarelor autovehiculelor si substituirea combus-
tibililor clasici poate fi o solutie de viitor. Un alt motiv pentru substituirea
combustibililor petrolieri ar fi pretul petrolului care poate varia in limite
largi influentand astfel puternic costurile de utilizare a autovehiculelor.
Obtinerea combustibililor alternativi permite inlocuirea combustibi-
lului conventionali, fosili, cu combustibili obtinuti din surse regenerabile
printre care se numara si biocombustibilului.
Biocombustibilului se obtine din lipide naturale (grisimi animaliere,
uleiuri vegetale - noi sau folosite) prin procese industriale de esterificare
si trans-esterificare. In Republica Moldova se utilizeazi mai des uleiurile
din rapita ca materie primi pentru obtinerea biocombustibilului, deoa-
rece culturilor oleaginoase au o dezvoltare importanti. In mare masur, la
baza obtinerii biocombustibilului din ulei de rapita sti experienta statelor
Uniunii Europene.
Cadrul legislativ al Republicii Moldova este format de “Legea energiei
regenerabile“ (nr. 160/2007) modificatd ulterior prin ,Legea privind
promovarea utilizrii energiei din surse regenerabile (nr. 10/2016) nece-
sard pentru aplicarea Directivei 2009/28/CE a Parlamentului European
si a Consiliului din 23 aprilie 2009 privind promovarea utilizarii energiei
din surse regenerabile, de modificare si ulterior de abrogare a Directivelor

Key-words: diesel fuel, exhaust gas, hydrocarbs, rapeseed oil, methyls, carbon mono-
xide, physical and chemical parameters

2001/77/CE i 2003/30/CE, publicati in Jurnalul Oficial al Uniunii Euro-
penenr. L 140 din S iunie 2009 [2]. Acest cadru este completat de ,Legea cu
privire la eficienta energetici” (nr. 142/2010) si Hotararea Guvernului nr.
1173/2010 privind crearea Agentiei pentru Eficienta Energetica - structura
responsabild pentru implementarea politicilor de stat in domeniul eficientei
energetice si a surselor de energie regenerabile [3].

Pentru a raspunde provocarilor existente in domeniul energetic si a
reduce dependenta de importuri, avand in vedere §i impactul sectorului
energetic asupra schimbarilor climaterice, a fost aprobat Programul
National pentru Eficientd Energetica pe anii 2011-2020 prin Hotaré4rea
Guvernului nr. 833/2011. In anul 2013 au fost aprobate Planul National
de actiuni in domeniul eficientei energetice pentru anii 2013-2015 (prin
HG nr.113/2013) si Planul National de actiuni in domeniul energjei din
surse regenerabile pentru anii 2013-2020 (HG nr.1073/2013) [4].
Obiectivele principale ale Programului National pentru Eficientd Energe-
tica pentru perioada 2011-2020 sunt:

- eficientizarea consumului global de energie primara cu 20%;

- cresterea ponderii energiei regenerabile pani la 20%;

- cresterea ponderii biocombustibililor pana la 10% din totalul combus-
tibililor utilizati;

- reducerea cu cel putin 25% a emisiilor de gaze cu efect de sera, compa-
rativ cu anul 1990.

Realizarea acestor obiective impune desfisurarea unui program complex
de producere si utilizare a biocombustibilului din ulei de rapita.

Emisiile poluante la arderea biocombustibilului sunt mult mai reduse
decit cele rezultate la arderea motorinei, exceptie ficind NOx ca urmare
a continutului de oxigen molecular in combustibilul vegetal. Biocom-
bustibilul nu produce fum dens i negru in comparatie cu motorina [5].
Arderea biocombustibilului este la fel ca cea a motorinei, insi nu contri-

o

buie la “efectul de serd” datoritd ciclului inchis de reciclare a uleiurilor
si gazelor rezultate in urma arderii, biocombustibilii fiind considerati
neutri din punct de vedere al efectului de sera. Se considera un combus-
tibil neutru atunci cind nu se produce un surplus de CO, in atmosferd
prin arderea lui. Biocombustibilii sunt neutri pentru ci la arderea lor se
elibereaza in atmosferi cantitatea echivalenti de bioxid de carbon care a
fost fixata prin fotosinteza de plante atunci cnd s-a produs materia prima
vegetali din care s-au obtinut ulterior biocombustibilii.

Cercetirile prezentate in lucrarea de fatd au avut ca obiectiv studierea
performantelor ecologice ale biocombustibililor:

® examinarea emisiilor totale in gazele de esapament ale motorului cu

aprindere prin comprimare, inclusiv hidrocarburi (CH), monoxidul

15



Ingineria automobilului Nr. 41 / decembrie 2016

Tabelul 1. Caracteristicile motorului utilizat pentru incercari
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toare” din Facultatea de Ingi-

100%

80%

6095

40941

2096

0%%

Motorind B2 BS50 B100 Uled de rapiti pur

B Viscozitatea cdinematich la 20 "C, cSt,
O Densitatea, gfom3

W Temperatura de inflamare, "C
0 Cenusa sulfonats, %

Fig.1. Caracteristicile de calitate ale combustibililor studiati
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Fig.2. Emisia de fum la functionarea motorului cu diferite tipuri de
combustibili

de carbon (CO), dioxidul de carbon (CO2) si emisiile de particule si
celelalte noxe rezultate din arderea combustibilului considerate drept
substante cancerigene;

o studierea emisiilor poluante pentru diferite sarcini si turatii ale motorului
in cazul folosirii succesiv drept combustibil a motorinei, biocombustibilului
in amestec cu motorina, a biocombustibilului pur si a uleiului de rapiti pur.
2. ECHIPAMENTE SIMETODE DE STUDIU

Incercarile s-au desfisurat in laboratoarele Departamentului ,Ingineria
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Nr. crt. Caracteristica Valoare nerie Agrard si Transport Auto
T Tip D-241L a Umver.suat,:u Agr'al're de Stat a
2 Racire cu lichid Moldovei. S-a utilizat standul
3. Capacitate cilindrica, cm® 4750 cu frind electrici KI 13638
4. Alezaj x cursa, (mm x mm) 110 x 125 GOSNITT (GOST 18509-88).
5. Numér de cilindri 4 in linie Motorul folosit pentru incer-
6. Ordinea injectiei 1-34-2 ciri este un motor diesel cu
7. Tipul'injectiei S— injectie directa injectie directa de tip D-241L.
8. Presiunea de injectie, MPa 17,5 Caracteristicile motorului sunt
9. Injectorul cu 4 orificii, diametrul orificiilor, mm 0,23-0,34 .

10. | Raport de comprimare 16,0 prezentate in tabelul 1.

1. Putere maxima, kW (CP) 51,54 (?0) Pe durata incercirilor pentru
12. Turatie la putere maxima, rpm 2100 studierea emisiile poluante
13. Cuplu maxim, Nm 270 ale motorului pentru diferite
14. Turatie la cuplu maxim, rpm 1400 sarcini si turatii s-au folosit
15. | Consumul specific de combustibil, g/kW h 252 drept combustibil: motorini

(STAS 305-82); amestecuri
de motorind cu biocombustibil in urmitoarele proportii 80/20 (b20),
50/50 (bS0), 25/75(b75); biocombustibil pur 0/100 (b100); ulei de
rapita pur. Incercirile pe stand s-au efectuat la diferite turatii si sarcini.
Turatiile arborelui cotit pentru fiecare incercare au fost 1000 i 2100 rot/
min; sarcinile motorului: 0; 25%; 50%; 75%; 86%.

Amestecurile de combustibili au fost preparate in proportii gravimetrice
dintr-un singur lot de referinta - biocombustibil §i motorina. Biocombus-
tibilul s-a obtinut prin tehnologia de trans-esterificare a uleiului de rapita
cu metanol si catalizator bazic [6].

Caracteristicile combustibililor studiati sunt prezentate in figura 1.
Analizand proprietitile fizico-chimice ale uleiului de rapits, care se
deosebesc esential de cele ale motorinei i ale amestecurilor de moto-
rind cu biocombustibil, vom constata ca principalul parametru care
caracterizeazd proprietitile de injectare a combustibilului este vascozi-
tatea acestuia. Cu cét valoarea acestuia este mai mare cu atit mai mult se
inrautateste finetea pulverizarii si ca urmare calitatea arderii uleiului de
rapitd in motor. O modalitate de reducere a véscozititii uleiurilor poate
fi amestecarea acestora cu motorind. O altd modalitate presupune incal-
zirea combustibilului. Pentru realizarea experimentelor s-a proiectat si
s-a fabricat un incalzitor electric de tip automat pentru incilzirea uleiului
de rapiti inainte de injectarea lui in motor (in intervalul de temperaturi
750°C - 800°C). Misurarea emisiilor poluante necesiti monitorizarea
concomitenta a emisiilor gazoase si de particule. Gazele de esapament au
fost analizate privind continutul de hidrocarburi, CO, CO, si emisia de
fum cu un analizor CARTEC CET-2000 conform SAE J 1003.
3.REZULTATE SI COMENTARII

Examinarea emisiile totale din gazele de esapament ale motorului
cu aprindere prin comprimare alimentat cu combustibili alternativi
obtinuti din uleiurile vegetale si derivatelor acestora ofera informatii
privind performantele ecologiceale acestora. Rezultatele cercetirilor
experimentale efectuate evidentiazi performantele ecologice ale moto-
rului cu injectie directa D-241L alimentat cu diverse tipuri de combus-
tibil. Dupd cum s-a mentionat in [7], la incilzirea uleiurilor sau grasi-
milor se formeaza compusi volatili ca aldehide si cetoni. La incercirile
pe stand ale motorului alimentat cu ulei de rapita si cu amestecuri de
motorina si biocombustibil se simte un miros specific de ardere a grisi-
milor, care se explici prin prezenta aldehidelor nesaturate (acroleina).
In cazul functionirii sub limita stoichiometrici (pina la $50%)
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motoarele Diesel emit un continut foarte mic (sau deloc) de monoxid
de carbon fapt ce se datoreaza functionarii acestuia in limita emisiei
de fum negru (particule de carbon nearse). Aparitia fumului negru la
functionarea motoarelor cu ardere interna descrie un amestec bogat,
adica un continut redus de oxigen, deci poluare intensi. Emisia este
formata dintr-o dispersie de particule de carbon de dimensiuni variate
de o mare instabilitate. Rezultatele obtinute (figura 2) releva faptul ca,
o datd cu modificarea turatiilor motorului, emisia de fum (transparenta
gazelor de evacuare) se schimbd neesential si variaza in limitele 80-85%
si 83-84% la turatiile de 1000 rot/min si, respectiv, 2100 rot/min. Tipul
de combustibil nu influenteaza esential emisiile de fum ale motorului.
Emisia de CO, nu se clasificd drept emisie poluanti nocivi, insa favori-
zeazd ,efectul de serd” descris ca un proces natural prin care atmosfera
terestra retine o parte a energiei trimisa de Soare spre Terra. Concen-
tratia CO, in gazele de esapament depinde de regimul de functionare a
motorului i este direct proportionald cu consumul de combustibil care
caracterizeazd sarcina motorului (ﬁgura 3). Odata cu cresterea sarcinii
motorului de la 0 pana la 86%, pentru toate varietatile de combustibil
studiate, emisia CO, creste de 3,0-3,5 ori. O crestere mai importanta
s-a inregistrat la functionarea motorului cu ulei de rapita pur. Orice
micgorare a nivelului emisiei CO, este legatad de micsorarea consumului
de combustibil (a sarcinii motorului). Biocombustibilul pur asiguri o
scadere a emisiei de CO, de 1,88 ori in comparatie cu motorina pani la
sarcina motorului de 50%.

Emisia de CO care se formeazi la arderea incompletd a amestecului de
carburant in camera de ardere a motorului odati cu cresterea sarcinii se
micsoreaza. La o sarcini a motorului de 75% emisia de CO se micgo-
reazd de 3 - 3,5 ori in comparatie cu mersul in gol, fapt datorat arderii mai
complete a amestecului carburant (figura 4).

La functionarea motorului cu ulei de rapiti pur concentratia de CO este
mai mare, ceea ce caracterizeaza procesul de ardere incomplet a ameste-
cului carburant (ulei de rapita — aer). Biocombustibilul si amestecurile de
motorind cu biocombustibil asigurid o micsorare a emisiei de CO pana
la sarcina motorului de 75%. La sarcina motorului mai mare de 75% se
simte o crestere a concentratiei de CO in gazele de esapament. Odata
cu cresterea debitului de combustibil, se inrdutateste procesul de ardere.
Emisia de C H , in general, depinde de tipul de combustibil si modali-
tatea desfaguririi procesului de ardere a combustibilului in camera de
ardere a motorului.

Datele prezentate in figura S ne demonstreazi ci biocombustibilul pur
arde mai complet in comparatie cu alte tipuri de combustibil studiate si
asigura o deminuare a emisiei de hidrocarburi la sarcina de 75% de 1,11
ori in comparatie cu motorina.

4. CONCLUZII

- Proprietitile fizico-chimice ale uleiului de rapita se deosebesc esential de
proprietatile motorinei si amestecurilor studiate de motorini cu biocom-
bustibil - in primul rdnd, prin viscozitatea mai mare care determini finetea
pulverizirii si calitatea arderii ulejului in motor;

- Datele experimentale confirma ci uleiul de rapita nu se recomanda a fi folosit
timp indelungat in motoarele cu injectie directd, deoarece nu arde complet;

- Pentru utilizarea uleiului de rapiti drept combustibil pentru motoarele
diesel cu injectie directd sunt necesare unele modificari constructive;

- Emisia de fum practic a fost similard pentru toate varietatile de combus-
tibil studiate in regimurile de turatie de 1000 rot/min si 2100 rot/min;

- La functionarea motorului cu ulei de rapita pur faza gazoasi a emisiilor este
mai mare in comparatie cu alte tipuri de combustibil, ceea ce caracterizeazi o

inrautitire a procesului de ardere a amestecului carburant (ulei de rapiti — aer);
- Biocombustibilul si amestecurile de motorina cu biocombustibil asigura
o micsorare a emisiilor de CO i CH in gazele de esapament pana la
sarcina motorului de 75%.

8
7
== Motorini
6
5 = Motorina 80%
i ¢ Biocombustibil 20%
g 4 Motorind 50%4
i Biccombustibil 50%%
2 3 Motorina 25%
2 Biocombustibil 75%
== Biocombustibil 100%4
1
=@ Ulei de rapiti
0

0 25 50 75 86

Sarcina motorului, Pe%

Fig. 3. Emisia de CO2 in gazele de esapament in dependenti de sarcina
motorului
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ABOUT THE CONSTRUCTIVE AND FUNGTIONAL
PARTIGULARITIES OF SPARK IGNITION ENGINES
WITH GASOLINE DIRECT INJECTION

ASUPRA PARTICULARITATILOR CONSTRUCTIVE $1 FUNGTIONALE
ALE MOTOARELOR CU APRINDERE PRIN SCANTEIE

CU INJECTIE DIREGTA DE BENZINA

ABSTRACT

The paper aims to analyze and explain the mechanism for the formation of stratified
mixtures in a correlated manner with constructive and functional particularities
of the gasoline direct injection engines. There are analyzed the stages of formation
mechanism of this type of mixture, by using organized movements with the control
of fuel jet. It points out that burning stratified mixtures represent a serious reserve
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automobile este de a obtine

performante cit mai ridicate cu un
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110040 Pitesti, Arges, Romania

consum de combustibil cat mai mic,

respectind totodatd legislatia aflati

in vigoare. Pentru respectarea acestor

cerinte din ce in ce mai exigente, constructorii de automobile implemen-
teazd tehnica downsizing si injectia directa de benzina pentru motoarele lor.
Injectia directd de benzind, cunoscuti si ca GDI (Gasoline Direct Injec-
tion), desi nu este o tehnici noud, fiind folosit pentru prima dati de citre
Mercedes pentru varianta mecanica si de citre Mitsubishi in anul 1996
pentru varianta electronica, isi giseste o aplicabilitate din ce in ce mai
mare in prezent [7].

Sistemul de injectie directd pentru motoarele cu aprindere prin scinteie
este similar cu sistemul de injectie folosit de motoarele cu aprindere prin
comprimare cu exceptia a cdtorva particularitati. Asadar, sistemul de
injectie directa folosit de motoarele cu aprindere prin scinteie este alca-
tuit din: pompa de combustibil de joasa presiune, pompi de combustibil
de inalta presiune, rampi comuni de injectie, injectoare piezoelectrice,
conducte de combustibil [6]. Injectia directd presupune in mod obliga-
toriu obtinerea de amestecuri stratificate aer-benzina.
Arderea in zona amestecurilor stratificate este posibild, in special, datorita
miscarii organizate de tip swirl, tumble si squish a aerului si a controlului
jetului de combustibil (figura 1). Prin aceste migciri amestecul aer-benzini
devine eterogen, stratificarea presupunand amestec bogat in apropierea
bujiei facilitind aprinderea si amestec sirac catre zonele exterioare. Ames-
tecul din zonele exterioare actioneazi ca un strat termic izolator (figura 2).
Amestecul din camera de ardere este sirac sau foarte sirac, fari si presu-
puna impedimente din punct de vedere al vitezei de propagare a frontului
de flacara.

Miscarea swirl (figura 2a) presupune rotirea masei de aer sau de amestec
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regarding dynamic, economic and environmental performances of spark ignition
engines. Reason why, we believe the widespread implementation of this technology
is today an immediate need.
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Fig. 1. Repartizarea coeficientului excesului de aer in cilindru [1]

in jurul axei cilindrului. Acest tip de migcare organizati oferd numeroase
avantaje precum: omogenizarea rapidi a amestecului, viteze de ardere
ridicate, stabilitate la aprindere prin orientarea masei de combustibil spre
bujie §i evaporarea rapidi a combustibilului.

Poate fi generat prin arhitectura elicoidala a traseului de admisie, a supa-
pelor si a pistonului. Traseul de admisie si supapele au rolul de a genera
migcarea swirl in timp ce arhitectura pistonului are rolul de a mentine si
accelera acest efect. Dezavantajul acestui tip de migcare este dat de faptul
ca pelicula de ulei ce se regaseste pe peretele cilindrului poate fi antrenati
de amestec in cazul unui swirl intens.

Miscarea tumble (figura 2b) presupune rotirea tangentiald a masei de aer
sau amestec intr-un plan perpendicular pe suprafata capului pistonului.
Miscarea tumble este generati de traiectoria circulard a axei traseului
de admisie si intretinutd de profilul capului pistonului. Se obtine astfel
conservarea sau chiar amplificarea efectului tumble pe durata cursei de
comprimare.

Miscarea squish (figura 2c) este o migcare radial ce se obtine la sfarsitul
cursei de comprimare prin efect de prag atunci cind amestecul ajunge in
cavitatile chiulasei sau ale pistonului.

Principiul de functionare al motoarelor cu injectie directa de benzini este

in mare parte similar cu cel al unui motor cu aprindere prin comprimare.
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Fig. 2. Tipuri de miscari turbulente [1]

a) Ghidarea cu peretele
Fig. 3. Controlul jetului de combustibil [4]

Particularititile acestuia fiind acelea ci poate lucra atit cu amestecuri
stratificate cit si cu amestecuri omogene, iar arderea este comandati prin
intermediul scanteii.
Zona in care motorul lucreazi cu amestecuri stratificate este specifica
perioadelor de functionare in regimuri stabilizate, in timp ce zona in care
functioneaza cu amestecuri omogene este specifici pentru fazele tranzi-
torii cu accelerari puternice si pentru faza de pornire. Pentru zona stra-
tificatd injectia dozei de carburant are loc la sfarsitul cursei de compri-
mare, iar pentru amestecurile omogene doza de combustibil este injectata
la inceputul cursei de admisie [1]. Atunci cind motorul functioneazi in
regim stratificat, valoarea coeficientului excesului de aer este cuprins intre
0.9 -4.0.
2. CONTROLUL JETULUI DE COMBUSTIBIL
Injectia directd de benzini presupune ghidarea jetului de combustibil
injectat in cilindru, astfel incat amestecul bogat si fie prezent in vecina-
tatea bujiei spre a facilita aprinderea eficace.

Controlul jetului de combustibil se poate realiza prin trei metode:
ghidarea cu peretele, ghidarea directi a jetului de combustibil si ghidarea

cu aerul.

b) Ghidarea cu aerul

c) Ghidarea directa

Ghidarea jetului cu peretele (figura 3a) presupune orientarea dozei de
combustibil spre bujie utilizind suprafata profilati a capului pistonului.
Doza de carburant este injectatd spre suprafata pistonului, iar datorita
deplasirii pistonului in timpul cursei de comprimare spre punctul mort
superior, combustibilul este redirectionat spre bujie. Dezavantajul acestei
metode este dat de impactul asupra cresterii consumului de combus-
tibil, emisiilor de hidrocarburi si a monoxidului de carbon, ce se mani-
festd datorita cantitatii de combustibil ce nu se evapors, ci se depune pe
suprafata pistonului.

Ghidarea jetului cu aerul (figura 3b) presupune montarea in colectorul
de admisie al fiecirui cilindru a unor voleti de redirectionare a aerului.
Voletii au rolul atat de a controla traiectoria curentului de aer cét si de
amplificare a migcirii de tumble a amestecului. Fluxul de aer preia canti-
tatea de combustibil injectatd si o redirectioneazi spre bujie. Avantajul
acestei metode este dat de faptul cd doza de carburant este izolata de catre
aer, riscul ca acesta si ajungi pe suprafata pistonului sau a cilindrului sub
formai de peliculi fiind diminuat.

Ghidarea directi (figura 3c) a jetului presupune dispunerea injectorului
in vecinitatea bujiei, doza de carburant fiind aprinsi la scurt timp dupa
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injectie. Avantajul acestei metode este dat de faptul ca riscul ci doza de
carburant sa ajungi pe suprafata cilindrului sau a pistonului este practic
eliminat §i de faptul ci aprinderea combustibilului nu mai este sensibili la
fluctuatiile curentilor de aer din cilindru. Principalul dezavantaj il consti-
tuie depunerile de carbon pe electrozii bujiei, ce conduc la o fiabilitate
scizuti a acestora [7].

Pentru a asigura o penetratie corespunzitoare in cilindru si pentru a
obtine o pulverizare si o evaporare cit mai eficienta a combustibilului,
presiunea de injectie in cazul acestor motoare este situata in jurul valorilor
40 si 130 bar. Valori mai mari ale presiunii de injectie ar conduce la valori
sporite ale penetratiei jetului si al riscul ci aceasta si impacteze suprafata
pistonului si a cilindrului [7].

3. PARTICULARITATI ALE FUNCTIONARII MOTORULUI
GDI

Cum a fost deja mentionat, motoarele cu folosesc injectie directa de
benzind pot functiona atit cu amestec stratificat (eterogen) cit si cu
amestec omogen.

3.1. Admisia (Stratificat)

In zona de functionare a amestecurilor stratificate, reglajul se face in mod
calitativ. Clapeta de acceleratie este mentinuta maxim deschisa pentru
a facilita o umplere cit mai eficienta. Voletii din colectorul de admisie
sunt pozitionati astfel incét sa faciliteze curgerea aerului proaspit sa fie
cu preponderenti prin zona superioard a supapei spre a genera miscarea
de tumble sau swirl. In timp ce pistonul coboari spre punctul mort infe-
rior pentru a realiza procesul de admisie, miscarea de tumble impregnata
aerului tinde si fie amortizati de deplasarea pistonului. Totusi, dato-
rita arhitecturii pistonului intensitatea miscarii organizate a aerului este
conservatd si chiar usor amplificati in timpul procesului de comprimare
(figura4) [S].

3.2 Comprimarea (Stratificat)

La sfarsitul cursei de comprimare are loc injectia combustibilului in cavi-

tatea pistonului, ceea ce conduce la o migcare inversa a combustibilului
fata de migcarea aerului, redirectiondnd astfel masa de combustibil spre

Fig. 6. Procesul de admisie (omogen) [5]

zona bujiei facilitand aprinderea (figura S) [S].

Deoarece reglajul se face in mod
A calitativ, sarcina motorului este
controlatd prin reglarea cantitatii
de combustibil injectate. Trecerea
delaregim stratificat]la cel omogen
presupune repozitionarea clapetei
de acceleratie  corespunzator
nivelului de sarcind simultan cu

dezactivarea voletilor. In acest fel

aerul circuld prin ambele canale
de admisie [S].
3.3 Admisia (omogen)

Zon3 de functionare mixt3

Sarcina [Me]

In acest caz, momentul in care
se realizeazd injectia combus-
tibilului este similar motorului
Regim de functionare stratificat cu injectie in poarta supapei.
Datoritd momentului in care are

loc injectia, combustibilul are

suficient timp si devinid omogen

Turatie [rpm] (figura 6) [6].

Fig. 7. Repartizarea zonelor de functionare [5]

20



Ingineria automobilului Nr. 41 / decembrie 2016

200 4 », .
Treapta&, -~
180 -~
-~
r
160 e
-~
- - o
140 L = ot
3 ’&11% N: 120 km/h Treapta 5’ s
Z 120 - i
. - -
8 A 12% N; 100 km/h -
2 100 - -
E - - -
€ gl - Treapta 4 - -
E 80 L = —18%N;70km/h  _ == T o v
o s_, - — - — -
E — —— —
— - 19% N; 50 km/h — -
60 e - e Treapta 3 e
- 22% N; 35 km/h . (o
§o == e == Treapta 2
B B B B e ™ o ey p) e I
20
0 >
1200 1600 2000 2400 2800 3200 3600
Turatie [rpm]

Fig. 8. Influenta injectiei directe de benzina asupra consumului de combustibil [3]

3.4 Comprimarea (omogen)

Decurge in mod clasic, amestecul aer-combustibil este comprimat, iar in
apropierea punctului mort superior are loc declangarea cu avans a scinteii
si initierea arderii [6].

Decizia privind modul de operare al motorului revine in totalitate unitatii
de control electronica a motorului in functie de conditiile de deplasare,
iar schimbirile regimurilor de functionare au loc fari a distorsiona stabili-
tatea de functionare a motorului [S].

Motorul cuinjectie directi de benzina permite folosirea unorrapoarte mari
de comprimare fira aparitia arderii detonante. Se obtin astfel performante
dinamice §i economice superioare fati de motorul ce foloseste amestecuri
omogene. In plus miscirile intense ale amestecului amplifici procesul de
evaporare ceea ce presupune reducerea temperaturii gazelor din cilindru,
ca urmare nu apare riscul cresterii concentratiei de NOx.

Prin folosirea amestecurilor stratificate, doza ciclica de combustibil injec-
tatd este mai redusd, ceea ce are efecte benefice asupra consumului de
combustibil si asupra emanatiei de CO,. [3]

In figura 8 se redi grafic influenta injectiei directe de benzini asupra
consumului de combustibil pentru un autoturism de clasi medie [3]
prevazut cu un grup moto-propulsor cu o cutie de viteze in 6 trepte, se
constata ci prin folosirea amestecurilor sarace in cazul motoarelor cu
aprindere prin scinteie se realizeaza o economie cuprinsa intre 11-22%
comparativ cu un motor ce foloseste amestecurile omogene.

La sarcini scizute, in regim stratificat, acest tip de motor functioneazi cu
clapeta de acceleratie deschisi la pozitia de maxim, astfel pierderile prin
pompaj sunt reduse. Datoritd raportului de comprimare mirit motorul
are un grad mai mare de comprimare si destindere. Pierderea de cildura

prin cedarea catre peretii cilindrului este limitati, deoarece arderea este

izolatd de citre un strat de aer. Toate acestea au ca efect cregterea randa-
mentului efectiv al motorului, acesta apropiindu-se de cel al motorului cu
aprindere prin comprimare [3].

Amestecurile sirace, reduc semnificativ emisiile de hidrocarburi §i
monoxid de carbon.

Cresterea concentratiei de NOx nu este semnificativa intrucat temperatu-
rile pe ciclu sunt relativ reduse. Cresterile de NOx datorate excesului de
aer sunt contracarate prin procedeele de post-tratare a gazelor arse.

O problema specifici a acestor motoare o reprezinti aparitia particulelor
mecanice in gazele de evacuare. Acest dezavantaj poate fi inlaturat prin
folosirea filtrului de particule [4].

CONCLUZII

In actuala etapi, injectia direct reprezinti o solutie indispensabili pentru
obtinerea unor motoare cu aprindere prin scinteie care sa asigure inca-
drarea in actualele cerinte legislative privind performantele dinamice,

economice §i ecologice.
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EXPERIMENTAL INVESTIGATIONS OF THE HYDROGEN USE
AT THE AUTOMOTIVE DIESEL ENGINE

INVESTIGATII EXPERIMENTALE ALE UTILIZARII HIDROGENULUI
LA MOTORUL DIESEL DE AUTOMOBIL

REZUMAT

Hidrogenul, datoritd bunelor proprietati de ardere, are un potential ridicat pentru
imbundtdtirea performantelor energetice si de poluare ale motoarelor cu aprindere
prin comprimare. Lucrarea prezinta rezultatele cercetarilor experimentale realizate
pe un motor de autocamion cu aprindere prin comprimare, cu cilindreea de 10.34
litri, la regimul de 40% sarcind, 1400 rot/min turatie si doud valori ale avansului la
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ening the researcher’s attention

Independentei, Nr. 313, 60042 Bucurest, Romdria to alternative fuels use [1][2]

[3], like hydrogen. Hydrogen is a
privileged alternative fuel for the
internal combustion engines due to its properties, table 1, which makes
it the cleanest fuel and due to its unlimited producing resources [4][S]
[6]. Due to its proprieties it seems very possible to reach homogenous
air-fuel mixtures during the pre-formed phase of the air-fuel mixture
combustion. So, is possible to decrease the soot, CO and HC emis-
sions level by using hydrogen in diesel engine at the same energetic level
achieved when only diesel fuel is used.

The hydrogen does not contain sulphur and carbon in its composition,
this lowering the pollutants emission considerably, in special at small
and medium engine loads. Hydrogen has high resistance to auto igni-
tion, which prevents its use as fuel unique in diesel engine, an ignition
source being required [7][8][9][10]. One of the methods of hydrogen
use recommended for diesel engines is the diesel-gas method due to
its advantages: can be easy implemented on the diesel engine; the air-
hydrogen mixture has a higher homogeneity, being assured all condi-

tions for a reliable diesel engine operate. The hydrogen is injected into

22

producerea injectiei de motorind, la alimentarea cu motorind, respectiv cu motorind
si hidrogen prin metoda diesel-gaz. Rezultatele obtinute in urma cercetdrii experi-
mentale aratd imbundtdtirea performantelor motorului la alimentarea cu hidrogen
in adaos.

Key-words: hydrogen, diesel engine, pollution, fuel, combustion

Table 1 Properties of hydrogen and diesel fuel

Property Diesel fuel |Hydrogen
Molecular mass, [kg/kmol] 226 2.016
Theoretical air-fuel ratio, [kg air/kg fuel] [14.7 34.32
Density, at 0°C and 760 mmHg, [kgr‘m3] 820-860 0.0899
Flammability limits in air, at 20| % V©" 4.1-75.8
0,

C and 760 mm Hg A..As  |0,34...1,68 |0.136...10.12
Flame velocity in air (A=1), at 20 °C and 237

760 mm Hag [m/s] ’

Cetane Number 45-55

Min. ignition energy in air [mJ] 0.2-0.3 0.15

Heat of Vaporization [kJ/mol] 250-314 458.1
Boiling temperature, °C, la 101300 Pa  |180-359 -253
Autoignition temperature, [K] 628 845
Lower Heating sFoicr_]iometn'c fuel- 3279
Value (gas at 0°Clair mixture [kJ/m®] | 3344

and 760mmHg) [kJ/kg] 41800 119 600

the intake manifold, the hydrogen-air mixture with a great homogeneity
being ignited by the flame initiated by auto ignition of diesel fuel injected
into the engine cylinder. The experimental investigations conducted in
different laboratories on diesel engines fuelled with hydrogen and diesel
oil highlighted some specific aspects comparative to diesel oil engines
fuelled: the engine specific power increases with 10-15% comparative
to using only diesel fuel [11]; the engine thermal efficiency increases
at partial engine loads with about $% to using only diesel fuel [11];
pollutants emissions decrease. At the increase of amount of hydrogen
that replaces the diesel fuel, due to higher homogenization of air-fuel
mixture, the maximum pressure during combustion increases [12]. At
the hydrogen-gas oil fuelled engine operate CO, HC and smoke emis-
sions level has a lower level than the standard diesel engine due to a
better combustion, the lower carbon content in air-fuel mixture and
higher homogeneity of air-hydrogen mixture [11]; the emissions level
of CO, has aslight increase [2][13].

Naber explains the increasing concentration of CO,, through the
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2% rpm and normal thermal regimen (80 °C
cooling agent temperature) for two injection timing
values.

The engine was mounted on a test bench equipped

with an eddy-current dynamometer and adequate

instrumented with: data acquisition system, ther-

mometers, thermocouples, thermo resistances and

manometers monitoring the engine functional

parameters, air flow meter, hydrogen flow meter,
gas-oil consumption device and gas analyzer. In the
figure 1 is presented the scheme of the experimental
bench.

\ 1.Hydrogen bottle 2.Weight balance; 3. Hydrogen
valve; 4. Diesel fuel valve; 5. Diesel fuel tank; 6.

A
[

17 18

Fig. 1. The scheme of the experimental bench

condensation of water vapour which results from the hydrogen
burning in greater quantities, on the exhaust way decreasing the total
flow of exhaust gas assessed. NO_emissions level grows at the increase
hydrogen addition in particular at high loads because the temperature in
the engine cylinder is bigger [14]. N. Saravanan [12] and M. Younkins
[15] have found that NO_emissions level decreases with about 14%
at the engine fuelling with hydrogen in small quantities (up to 15%
energetic of replace of diesel fuel) at small engine loads, because of
the shorter duration of the high temperatures developed in the engine
cylinder, avoiding the formation of NO_emissions. At bigger amounts
of hydrogen use, the NO_ emissions level increases compared to the
level of emissions of a standard diesel engine because of the mainte-
nance in time of high temperatures in the cylinder.

In this paper are presented some results of experimental researches
done on a diesel engine truck, powered by adding hydrogen at engine
load of 40% and speed of 1400 rpm for two injection timing values.
The general objective of the research is the use of hydrogen at the diesel
engine for improving energetically engine performance and for decrease
of the pollutants emissions level. By achieving these specific objectives
the paper brings an important contribution to alternative fuels use at
diesel engines and to solving pollution problems in large urban and
agriculture areas, the solution can being easily implemented on diesel
engines in running, even on the old design which can be converted to fit
the current rules of pollution.

2. EXPERIMENTAL RESEARCH

The experimental research has been followed on the D2156 MTN8
engine at the operating regimen of 40% load, engine speed of 1400

Pressure regulator; 7. Diesel fuel supplying pump;
8. Manometer high pressure; 9. Diesel fuel filter;
10. Low pressure manometer; 11. AVL DiCom
4000 gas analyzer; 12. Gas recirculation valve; 13.
Meriam air flowmeter; 14. Differential manom-
2 eter for turbocharging pressure measuring; 15-16.
group;
water cooling valve; 18. Water circulation pump

Turbo-compressor 17. Dynamometer
for dynamometer cooling; 19. Diesel fuel injec-
tion pump; 20. Hydrogen pipe; 21. Incremental
speed transducer; 22. Ventilator 23. Cooling liquid

radiator; 24. Couple; 25. Hoffman eddy-current
dynamometer; 26. D2156 MTNS diesel engine;
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Fig. 2a. Maximum pressure vs. different substitute ratios x,
at the engine regime of 40% load and 1400 min™' speed
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Fig.2b. Maximum pressure rise rate vs. different substitute ratios x ,
at the engine regime of 40% load and 1400 min™ speed
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Fig.3. Break Specific Energetic Consumption vs. different substitute
ratios x,, at the engine regime of 40% load and 1400 min"' speed
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Fig.5. HC emission level vs. different substitute ratios x , at the engine
regime of 40% engine load and 1400 min™ speed

27. Water circulation pump for the engine cooling; 28. Kistler piezo-
electric pressure transducer; 29. Injector; 30. Kistler charge amplifier;
31. PC with Keithley acquisition board; 32. Dynamometer controller;
33. Dynamometer power cell; 34. Diesel fuel pipe; a) Inlet air tempera-
ture indicator; b) Exhaust gas temperature indicator; c) Oil tempera-
ture indicator; d) Oil pressure indicator; e) Water cooling temperature
indicator.

3. RESULTS AND DISCUSSIONS

The engine was fuelled firstly only with fuel diesel then with diesel fuel
and hydrogen in addition at different rate between 9.12 L/min and 39.6
L/min corresponding some percents of substitute energetic ratios of
diesel fuel by hydrogen of 1.14%, 2.62%, 3.73% and 4.81% for injec-
tion timing of 24 CAD and between 9.6 L/min and 40.15 L/min corre-
sponding some percents of substitute energetic ratios of diesel fuel by
hydrogen of 2.4%, 2.68%, 4.00% and 5.4% for injection timing of 28
CAD.

Because the percents of diesel fuel substitute ratios with hydrogen are
small, the maximum pressure and maximum rise pressure rate slightly
increase, figure 2, due to small increase of the amount of fuel which
burns in the pre mixed combustion faze and of the auto ignition delay
decrease comparison to diesel fuel engine. The brake specific fuel
consumption evaluated in paper through minimum brake specific ener-
getic consumption, BSEC, is smaller than one of diesel fuel engine with
8% for 24 CAD injection timing and with 5.6% for 28 CAD injection
timing, figure 3, due to combustion improvement.

In figure 4 the variation of carbon monoxide emissions level with
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Fig.4. CO emission level vs. different substitute ratios x , at the engine
regime of 40% engine load and 1400 min™ speed
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Fig.6. Smoke emission level vs. different substitute ratios x ,
at the engine regime of 40% engine load and 1400 min™ speed

different substitute ratios is shown, emission level being constant for
both values of the injection timing.

The variation of HC and smoke emissions level is shown in figures 5 and
6. The HC and smoke emissions level slowly decreases comparative to
diesel fuelled engine due to combustion improvement and better homo-
geneous fuel-air mixture.

In the figure 7 is presented the variation of NO_ emissions level with
different substitute ratios. With hydrogen-diesel oil dual fuelling opera-
tion mode NO_ emissions level decreases with 12% comparative to
diesel engine for a 2.62% percent of substitute ratio of diesel fuel by
hydrogen at 24 CAD injection timing and with 7% comparative to diesel
engine for a 0.96% percent of substitute ratio of diesel fuel by hydrogen
at 28 CAD (at this value of injection timing the NO_decrease is smaller
due to higher temperature level). Similar results were obtained and by
other researchers. Thus, Lambe and Watson [1] and Tomita et al [2]
have reported considerable reductions in NOx emissions level at the
engine operate with hydrogen addition.

The high effect of the temperature on the NO_emissions formation is
known. At the engine small loads the diesel-fuel cycle dose is reduced.
At the hydrogen adding, at the same engine load, the cycle dose of diesel
fuel and the combustion duration decrease. For the investigated engine
operating regimen (small engine load and hydrogen additions) the
combustion duration for which the heat release rate is greater than at
the engine operate with diesel fuel is shorter.

The authors explication regarding the NO_emissions level decrease at
the engine operate with small hydrogen quantities in addition is the



Ingineria automobilului Nr. 41 / decembrie 2016

40% engine load

S00 [T=28 CAD
1400 rpm
IT=24 CAD
0 w

150
(4] i 2 - 4 5. 6

NOx [ppm]
[ Y]
v
o

xc [%]

Fig.7. NOx emission level vs. different substitute ratios x , at the engine
regime of 40% engine load and 1400 min™' speed

fact that though the hydrogen fast burns and the temperature increases
is avoided NO_ emissions formation due to a shorter duration of the
combustion and high temperatures are registered only for short time
~1.8 ms. Same explication is given by Georgios Pechlivanoglou: ,the
combustion is so rapid that the high temperatures exist only for approx.
2ms” [16]. Whatson [1] and Thalibi et al. [3] explains NO_decrease at
the hydrogen adding through the increase of the mole fraction of water
vapours in the combustion products produced at the hydrogen combus-
tion which absorb energy released from combustion and thus the peak
combustion temperatures decrease [3].

At the hydrogen addition increase the temperature effect regard the NO_
formation is high because the heat release is greater and high tempera-
tures time duration increases. Thus, is explained the NO_ emissions
level increase at percents of substitute ratio of diesel fuel by hydrogen
greater of 3%.

The variation of carbon dioxide emission level with different substitute
ratios is shown in figure 8, emission level being near constant.

4. CONCLUSIONS

The use of hydrogen at the diesel engine is a good opportunity because
improves the combustion process due to its better combustion character-
istics in comparison to gas-oil. The engine performances are improved.
The NO_emissions level decreases for small hydrogen addition. The
smoke and HC emissions level decreases. The small hydrogen additions
use is another advantage due to the fact that it can be produced at the
vehicle board and doesn’t required major engine design modifications.
Hydrogen can be considered a good alternative fuel for diesel engine,

assuring the partial replace of the fossil.
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GONGURSUL NATIONAL STUDENTESG
DE INGINERIE A AUTOVEHICULELOR
-PROFESOR INGINER GONSTANTIN GHIULAI

THE NATIONAL GONTEST FOR STUDENTS IN

AUTOMOTIVE ENGINEERING

-PROFESSOR ENG. CONSTANTIN GHIULAI®

DOMENIUL . DINAMICA AUTOVEHICULELOR™ / DOMAIN ,DYNAMICS OF VEHICLES™
Editia a lll-a, Bucuresti / Third Edition, 2016, Brasov, 26.10. - 28.10.2016

In perioada 26.10 — 28.10.2016, pe durata Congresului International de

Inginerie a Autovehiculelor si Transporturilor CONAT 2016 organizat de
catre SIAR la Universitatea ,Transilvania” din Bragov, a avut loc faza finald
a celei de a treia editii a Concursului national studentesc de inginerie a
autovehiculelor ,Prof. univ. ing. Constantin Ghiulai”, domeniul "Dinamica
autovehiculelor”, organizat, de asemenea, de SIAR.
La faza nationald a celei de a treia editii a concursului au participat
20 studenti reprezentind 8 universititi: Universitatea Tehnica din
Cluj-Napoca, Universitatea din Craiova, Universitatea din Oradea,
Universitatea din Pitesti, Universitatea Politehnica din Timisoara,
Universitatea ,Transilvania” din Bragov, Universitatea Tehnici a Moldovei
din Chisindu si Academia Tehnici Militard din Bucuresti. Anterior, in toate
aceste universitati au fost organizate cu un succes deosebit competitii in
cadrul fazei locale (pe universitate) a concursului la care au participat circa
200 de studenti la programele de studii universitate din domeniul "Ingineria
autovehiculelor”. Céstigitorii concursurilor organizate in fiecare universitate
au constituit echipele delegate pentru participarea la faza nationala.
Concursul a avut la baza o tematici i bibliografie comune, elaborate de
un grup de cadre didactice de specialitate, precum si un regulament de
organizare aprobat la nivel national.

Pe baza rezultatelor obtinute la probele de concurs, cu sprijinul
AVL Romania, au fost acordate urmatoarele premii:

PremiulI Ioan Bogdan ZAMFIR
Universitatea ,Transilvania” din Brasov;
Premiul II  Vasile SOLCANU

Universitatea Tehnica din Cluj-Napoca;
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Premiul IIl Marian TURLEA
Universitatea din Pitesti;
Mihai Gabriel NECULA

Universitatea din Pitesti.

Mentiune

Pe echipe participante, clasamentul final a aritat astfel:

Locul I echipa Universititii din Pitesti;
Locul IT echipa Universitatii Transilvania din Brasov;
Locul Il echipa Universitatii Tehnice din Cluj-Napoca.

Toti studentii participanti au primit Diplome de merit pentru rezultatele
deosebite obtinute la concurs.

Editia a ITI-a a concursului a beneficiat de suportul logistic consistent asigurat
de colegii din cadrul Departamentului de Autovehicule si Transporturi din
Facultatea de Inginerie Mecanici a Universititii ,Transilvania” din Bragov
(inclusiv masa i cazarea studentilor), cirora SIAR le adreseazi calde multumiri.
Societatea Inginerilor de Automobile din Roménia — SIAR organizeazi editia a
patra a concursului in perioada 02 - 04 noiembrie 2017 simultan cu Congresul
international anual de inginerie a autovehiculelor al SIAR — CAR 2017 - gazduit
de Universitatea din Pitegti.

Pentru detalii suplimentare accesati http://siar.ro/siar-junior/

Sincere felicitari tuturor participantilor!
Prof. dr. ing. Minu MITREA, Secretar General SIAR

Concurs organizat
cu sprijinul AVL!
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