Florin MARIASIU
Calin ICLODEAN

APLICATII NUMERICE
IN SIMULAREA
PROCESELOR

MOTOARELOR CU
ARDERE INTERNA

INDRUMATOR DE LABORATOR

UTPRESS
Cluj-Napoca, 2016

ISBN 978-606-737-154-3




Editura U.T.PRESS

Str.Observatorului nr. 34

C.P.42, 0.P. 2, 400775 Cluj-Napoca
Tel.:0264-401.999 / Fax: 0264 - 430.408
e-mail: utpress@biblio.utcluj.ro
www.utcluj.ro/editura

Director: Ing. Calin D. Campean

Recenzia: Prof.dr.ing. Nicolae Burnete

Copyright © 2016 Editura U.T.PRESS
Reproducerea integrala sau partiald a textului sau ilustratiilor din aceasta carte este posibild numai
cu acordul prealabil scris al editurii U.T.PRESS.

ISBN 978-606-737-154-3
Bun de tipar: 01.04.2016




Prefata

Datorita contextului contemporan al dinamicii proiectarii, dezvoltarii, producerii
si investigarii motoarelor cu ardere interna lucrarea de fata a aparut ca si o necesitate
imediata Tn abordarea celor amintite, prin metode moderne de modelare si simulare
efectuate prin procese de analiza numerica computerizata.

Avantajele oferite de metodele si metodologiile moderne de modelare si simulare
numerica fatd de metodele traditionale de proiectare, dezvoltare si investigare a
proceselor functionale ale unui motor cu ardere interna sunt reflectate in primul rand
prin economia de resurse (timp, resurse umane si materiale), posibilitatea de a efectua
un numar mare de experimente virtuale, modificarea unor parametrii, acces imediat la
datele obtinute prin simulare si analiza acestora prin metode avansate de statistica
matematica.

Lucrarea se adreseaza in primul rand catre studentii ce frecventeaza cursurile
universitare din domeniul ingineriei autovehiculelor dar isi propune de asemenea, sa
realizeze transferul de cunostinte si experienta acumulata de catre autori, catre toti
aceia care au interese legate de domeniul motoarelor cu ardere interne si a
autovehiculelor. In acest scop s-a realizat o structura a continutului care sa favorizeze
0 parcurgere facila a pasilor necesari in crearea de competente si abilitati fata de
utilizarea unor instrumente moderne de analiza numericad computerizata.

Sunt prezentate modalitatile de modelare si simulare a motoarelor cu aprindere
prin scanteie (MAS) si a motoarelor cu aprindere prin comprimare (MAC), a
posibilitatilor de integrare in model si modelare a echipamentelor de comanda si
control (ECU), a motoarelor mono si poli cilindrice precum si utilizarea si analiza
datelor obtinute prin simulare utilizand unelte de post-procesare.

Lucrarile de laborator sunt dezvoltate pe baza principiului “de la simplu la
complex”, prin structurarea lor sub forma unui algoritm facil de urmat si explicat
suficient pentru ca operatile efectuate sa fie intelese (prin prisma efectului si a

necesitatilor lor).



Existenta unui capitol separat de teste de autoevaluare are ca si scop
aprofundarea si fixarea cunostintelor dobandite prin parcurgerea lucrarilor de laborator
propuse.

Autorii considera ca aceasta lucrare reprezinta doar un inceput in domeniul
analizei numerice a motoarelor cu ardere interna, cu scopul declarant de a fi un
instrument de diseminare catre cei interesati de problematica contemporana a
dezvoltarii potentialului motoarelor cu ardere interna prin metode de analiza numerica

computerizata.

Cluj-Napoca, 2016
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Laborator 1:

Principiile modelarii si simularii siste-
melor de management ale motoarelor cu
ardere interna. Prezentarea generala a

programului AVL BOOST.

Scop
e Familiarizarea utilizatorilor cu mediul si programul de modelare si simulare AVL
BOOST.

Obiective educationale si de formare a competentelor specifice
e |dentificarea functiunilor programului AVL BOOST, a ariilor si a barelor de lucru
(Toolbar);
o Utilizarea adecvata a interfetei programului AVL BOOST (GUI — Graphical User
Interface);
e Identificarea si functionalitatea elementelor constructive ale unui model;
¢ Utilizarea elementelor constructive pentru cazul particular al unui model de motor

dat (ales).

Prezentarea lucrarilor de laborator
Ca si reguli generale privind modul si cerintele de desfasurare al activitatilor practi-
ce de laborator, acestea vor respecta urmatoarele cerinte:
o Activitatile de laborator se vor desfasura conform orarului, in sala prevazuta (aloca-
ta) acestor activitati;
e Se vor stabili echipe de lucru de 2 (max. 3 studenti);
e Se va aloca un post de lucru (calculator) care va ramane acelasi pe toata perioada

de desfasurare a activitatii de laborator.



Activitatile de la fiecare laborator se vor salva in folderul creat initial pentru aceste
activitati (denumit “Grupa_AAAA _lab_MMAT”), sub denumirea “Echipa_x” (unde x va
fi numarul alocat echipei de lucru), sau “Nume_prenume” al studentului.

De asemenea, tindnd cont de specificul activitatilor de laborator, studentii sunt
obligati:

e Sa respecte normele si regulile interne de desfasurare a lucrarilor practice din ca-
drul Laboratorului de motoare;

e Sa fie instruiti inainte de a efectua un test de incercare pe stand si de a refuza sa
efectueze testul, daca considera ca testul nu este efectuat in conditii de siguran-
ta;

¢ Orice abatere de la normele de siguranta si securitate a muncii va fi adusa imediat
la cunostinta cadrului didactic si/sau a tehnicianului de serviciu;

¢ Sa anunte imediat conducerea departamentului si/sau la numarul de telefon alocat

serviciilor de urgentd — 112, incidentele de siguranta si securitate a muncii.

In cadrul laboratorului 1, activitdtile ce urmeaza a fi desfasurate au ca si scop fa-
miliarizarea utilizatorilor (studentilor) cu notiunile si cerintele caracteristice utilizarii simu-
larii computerizate in domeniul motoarelor cu ardere interna. Prin parcurgerea activitati-
lor alocate laboratorului 1, se vor prezenta generalitatile, functiunile si utilitatea pachetu-
lui de programe AVL BOOST (ce va fi utilizat pe parcursul desfasurarii laboratoarelor ce
urmeaza).

Se vor prezenta elementele principale (tip, functiune, caracteristici de baza etc.) de
constructie a unui model ce simuleaza functionarea unui motor cu ardere interna, si de
asemenea, se vor efectua primii pasi in crearea unui model (inserarea elementelor in
zona de lucru, in functie de specificul motorului ales pentru aplicarea practica a cunostin-

telor acumulate).

Prezentarea generala a programului AVL BOOST

Programul AVL BOOST este o suita de instrumente software de simulare utilizate
pentru proiectarea si investigarea numerica a unei mari varietati de modele de motoare,
in doi sau in patru timpi, cu aprindere prin scanteie sau cu aprindere prin comprimare.

Cu ajutorul acestei aplicatii software se pot genera, dezvolta si studia modele de
motoare de la capacitati cilindrice mici (cum ar fi motoarele de motocicletd) pana la ca-
pacitati cilindrice foarte mari (motoare pentru navele maritime).

Instrumentul software AVL BOOST de analiza a proceselor functionale ale motoa-

relor cu ardere interna consta dintr-un program de preprocesare, folosit pentru introduce-



rea datelor initiale, a datelor de intrare si a caracteristicilor tehnice a motorului care ur-
meaza a fi construit ca si model.

Dupa asamblarea efectiva a elementelor care alcatuiesc motorul impreuna cu sis-
temele anexe, ecuatiile matematice si algoritmii de calcul ai modelului care stau in spate-
le interfetei grafice cu utilizatorul, vor analiza si calcula procesele care sunt cerute in
timpul simularilor.

O particularitate a programului AVL BOOST este aceea ca miscarea fluidelor prin
conducte este tratata ca fiind “0” dimensionala. Acest lucru inseamna ca parametrii fizici
precum presiunile, temperaturile si vitezele de curgere din cadrul sistemului studiat, vor fi
obtinute din solutiile rezolvarii ecuatiilor de dinamica a gazelor si reprezinta valorile medii
pe sectiunea transversala a conductelor (ipoteza simplificatoare).

Pornirea mediului de simulare AVL BOOST se poate realiza in doua moduri:

1. Prin accesul barei de comanda a sistemului de operare si click pe icon-ul AVL
AST (figura 1.1);

2. Prin dublu click pe icon-ul AVL AST de pe desktop si click pe butonul AVL BO-
OST (figura 1.2).

Ca si aplicatie practica, se va alege mediul de simulare AVL BOOST si se asteap-
ta incarcarea programului. Prin lansarea (deschiderea) programului, va apare urmatorul
ecran (figura 1.3). Meniul si bara de unelte a programului de simulare AVL BOOST sunt
prezentate n figura 1.4.

Pentru salvarea unui model creat in aplicatia AVL BOOST se vor parcurge pasii
urmatori:

¢ Modelul computerizat creat va fi salvat prin accesarea meniului: File->Save As.

e Modelul va fi salvat sub forma “Nume_Prenume.bwf”. Salvarea se va realiza in
folderul (directorul) ce este repartizat utilizatorului/studentului respectiv.

¢ Pentru incarcarea modelului la o sedintd noua de laborator, se va accesa din nou
meniul prin optiunile File -> Open, si se va alege denumirea fisierului salvat ante-
rior.

Foaia de lucru incarcata in aplicatia AVL BOOST se dimensioneaza in functie de
marimea modelului care va fi dezvoltat si/sau de numarul de elemente componente ale
modelului.

Dimensionarea foii de lucru se realizeaza din comanda File -> Page Setup: de
unde se alege orientarea paginii (Portrait sau Landscape) si dimensiunea paginii (dupa

un standard A4 sau A3, respective la dimensiuni definite de utilizator).
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Fig. 1.3 Ecranul principal de lansare a programului de simulare AVL BOOST
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Fig. 1.4 Meniul si bara de unelte a programului de simulare AVL BOOST

Alegerea elementelor ce compun un model, se realizeaza din bara de unelte aflata
in partea stanga a ecranului principal (selectare simpla prin intermediul mouse-ului). Po-
zitionarea elementului in cadrul ariei de lucru se realizeaza simplu, cu ajutorul mouse-lui,

prin dublu click (figura 1.5).

Identificarea elementele constructive ale unui model. Generalitati.

Elementele (sau blocurile) ce definesc functionarea componentelor si/sau sisteme-
le si echipamentele unui motor cu ardere interna, ofera posibilitatea de a modela un mo-
tor cu ardere interna de la modele simple pana la modele complexe.

Caracteristica de complexitate a acestor modele este data in primul rand de tipul motoru-
lui ce urmeaza a fi simulat (tipul de aprindere, numar de cilindrii, sisteme auxiliare de su-

praalimentare, consumatori mecanici conectati etc.).
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Fig. 1.5 Ecranul de lucru al aplicatiei AVL BOOST

(pozitionarea ariei de construire / lucru a modelelor)

Tn continuare se va prezenta modalitatea de identifi

care a elementelor (a blocurilor)

functionale, ce vor fi utilizate in modelarea unui motor cu ardere interna, in mediul de

simu

lare AVL BOOST.

Elemente generale (inglobeaza mai multe sub-modele functionale) (figura 1.6):

C1 - Cilindru

E1 — Motor

MCH1 - Consumator mecanic
V1 — Vehicul

RP1 - Piston rotativ

MP1 - Punct de masura

D1 - Element necunoscut

ATPL1 - Conexiune post-tratament



Fig. 1.6 Icon-urile alocate elementelor generale

Elemente de definire a limitelor modelului (figura 1.7):

SB1 - Limita de sistem (admisie sau evacuare in cazul motoarelor)

ATB1 - Limita post-tratament

IB1 - Limita interna

Fig. 1.7 Icon-urile alocate elementelor de definire a limitelor modelului

Elemente de transfer (figura 1.8):

R1 - Restrictie

TH1 - Acceleratie

RV1 - Valva/Supapa rotativa
CV1 - Supapa de siguranta
I1 — Injector

ATI1 - Injector post-tratament

J1 - Jonctiune
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Fig. 1.8 Icon-urile alocate elementelor de transfer

Elemente de definire a volumelor (figura 1.9):
e PL1 - Plenum (volum)

3DG1 - Element 3D general

e 3DS1 - Element 3D sferic

e VP1 - Plenum variabil

e PPiP1 - Conducta in conducta
e CL1 - Filtru de aer

e CAT1 - Catalizator

e CO1 — Radiator

e DPF1 - Filtru de particule diesel

PL1 3DG1 3D8S1 cL1 CAT1
PPiP1

VP1
L
J"diedl'o E ‘:v‘%’_"

Fig. 1.9 Icon-urile alocate elementelor de definire a volumelor

Elemente de incarcare a motorului (figura 1.10):
e TC1 - Turbosuflanta
e T1- Turbina

TCP1 — Turbocompresor

PDC1 - Compresor cu debit pozitiv

WGH1 - Valva de presiune
PWSC1 - Element BOOST (Flow Sim)

ED1 - Dispozitiv electric
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Fig. 1.10 Icon-urile alocate elementelor de incarcare a motorului

Elemente de legatura externe cu alte programe de simulare AVL AST (figura 1.11):
e L1 - Legatura cu AVL FIRE
e UDEL1 - Element definit de utilizator
e CFD1 - Legatura cu CFD
o CRL1 - Legatura cu AVL CRUISE

L1 UDE1
V;ﬂl !UDE
0 4= | E

CFD1 CRL1

-

LErm 7 1D]

Fig. 1.11 Icon-urile alocate elementelor de legatura cu alte programe de

simulare externe mediului AVL BOOST

Elemente de comanda si control ale motorului (figura 1.12):
e ECU1 - Unitate electronica de control
e DLL1 - Element control MATLAB

El1 - Interfatéd cu motorul
PID1 - Controler PID

FI1 - Interpretor de formule
MNT1 — Monitor
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Fig. 1.12 Icon-urile alocate elementelor de comanda si control
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Elemente de definire a componentelor acustice (figura 1.13):

MIC1 — Microfon

PER1 - Suprafata perforata
OGCL1 - Element acustic
OP1 - Tevi suprapuse

FBR1 - Element acustic

MIC1 PER1 OGC1
4 =
OP1 FBR1

— T

Fig. 1.13 Icon-urile alocate elementelor de tip acustic

Aplicatie practica: identificarea si amplasarea elementelor si blocurilor functionale

principale in zona de lucru.

Pentru realizarea aplicatiei practice din cadrul laboratorului se vor pozitiona in ca-

drul ecranului (ariei) de lucru, elementele si blocurile functionale principale ale unui mo-

tor cu ardere interna.

Elementele constructive sunt caracteristice unui model de motor cu aprindere prin

comprimare (diesel), in 6 cilindrii in linie, cu sistem de supraalimentare (Turbocharger).

10



Blocurile functionale necesare construirii modelului sunt urmatoarele (figura
1.14):

6 elemente Cylinders (C)

1 element Intercooler — (CO)

1 element Turbocharger — (TC)

1 element Engine — (E)

2 elemente System Boundaries — (SB)

3 elemente Plenum — (PL)

8 elemente Pipes Number — (P)

8 elemente Measuring Points — (MP)

Fiecare element se selecteaza initial din bara elementelor (partea stanga a ecranu-
lui) si se adauga cu un dublu- click pe icon-ul elementului ales, in interiorul ariei de lucru.
Pozitionarea/mutarea acestora in cadrul ariei de lucru, se realizeaza prin selecta-
rea elementului (blocului) functional (click stanga mouse), tragerea si amplasarea la locul

dorit/prestabilit (butonul stanga al mouse-ului se mentine apasat).

E1

g TSB1 PL1

I §EeTee

PL2 PL3

SB2
-

Fig. 1.14 Exemplu de amplasare a blocurilor (elementelor)

functionale in aria de lucru
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Laborator 2:

Modelarea si simularea unui motor
monocilindric cu aprindere prin scan-
teie. Setari generale.

Scop
e Crearea, parametrizarea si simularea unui model de motor cu aprindere prin

scanteie monocilindric.

Obiective educationale si de formare a competentelor
e Formarea abilitatilor de utilizare a unor metode moderne de investigare a pro-
ceselor functionale ale motoarelor cu ardere interna;
« Insusirea de competente avansate in procesele de modelare si simulare com-

puterizata.

Prezentarea lucrarii

Lucrarea prezinta algoritmul de utilizare a programului de modelare si simulare
AVL BOOST in modelarea unui motor cu aprindere prin scanteie monocilindric. Se
prezinta detaliat modul de realizare a modelului general precum si a setarilor genera-

le a modelului de motor supus simularii, in mediul de simulare AVL BOOST.

Desfasurarea lucrarii

Lucrarea de laborator nr. 2 se desfasoara prin parcurgerea algoritmului prezen-
tat in cele ce urmeaza, in scopul realizarii unei aplicatii practice de modelare a unui
motor monocilindric cu aprindere prin scanteie.

Modelul se construieste prin plasarea elementelor componente in interiorul zo-

nei de lucru si interconectarea lor prin intermediul elementelor de conectare - Pipes.
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Nu este necesara o ordine prestabilita de amplasare a elementelor sau a pozi-
tionarii lor exacte in interiorul zonei de lucru.

Alegerea unui element component si amplasarea lui se realizeaza prin efectua-
rea cu ajutorul mouse-ului (dublu click pe element in zona de identificare a elemente-
lor - Element Tree). Pentru pozitionarea in cadrul zonei de lucru (de creare a mode-
lului) se selecteaza elementul (simplu click), se mentine apasat butonul stang al mo-

use-ului si se muta elementul acolo unde se doreste (figura 2.1).
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Fig. 2.1 Inserarea unui element in zona de lucru

Particular, in cazul ce urmeaza a fi prezentat, modelul de motor ales a fi mode-
lat si simulat se compune din urmatoarele elemente componente (figura 2.2):

¢ 1 buc. motor (Engine)

1 buc. cilindru motor (Cylinder)

¢ 1 buc. filtru de aer (Air Cleaner)

1 buc. catalizator (Catalyst)

1 buc. injector (Injector)

2 buc. elemente intrare/iesire — admisie/evacuare (System Boundaries)

3 buc. volume de compensare (Plenum)

¢ 3 buc. restrictii (Restrictions)

10 buc. puncte de masurare si monitorizare (Measuring Points)

12 buc. conexiuni (Pipes)

13
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Fig. 2.2 Elementele modelului de motor cu aprindere prin scanteie in AVL BOOST

Conexiunea dintre elemente (figura 2.3) se realizeaza prin selectarea optiunii
Connection din bara de unelte, iar prin conexiune se ataseaza elementelor conecta-
te (se selecteaza capetele conexiunii si se conecteaza cu elementele specifice, unind
ancorele elementelor).
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Fig. 2.3 Conectarea elementelor
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Conexiunile mecanice (portocaliu) si conductele de curgere pentru fluide (ne-
gru), trebuie definite corespunzator caracteristicilor lor, iar conexiunile electrice (al-

bastru) sunt considerate a fi conectori de legatura care nu se definesc (figura 2.4).

CL1 C1 ED1 V1
B{g & -
a) b) c)

Fig. 2.4 Conectarea elementelor constructive:
a — conexiune pentru fluide (negru), b — mecanica (orange), ¢ — electrica (albastru).

Pentru schimbarea directiei de conectare se foloseste comanda Change Di-
rection din bara de meniu, iar pentru schimbarea legaturilor efectuate intre elemente
se foloseste comanda Change Connection.

Modelul creat prin efectuarea operatiilor anterior prezentate va avea forma ce-

lui prezentat in figura 2.5.

R2 i R1 5 1 381

PLZ FL3

5B2
MP10

Fig. 2.5 Model de motor cu aprindere prin scanteie monocilindric in AVL BOOST
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Introducerea datelor generale privind modelul
Tnainte de a defini si parametriza fiecare element in functie de specificul lui,
prin utilizarea programului de modelare si simulare AVL BOOST este obligatoriu sa
fie introduse datele generale privind modelul si conditiile generale de simulare.
Definirea si introducerea datelor generale (globale) se realizeaza prin accesa-
rea din meniu a optiunii Simulation -> Control, ceea ce va duce la deschiderea ur-

matoarei ferestre de lucru.

Pas 1. Optiunea SIMULATION TASKS

Click pe Simulation -> Tasks si selectati Cycle Simulation.

Pas 2. Optiunea CYCLE SIMULATION
Click pe subgrupul Cycle Simulation ceea ce va duce la deschiderea urma-

toarei ferestre de lucru (figura 2.6):

: . OK |
Simulation Control / Globals
~13 Simulation Control = Cancel |

B simulation Tasks S EE LA

- E Cycle Simulation

= Classic Species Setup . -
Species Transport  |Classic -
Air Humidity pet po J

B Initialization — Non-Engine Application
—-B8 General Species Setup Peference Spaad rom

B Initialization
B Convergence Control Reference Cytle Type C12sGie
Restart Control 1 4-Sirke
Output Control ) Botay Fiston ERgire
FIRE/CFD Link Control
Aftertreatment Analysis
= Linear Acoustics
H save — Simulation Interval

B Initialization End of Simulation la cycle(s)
B2 User Defined Parameters

[~ Convergence Control

— Spatial Pipe Discretization

w  Average Cell Size mm
© Simulaiion Siep Size den ™
Apply | Accept | Help

Fig. 2.6 Optiunea CYCLE SIMULATION

Inserati urmatoarele date:
Species Transport Classic (default)
Simulation Interval
End of Simulation 10 cycles (7200 deq)
Spatial Pipe Discretization
Average Cell Size 25 mm

16



Pas 3. Optiunea CLASSIC SPECIES SETUP

Click pe Classic Species -> Setup ceea ce va duce la deschiderea urmatoarei

ferestre de lucru (se vor pastra valorile afisate in figura 2.7):

Simulation Control / Globals

4 Simulation Control
B Simulation Tasks
B Cycle Simulation
- @ Classic Species Setup
Air Humidity
B2 Initialization
--B8 General Species Setup
B8 Initialization
B3 Convergence Control
Restart Control
E Qutput Control
B FIRE/CFD Link Control
Aftertreatment Analysis
= Linear Acoustics
B Save
B2 Initialization
B User Defined Parameters

=)

Classic Species Setup

— Fuel Properties

= Cancel

Standard Fuel Gasoline

' User-defined Fuel

BOOST Gas Properties Data File

BOOST Gas Properties Tool |

v Non-default Fuel Combustion Properties
Fuel Combustion Properties

Lower Heating Value

|14.5

Reset To Defaults |

Stoichiometric A/F Ratio

IZSSOO KJikg

Apply | Accept | Help

Fig. 2.7 Optiunea CLASSIC SPECIES SETUP

Pas 4. Optiunea INITIALIZATION

Click pe Initialization pentru deschiderea ferestrei “Initialization”. Selectati

A/F-Ratio din meniul Ratio. Selectati Add Set si introduceti datele din figura 2.8 si

tabelul 2.1.

=7 Simulation Control
Simulation Tasks
- @ Cycle Simulation
-~ @ Classic Species Setup
B Air Humidity
B8 Initialization
=-B8 General Species Setup
B4 Initialization
B8 Convergence Control
Restart Control
Output Control
FIRE/CFD Link Control
Aftertreatment Analysis
= Linear Acoustics
E Save
E Initialization
B8 User Defined Parameters

. . oK
Simulation Control / Globals 4|
Cancel
Initialization
__rep |
Ratio [A/F-Ratio j
Press | Temp | Fuel Vapour |Comb Products AJF-Ratio
bar degC H [ H

1 o969 20 0 0 10000

2 |oo79 25 0.075 0 10000

3 |1.108 800 0 1 13.54

4 [1085 600 0 1 13 54

5

5

7

8

9

10
. ]

Apply | Accept | Help |

Fig. 2.8 Conditiile de initializare
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Tabel 2.1 Conditiile de initializare

Set Pressure Temperature | Fuel Va- Combustion A/F Ratio
(bar) (degC) pour (-) Products (-) )
1 0.969 20 0.000 0.000 10000
2 0.979 25 0.075 0.000 10000
3 1.105 800 0.000 1.000 13.54
4 1.055 600 0.000 1.000 13.54

Pas 5. Optiunea RESTART CONTROL
Click pe Restart Control pentru deschiderea ferestrei de lucru. Selectati Spe-

cific Interval din meniul Restart File Saving Interval si introduceti valoarea de mai

jos pentru Saving Interval (figura 2.9).

Restart Simulation

Use Most Recent Restart File

Restart File

Restart File Saving Interval

Saving Interval

No
Selected

Specific Interval
720 deg

B3 Initialization
B3 User Defined Parameters

Simulation Control / Globals L‘
92 Simulation Control Cancel
Simulation Tasks Restart Control
=t Cycle Simulation w
S| Classic Species Setup _ Restart
Air Humidity
& Initialization Restart Simulation No =l
=B General Speties Setup @ Use Most Recent Restart File
B Initialization .
B8 Convergence Control ' (sl e
Restart Control File [
B Output Control B T s
FIRE/CFD Link Control
Aftertreatment Analysis
=} Linear Acoustics
B3 Save — Restart File

[~ Save Restart File at End of Simulation

Restart File Saving Interval [Specific Interval

Saving Interval 720 deg
— Backup File
I Saving Interval deg
Apply | Accept | Help |

Fig. 2.9 Optiunea RESTART CONTROL
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Pas 6. Optiunea OUTPUT CONTROL
Click pe Output Control si introduceti valoarea de mai jos pentru Saving In-
terval (figura 2.10). Click OK.

Traces

Saving Interval

3 deg

Reference Ambient Conditions

Pressure

Temperature

1 bar
25 degC

Simulation Control / Globals

“r5 Simulation Control
Simulation Tasks
=t Cycle Simulation
S| Classic Species Setup
Air Humidity
B3 Initialization
=-E8 General Species Setup
B Initialization
B8 Convergence Control
Restart Control
B Output Control
FIRE/CFD Link Control
Aftertreatment Analysis
=} Linear Acoustics
B3 Save
B3 Initialization
B3 User Defined Parameters

Pl

Cancel
Output Control
Help

[~ Animation
— Traces

Recorded Range

™ Traced Cycles 1

™ Acoustic Cycles 1

Saving Interval 3 deg

— Reference Ambient Conditions.

Pressure 1 bar

Temperature |§5 degC

Apply | Accept | Help |

Fig. 2.10 Optiunea OUTPUT CONTROL

La sfarsitul sesiunii de lucru, toate operatiile efectuate conform cu algoritmul de

lucru al laboratorului se salveaza folosind comanda din meniul programului Save As

| Save.
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Laborator 3:

Modelarea si simularea unui motor
monocilindric cu aprindere prin scan-
teie. Parametrizarea motorului.

Scop
e Crearea, parametrizarea si simularea unui model de motor cu aprindere prin

scanteie monocilindric

Obiective educationale si de formare a competentelor
e Formarea abilitatilor de utilizare a unor metode moderne de investigare a pro-
ceselor functionale ale motoarelor cu ardere interna
« Insusirea de competente avansate in procesele de modelare si simulare com-

puterizata

Prezentarea lucrarii

Lucrarea prezinta algoritmul de utilizare a programului de modelare si simulare
AVL BOOST in parametrizarea elementelor unui motor cu aprindere prin scanteie
monocilindric. Se prezinta detaliat modul de parametrizare a elementului motor su-

pus simularii.

Desfasurarea lucrarii

Lucrarea de laborator nr. 3 se desfasoara prin parcurgerea algoritmului prezen-
tat in cele ce urmeaza, in scopul continuarii lucrarilor deja efectuate in cadrul labora-
toarelor anterioare, in scopul realizarii unei aplicatii practice de modelare a unui mo-
tor monocilindric cu aprindere prin scanteie.

Pentru parametrizarea (introducerea datelor specifice) fiecarui element al mo-
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delului se va proceda in felul urmator.

Tn modelul general creat in zona de lucru, selectati elementul dorit a fi definit,
printr-un click cu butonul stanga al mouse-ului si dupa aceasta operatie deschideti o
fereastra de dialog prin actionarea butonului dreapta al mouse-ului. Selectati Proper-
ties din fereastra de dialog si se va deschide o fereastra de lucru in care pot fi inse-
rate datele specifice elementului selectat.

Este importanta mentiunea ca datele ce caracterizeaza un element pot fi copia-

te si transmise unui alt element omolog prin operatia Element -> Copy Data.

ENGINE
Pas 1. Optiunea GENERAL
Click pe Engine pentru deschiderea ferestrei de lucru (figura 3.1). Introduceti

valoarea de (4000 rpm) pentru Engine Speed.

g- x
OK
" - Cancel
“ Engine = 4'
- E General General e
B Inertia Moment of Engine - | 4”
Cylinder / RPE-Rotor Setup
= Engine Friction Author |
B8 Friction[1]: friction_list
B Friction Model o I
BMEP Control Result Name I Date!

[~ Transient Engine Speed

Engine Speed F"]UU pm

Inzrtia Morment of Enging _| kg2

Cycle Type  2-Stroke
@ 4-Stroke
" Rotary Piston Engine

[~ BMEP Control =]

4 | | Apply | Accept | Help |

Fig. 3.1 Optiunea GENERAL

Pas 2. Optiunea ENGINE FRICTION
In subgrupul Engine Friction, optiunea Table este selectata ca si optiune ge-
nerald. Click pe Engine Friction[1]: friction_list pentru deschiderea ferestrei de lu-

cru. Introduceti urmatoarele valori (figura 3.2):

BMEP 10 bar

Col. (X) Engine Speed (rpm) Col. (Y) FMEP (bar)
1000 0.7

4000 2.0
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X

OK
-~ Cancel

~ Engine _ =
4 @ General Friction Set e
B Inertia Moment of Engine - 4|
Cylinder / RPE-Rotor Setup ~ BMEP[10 bar
=Bl Engine Friction
&8 Friction[1]: friction_list Engine Speed ()| _FMEP (v) |
Friction Model rpm par
BMEP Control 1 1000 07 o
2 14000 2
3 Remove
a Load
5 Store
2
18] FMEP (bar)
184
51 4]
=
L1249
I
084
08- T T T T T =
1000 1500 2000 2500 3000 3500 4000
Engine Speed (rpm) LI
a | | Apply | Accept | Help |

Fig. 3.2 Optiunea ENGINE FRICTION

CYLINDER
Pas 1. Optiunea GENERAL
Click pe Cylinder pentru deschiderea ferestrei de lucru (figura 3.3).

£

Cylinder o

2 Cylinder = =

B4 Piston Motion

) Chamber Author |
B8 User Defined Scavenge | SETTET I

-+ @ Initialization

B SHP Condition Setting Result Name | Date
=B Combustion
= @ Vibe
B Start of Combustion - Bore B4 mm
[ Combustion Duration Stroke lgg— T
& Shape Parameter m - _ _
=@ Double Vibe Compression Ratio g H
Bl WMultiple Vibe Gon-Rod Length 1745 | mm
Multiple Vibe 2-Zone i i
B Table _ Piston Pin Offset lﬁ mm
B Table 2-Zone
B Woschni/Anisits .
Effective Blow By Ga| F mm
B Hires et al Y Gap
=B User Model Mean Crankcase Press. |1 bar

&

UD - High Pressure Cycl
Constant Volume 5 y
Constant Pressure I~ User Defined Piston Motion
AVL MCC Model [~ Chamber Attachment b
#- @ Vibe 2-Zone

B Target Pressure Curve

; B Tarnet Preceire r'umjll Apply | Accept | Help |

&

Scavenge Model Perfect Mixing j g

%

Cancel
- B General General Help

Fig. 3.3 Optiunea GENERAL
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Introduceti urmatoarele valori:

Bore 84 mm
Stroke 90 mm
Compression Ratio 9
Piston Pin Offset 0 mm
Effective Blow by Gap 0 mm
Mean Crankcase Press 1 bar

Scavenge Model Perfect Mixing

Pas 2. Optiunea INITIALIZATION

Click pe subgrupul Initialization pentru deschiderea ferestrei de lucru (figura

3.4).
y x
: OK
Cylinder 4|
Cancel
o2 Cylinder - e =
- B General Initialization Help

EH Piston Motion
e} Chamber

— B Combustion
- B vibe

— Initial Conditions at EO-

£ User Defined Scavenge | Pressure IA— bar
- B Initialization
B SHP Condition Setting Temperature 900 degC

— Initial Gas Composition

[E Start of Combustion - Ratio Type [A/F - Raio |
B Combustion Duration
[ Shape Parameter m - Ratio Value 13.54 r
e} Double Vibe l(_] &
Multiple Vibe Fuet Vapour o
Multiple Vibe 2-Zone Combustion Products |1 H
B Table =
B3 Table 2-Zone
Woschni/Anisits I~ SHP Condition Setting
Hires et al . ;I
e ; appy | Accept | e |

Fig. 3.4 Optiunea INITIALIZATION

Introduceti urmatoarele valori:
Initial Conditions at EO

(Exhaust Valve Opening)

Pressure 4 bar
Temperature 900 degC
Initial Gas Composition

Ratio Type A/F Ratio
Ratio Value 13.54
Fuel Vapour 0
Combustion Products 1
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Pas 3. Optiunea COMBUSTION
Click pe subgrupul Combustion si selectati optiunea Vibe (modelul de ardere)

pentru modul de caracterizare a caldurii rezultate in urma procesului de ardere (Heat

Release) (figura 3.5).

Cylinder

3

=

&

{#

&

{3

&

S Cylinder
=B General

- @ Initialization

- B Combustion

|»

B3 Piston Motion
B Chamber
B8 User Defined Scavenge |

[E SHP Condition Setting

A vibe
B Start of Combustion -
[E Combustion Duration
[E Shape Parameter m -

B Double Vibe

B Multiple Vibe

B Multiple Vibe 2-Zone

E Table

E Table 2-Zone

B Woschni/Anisits

@ Hires et al

@ User Model

[ UD - High Pressure Cycle

B Constant Volume

B Constant Pressure

B AVL MCC Model

B Vibe 2-Zone

@ Target Pressure Curve

B Tarnet Pressyre Curve_SILI
4 »

Combustion

Heat Release [Vibe

[

Vibe Parameter Fiting |07 =

—Fuelling

& Fuel Mass / Cycle P Ky
|E H

C AF-Ratio

— Mixture Preparation
" Internal « External

The Mixture Preparation sefting determines the freatment of in-cylinder

evaporation and the local combustion excess air ratio development for
2-Zone combustion models (for details please refer to the Online Help).

[~ In Cylinder Evaporation

Fuel Temperature |§5 degC

Evaporaiion Heat kg
Heil from Wall H

Apply | Accept

| ren |

|»

x

OK
Cancel
Help

Fig. 3.5 Optiunea COMBUSTION

Click pe subgrupul Vibe pentru deschiderea ferestrei de lucru si introduceti ur-

matoarele valori (figura 3.6):

Start of Combustion

Combustion Duration

Shape Parameter

Parameter “m”

Parameter “a”

700 deg
50 deg
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Cylinder

|»

2 Cylinder
- B General
BEg Piston Motion
+-B Chamber
B8 User Defined Scavenge |
- @ Initialization
B SHP Condition Setting
- @ Combustion
- @ Vibe
B start of Combustion -
[E Combustion Duration
[ Shape Parameter m -
+[E Double Vibe
Multiple Vibe
Multiple Vibe 2-Zone
B8 Table
Ed Table 2-Zone
Woschni/Anisits
B Hires et al -
4 User Model
e UD - High Pressure Cyclt
B Constant Volume
Constant Pressure
=) AVL MCC Model
+t Vibe 2-Zone
Target Pressure Curve
Target Pressure Curve 2
+t Fractal

HCCI 6 Zone -
4 »

Vibe

Start of Combustion |700 | deg
Combustion Duration [20 =] deg
Shape Parameter m IE < H
oo 3]

Heat Release Characteristics

Parameter a

OK
Cancel
Help

|»

0.045

Hi0.028
s
2 i A
Soox /
i 4
oot
o
(¥ 0.008 4
o T T T T T T T T T
700 705 710 715 720 725 730 735 740 745 750
o Crank Angle (deg)
o 1
L)
Cos
@
= 06
k=]
Ho4o
i
Loz _
8
[ o T T T T T T T T T
= 700 705 710 715 720 725 730 735 740 745 750
Crank Anale (deq) =]
Apply | Accept Help

Fig. 3.6 Modelul de ardere VIBE

Pas 4. Optiunea HEAT TRANSFER

Click pe subgrupul Heat Transfer si introduceti urmatoarele valori (figura 3.7):

Cylinder
Ports

Piston
Surface Area

Wall Temperature

Piston Calibration Factor

Cylinder Head
Surface Area

Wall Temperature

T

cilindru

Head Calibration Factor

Liner

Surface Area

Wall Temperature TDC Toegment_pwis

Woschni 1978
Zapf

- D?

S piston = =5500mm?

piston
Toiston = 200+ 0.045- speed = 380deg C
1
2
Seitingrs =1-3° 7D = 7150mm?

=200+ 0.045- speed—40=340degC

1

7-D?

segment 4

S N =960mm?

piston

=200-+0.045- speed—-80=300degC
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Wall Temperature BDC Teegment_pw = 200+0.045- speed —160=220degC
Liner Calibration Factor 1

Combustion System DI (Direct Injection)

In-cylinder Swirl Ratio 1

Cylinder LI

& Table 2 7one 2| Heat Transfer =
Woschnifanisits Help
B Fires et al Cylinder [Woschni 1978 j
4 User Model Ports & Zapf ¢ None
+~[E UD - High Pressure Cyclt .
Constant Volume — Piston
Constant Pressure Surface Area 5500 mm'2
LM I
j C‘\'bé EE:ZEI:VEIGUEI Wall Temperature 360 degC
@ Target Pressure Curve Piston Calibration Factor 1 -
Target Pressure Curve 2
B Fractal — Cylinder Head
B rccls zone ] Surface Area 7150 mm'2
B In Cylinder Evaporation
B Open Chamber Gas Eng Wall Temp. 340 degC
/LMZCM
T ’;:”le“t'aznig Head Calibration Factor [ o
B Knock i
- [@ Heat Transfer r—Liner
B8 Piston Calibration Factor ™ Layer Discretization
B Head Calibration Factor Surface Area (Piston at TDG) lgmi .
B Liner Calibration Factor
B8 Variable Wall Temperatu Wall Temp. (Piston at TDC)  |300 degC
Liner Layer Wall Temper .
- awe port ;peci ﬂcaﬁonsp Wall Temp. (Piston at BDC)  [220 degC
- VPS[1] Pipe 5 Intake Liner Calibration Factor 1 - [
+ B Valve Controlled b
+— @ Piston Controlled Combustion System & DI ¢ DI
¥ -
. B Chamber Valve _»|_I Apply | Accept | Help |

Fig. 3.7 Optiunea HEAT TRANSFER

Pas 5. Optiunea VALVE PORT SPECIFICATIONS
Click pe subgrupul Valve Port Specification si introduceti datele din figura 3.8:

X

£

Cylinder o

Cancel

-

In Cylinder E tion 2 ne—
&R 'n Cylinder Evaporation Valve Port Specifications Help

B Open Chamber Gas Eng
2} AVLMZCM
Pollutants
B Knock
B Heat Transfer Pipe| Control | |SurfArea|w Temp| [w.Thick| conduct | Heat cap
B Piston Calibration Factor mn*2 | degC mm | WImK) | kJi(m'3K)
B3 Head Calibration Factor 5 |valve 15800 (120 [4}
B8 Liner Calibration Factor 6 |valve 5840 300 o
B Variable Wall Temperatu
B3 Liner Layer Wall Temper r
- B Valve Port Specifications
“ B VPS[1]: Pipe 5. Intake - _lﬁl
=B VPS[2]: Pipe 6: Exhaust — < | 4

a D Apply | Accept | Help |

s

Controlied By Port Variable Wall Temperature

Fig. 3.8 Optiunea VALVE PORT SPECIFICATIONS
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Pipe Control Surface Area (mm?) Wall Temperature (degC)
5 Valve 15800 120
6 Valve 5840 300

Click pe subgrupul VPS [1]: Pipe 5: Intake -> Valve Controlled pentru acce-
sarea campurilor de introducere a datelor (figura 3.9):

a7 x
" QK
Cylinder
| Cancel
B Table 2-Zone - : . =
B Woschni/Anisits Valve Port Specification Help
Hires et al
4 User Model Intake pipe
+-[E UD - High Pressure Cyclt
Constant Volume Inner Valve Seat (= Reference) Diameter 40 mm
Constant Pressure
@ AVL MCC Model Valve Clearance |572 mm
4 B Vibe 2-Zone Scaling Factor for Eff. Flow Area [i 256 =

@ Target Pressure Curve
Target Pressure Curve 2
Fractal

B HCCl 6 Zone

B8 In Cylinder Evaporation ~
Open Chamber Gas Eng

I~ Calculate Dynamic Incylinder Swirl

=4

™ Walve Opening Shift FJ deg

|7 Modification of Valve Lift Timing

++B AVLMZCM T vaive Ciosing S 0 d
Pollutants < = B
Knock S
-~ @ Heat Transfer
B Piston Calibration Factor Reference Lift for Valve Timing IE mm
B Head Calibration Factor Reference Lift Base Effective =] g
8 Liner Calibration Factor _
4T T ; Apply | Accept | Hep |

Fig. 3.9 Subgrupul Intake -> Valve Controlled

Inner Valve Seat

(=Reference) Diameter 40 mm
Valve Clearance 0.2 mm
Scaling Factor

2 2 2 2
dp’7z _ nvdv2i .adpi L n,zdv, 1956
4 dp, 4 4

for Eff. Flow Area A, =1,

unde a este coeficientul de curgere (Flow Coefficent) [-], dpi — diametrul con-
ductei considerate [m], n, este numarul de supape pentru portul considerat [-], dvi —
diametrul scaunului interior al supapei (Inner Valve Seat Diameter) [m].

Click pe Lift Curve pentru deschiderea ferestrei de lucru si introduceti urma-

toarele date:

Specification: Manipulation:

Valve Opening: 292 deg Valve Opening: 292 deg
Cam Length: 368 deg Cam Length: 368 deg
Increment: 8 deg
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Datele necesare parametrizarii procesului de admisie (definite pentru elementul

Pipe 5 a diagramei distributiei la admisie Crank Angle si Valve Lift) sunt cele pre-

zentate n tabelul 3.1 si in figura 3.10, iar aceste date trebuie introduce in campurile

respective.

Tabelul 3.1 Valorile Intake Lift Curve

Crank Angle X Valve Lift Y Crank Angle X Valve Lift Y
(deg) (mm) (deg) (mm)
292 0 484 9.90
300 0.06 492 9.70
308 0.12 500 9.37
316 0.18 508 8.92
324 0.24 516 8.40
332 0.30 524 7.71
340 0.36 532 6.95
348 0.44 540 6.10
356 0.65 548 5.15
364 1.04 556 4.11
372 1.69 564 3.07
380 2.57 572 2.11
388 3.60 580 1.33
396 4.63 588 0.80
404 5.61 596 0.52
412 6.53 604 0.42
420 7.34 612 0.33
428 8.05 620 0.27
436 8.66 628 0.20
444 9.16 636 0.15
452 9.60 644 0.10
460 9.80 652 0.03
468 9.96 660 0.00
476 9.99 - -
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" QK
Cylinder —I
Cancel
Target Pressure Curve =] Crank Angle (X) | ValveLift (v) | B
Target Pressure Curve 2 deg o Help
- B Fractal -
B HCCI6 Zone ; ;?E goe | msertrow
Ed In Cylinder Evaporation ~ > (708 0'12 Remove Row
Open Chamber Gas Eng - Load
4 B AVLMZCM 4 318 0.18
B Pollutants 5 324 0.24 Store
fnock L6 [3%2 03 I ExciteTD Import
- B Heat Transfer L |
B8 Piston Calibration Factor 103
B Head Calioration Factor o3 N VaiveLit jmm)
B8 Liner Calibration Factor R E
Ed variable Wall Temperatu EE' LE
B8 Liner Layer Wall Temper g i:
= @ Valve Port Specifications 229
=B VPS[1]: Pipe 5: Intake 23 =
- @ valve Controlled o T T T T T T T .
i Lift Curve 250 200 350 400 450 500 550 800 650 700
& Flow Coefficients[1 _ Sepiopr =
. — e _’IJ Apply | Accept | Help |

Fig. 3.10 Subgrupul Intake -> Intake Lift Curve

Click on Flow Coefficient pentru deschiderea ferestrei de lucru si introduceti

urmatoarele valori (tabelul 3.2 si figura 3.11):

Tabelul 3.2 Valorile Flow Coefficient

Valve Lift X Flow Coefficient Y
(mm) ()

0 0.000
1 0.070
2 0.145
3 0.220
4 0.300
5 0.355
6 0.405
7 0.455
8 0.480
9 0.500
10 0.520
11 0.535
12 0.540
13 0.545
14 0.550

Pressure Ratio 1

Effective Valve Lift Activated
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Target Pressure Curve =]
Target Pressure Curve 2
- B Fractal
B HCCI 6 Zone
B8 In Cylinder Evaporation -
Open Chamber Gas Eng
2} AVLMZCM
B Pollutants
Knock
- B Heat Transfer
B8 Piston Calibration Factor
B Head Calibration Factor
BR Liner Calibration Factor
B Variable Wall Temperatu
B8 Liner Layer Wall Temper
- @ Valve Port Specifications
=B VPS[1]: Pipe 5: Intake
-+ @ valve Controlled
E8 Lift Curve
B3 Flow Coefficients[1 =
. e _’IJ

Cylinder

Sei 11 Referance Points | =]
Valve Lift (X) | FlowCoeff (Y) |
mm H |

0 j Insert Row
0.071

0.145 | ielizlne]
0.22 Load

0.29 -

‘m.n.o:m-
E RS =]

Store

0.5 FlowCoeff (-}
Toa]
%
5039
H
2029

014 =

0- T
12 1

T T T T T
0 2 4 e 8 10 4
Valve Lift (mm)
-

Apply | Accept | Help |

e]

Cancel

s

Help

Fig. 3.11 Subgrupul Intake -> Flow Coefficient

Click pe subgrupul VPS [2]: Pipe 6 Exhaust -> Valve Controlled pentru acce-

sarea campurilor de introducere a datelor (figura 3.12):

Cylinder

Knock
- B Heat Transfer
BR Piston Calibration Factor
ER Head Calibration Factor
B8 Liner Calibration Factor
B8 Variable Wall Temperatu
B8 Liner Layer Wall Temper
=B Valve Port Specifications
- B VPS[1]: Pipe 5 Intake
-+ @ Valve Controlled
B8 Lift Curve
B8 Flow Coefficients[1
B Dynamic Swirl
B Piston Controlled
Chamber Valve
Chamber Attach
VPS[2]: Pipe 6 Exhaust
B Valve Controlled
B Piston Controlled

(At

L
o

e

Valve Port Specification

Exhaust pipe

Inner Valve Seat (= Reference) Diameter |33 mm

Valve Clearance
Scaling Factor for Eff. Flow Area

I | Calculate s e eylin e S

Modification of Valve Lift Timing

™ Valve Opening Shifi [0 ey
™ Valve Closing Shiit D ey

F]-S mm

962 3]

5 @ Chamber Valve Reference Lift for Valve Timing [ mm
=@ Chamber Attach Reference Lift Base Effective = -]
a D r Apply | Accept | Help |

Fig. 3.12 Subgrupul Exhaust -> Valve Controlled

Inner Valve Seat

(=Reference) Diameter

Valve Clearance
Scaling Factor

for Eff. Flow Area

———=0.962

%

OK
Cancel

Help

i
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unde a este coeficientul de curgere (Flow Coefficent) [-], dpi — diametrul con-
ductei considerate [m], n, este numarul de supape pentru portul considerat [-], dvi —
diametrul scaunului interior al supapei (Inner Valve Seat Diameter) [m].

Click pe Lift Curve pentru deschiderea ferestrei de lucru si introduceti urma-

toarele date:

Specification Manipulation

Valve Opening 66 deg Valve Opening 66 deg
Cam Length 368 deg Cam Length 368 deg
Increment 8 deg

Datele necesare parametrizarii procesului de admisie (definite pentru elementul
Pipe 6 a diagramei distributiei la evacuare — Crank Angle si Valve Lift) sunt cele

prezentate in tabelul 3.3 si in figura 3.13. Aceste date trebuie introduse n campurile

respective.
Tabelul 3.3 Valorile Exhaust Lift Curve
Crank Angle X Valve Lift Y Crank Angle X Valve Lift Y

(deg) (mm) (deg) (mm)
66 0 258 9.90
74 0.06 266 9.70
82 0.12 274 9.37
90 0.18 282 8.92
98 0.25 290 8.40
106 0.32 298 7.70
114 0.36 306 6.95
122 0.45 314 6.08
130 0.65 322 5.14
138 1.10 330 4.12
146 1.70 338 3.07
154 2.57 346 2.10
162 3.60 354 1.33
170 4.63 362 0.82
178 5.60 370 0.52
186 6.53 378 0.40
194 7.34 386 0.33
202 8.05 394 0.27
210 8.66 402 0.21
218 9.16 410 0.15
226 9.55 418 0.09
234 9.80 426 0.03
242 9.96 434 0.00
250 9.98 - -
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Cylinder

B Knock - Crank Angle (X)|  ValveLift (Y) |
- B Heat Transfer deg mm |
B2 Piston Calibration Factor 1 |68 0 q Insert Row
B8 Head Calibration Factor 2 |74 0.06
B3 Liner Calibration Factor 3 |s2 012 SRS Rl
B8 Variable Wall Temperatu 4 |og 018 Load
B8 Liner Layer Wall Temper 5 los 024 Store
-~ B valve Port Specifications & |06 03 S e ———
= VPS[1] Pipe 5 Intake — . Excite TD Import

- @ Valve Controlled

~

ValveLift (mm})

B Lift Curve 03
B8 Flow Coefficients[1 EE
& Dynamic Swirl £
+- [ Piston Controlled ERE
=B Chamber Valve S
2 Chamber Attach > ::
= VPS[2]: Pipe 6. Exhaust 14
- B Valve Controlled RFARRAN
B8 Lift Curve

B8 Flow Coefficients[1 .

T T T T T
150 200 250 300 350
Crank Angle (deg)

Accept | Help

B Dynamic Swirl -
N | _>I_I popyy |

OK
;l Cancel
Help

Fig. 3.13 Subgrupul Exhaust -> Intake Lift Curve

Click on Flow Coefficient pentru deschiderea ferestrei de lucru si introduceti

urmatoarele valori (tabelul 3.4 si figura 3.14):

Tabelul 3.4 Valorile Flow Coefficient

Valve Lift X Flow Coefficient Y
(mm) )
0 0.000
1 0.010
2 0.180
3 0.260
4 0.340
5 0.410
6 0.460
7 0.500
8 0.530
9 0.540
10 0.550
11 0.560
12 0.560
13 0.560
14 0.560

Pressure Ratio:
Effective Valve Lift:

1
Activated
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m OK
Cylinder Q
Cancel
B Knock =l 5et11 peference Points =l

=B Heat Transfer Valve L (O | FlowCoeft (v) | Help

B8 Piston Calibration Factor e =

B8 Head Calibration Factor 0 ~

B3 Liner Calibration Factor 0,003 j Insert Row

B8 Variable Wall Temperatu - Bemove Row

EA Liner Layer Wall Temper 0.18 ——
0.262 Load
0.341 Ad| Store

=@ Valve Port Specifications
= VPS[1] Pipe 5 Intake

~- @ Valve Controlled
B8 Lift Curve 0.6
B8 Flow Coefficients[1 053
B Dynamic Swirl Zoed
@ Piston Controlled %

e Chamber Valve -

£ Chamber Attach
= [ VPS[2]: Pipe 6: Exhaust o1
- B Valve Controlled 0= T T T T T T
i Lift Curve o 2 4 L k3 10 12 14

Valve Lift (mm)

B Flow Coefficients[1 K
B Dynamic Swirl ~
q | D Apply | Accept | Help |

‘U’!AOJMA
IR =]

FlowCoeff (-}

z
2024

Fig. 3.14 Subgrupul Exhaust -> Flow Coefficient

La sfarsitul sesiunii de lucru, toate operatiile efectuate conform cu algoritmul de
lucru al laboratorului se salveaza folosind comanda din meniul programului Save As
/ Save.
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Laborator 4:

Modelarea si simularea unui motor
monocilindric cu aprindere prin scan-
teie. Parametrizarea elementelor auxi-
liare.

Scop
e Crearea, parametrizarea si simularea unui model de motor cu aprindere prin

scanteie monocilindric

Obiective educationale si de formare a competentelor
e Formarea abilitatilor de utilizare a unor metode moderne de investigare a pro-
ceselor functionale ale motoarelor cu ardere interna
o Insusirea de competente avansate in procesele de modelare si simulare com-

puterizata

Prezentarea lucrarii

Lucrarea prezinta algoritmul de utilizare a programului de modelare si simulare
AVL BOOST in parametrizarea elementelor auxiliare ale unui motor cu aprindere
prin scanteie monocilindric. Se prezinta detaliat modul parametrizare a fiecarui ele-
ment auxiliar aflat in componenta al modelului general.

De asemenea se prezinta modalitatea de efectuare a simularii propriu-zise a

modelul de motor ce este finalizat in cadrul acestui laborator.

Desfasurarea lucrarii
Lucrarea de laborator nr. 4 se desfasoara prin parcurgerea algoritmului prezen-

tat In cele ce urmeaza. Parametrizarea elementelor auxiliare se realizeaza in con-
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formitate cu cele ce urmeaza a fi prezentate. Procesul de rulare a simularii compute-

rizate este de asemenea prezentat in cadrul acestui laborator.

AIR CLEANER
Accesul la campurile necesare parametrizarii elementului filtru de aer (Air
Cleaner) din cadrul modelului general se efectueaza prin efectuarea unui click pe

element. Se acceseaza optiunile din meniu si se introduc datele prezentate.

Pas 1. Optiunea GENERAL

Click pe subgrupul General si introduceti valorile (figura 4.1 si figura 4.2):

£l %
. OK
Air Cleaner
13 Air Cleaner = Cancel
B General General
Hell
B Friction elp
= B8 Flow Coefficients Author |
E Pipe 1 Inflow - Table T

B Pipe 1 Outflow - Table I
& Pipe 2 Inflow - Table Result Name | Date
B Pipe 2 Outflow - Table

— Geometrical Properties

Total Air Cleaner Volume |3,1 |
Inlet Collector Volume |1.8 |

Outlet Collector Volume 1.2 I

Length of Filter Element |65 mm

— Hydraulic Setting of Filter Element
I~ Hydraulic Setting

Hydraulic Unit & DiEmeer O Area

Hydraulic Diameier am =
Iralic Arsa 2

Hyd =]

Apply | Accept | Help |

Fig. 4.1 Optiunea GENERAL

cl x
" OK |
Air Cleaner
St Air Cleaner Friction Cancel |
B General el
B Friction _ p |
=B Flow Coefficients Friction Specification < Target Pressure Drop ¢ Coefficient
Ed Pipe 1 Inflow - Table
EA Pipe 1 Qutflow - Table — Target P Drop

B Pipe 2 Inflow - Table Mass Flow la_gz kals
B Pipe 2 Quiflow - Table

Target Pressure Drop E.Uz par
Inlet Pressure F a8 bar
Inlet Air Temperature IE5 degC

— Coefficient
Friction Cosflicient H
Lam. Friction Coeff. P4 I

Apply | Accept | Help |

Fig. 4.2 Optiunea FRICTION
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Geometrical Properties

Total Air Cleaner Volume 3.11

Inlet Collector Volume 1.81

Outlet Collector Volume 1.21

Length of Filter Element 65 mm

Friction Specification Target Pressure Drop

Target Pressure Drop

Mass Flow 0.02 kg/s
Target Pressure Drop 0.02 bar
Inlet Pressure 0.98 bar
Inlet Air Temperature 25 degC

Pas 2. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients introduceti valorile (figura 4.3):

Ay x
- oK |
Air Cleaner
. Cancel
- Air Cleaner . Q
B B General Flow Coefficients
Hell |
@ Friction EL
- E8 Flow Coefficients Pipe 1 Inflow |6.95 = Pipe 1 Outflow [0.95 =
& Pipe 1 Inflow - Table Flow into the Air Cleaner Flow out the Alr Cleaner
B Pipe 1 Outflow - Table
= Pipe 2 Inflow - Table Pipe 2 Inflow |5-95 = Pipe 2 Outflow |0.95 =
& Pipe 2 Outflow - Table Flow into the Air Cleaner Flow out the Air Cleaner
Appy | Accept | Hep |

Fig. 4.3 Optiunea FLOW COEFFICIENTS

Pipe 1 Inflow 0.95
Outflow 0.95
Pipe 2 Inflow 0.95
Outflow 0.95
CATALYST

Accesul la cdmpurile necesare parametrizarii elementului catalizator (Catalyst)
din cadrul modelului general se efectueaza prin efectuarea unui click pe element. Se

acceseaza optiunile din meniu si se introduc datele prezentate in cele ce urmeaza.

Pas 1. Optiunea GENERAL
Click pe subgrupul General si introduceti urmatoarele valori (figura 4.4):
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OK
Catalyst Q
- - Cancel
S Catalyst = — 4|
B (Generai General

i

Hell
=+ @ Initialization LI

B Initial Solid Temperature

@ Type Specification Author |
[ Friction
@ Discretization Gemr I
=@ Catalyst Physical Properties Result Name I Date!

B Thermal Conductivity - T

B8 Specific Heat - Table

B Mass Transfer Multiplier
B Heat Loss I~ Chemical Reactions

B8 External Heat Transfer C_|

B Environment Temperatut

i

Cycle Simulation: By enabling 'Chemical Reactions' the Catalyst model described in the
Aftertreatment Users Guide can be selected and the chemical processes can be modeled. By
=B Variable Wall Temperalu | disabling this switch only the pressure drop of the Catalyst is going to be calculated.

B Ambient Temperature

B8 Radiation Sink Tempe

B8 Convection Coefficier Monolith Volume l(]—_3 | =
=@ Washcoat
B (1] My_Layer Length of Monolith 115 mm
B [1]: My_Reaction Inlet Collector Volume 01 I
e Diesel Oxidation Cata
=B Three Way Catalyst Outlet Collector Volume [0-1 I -

6} Steady SCR -
a N Apply | Accept | Help |

Fig. 4.4 Optiunea GENERAL

Chemical Reactions none
Monolith Volume 0.31
Length of Monolith 115 mm
Inlet Collector Volume 0.11

Outlet Collector Volume 0.11

Pas 2. Optiunea TYPE SPECIFICATION

Click pe subgrupul Type Specification si introduceti urmatoarele valori (figura
4.5):

y x
OK
Catalyst 4|
1 Catalyst - ificati B ﬂl
5 Catalys! — Type Specification
B General Help
= @ Initialization Catalyst Type Specification © Square Cell Catalyst
B Initial Solid Temperature & General Catalyst
B Type Specification i
[ Friction — Square Cell Catalyst
B Discretization l— 5
=@ Catalyst Physical Properties el JER) d
B2 Thermal Conductivity - T Wall Thickness mrn
B Specific Heat - Table The input of the <Washcoat Thickness> is moved fo the page <Washcoat>
B8 Mass Transfer Multiplier
=@ Heat Loss —General Catalyst
B External Heat Transfer C.
= [i
B Environment Temperatur Efp [FamEL AT (7Y
=@ Variable Wall Temperatu Hydraulic Unit
B Ambient Temperature ~ Diameter
B8 Radiation Sink Tempe r Area
& Convection Coeflicien
=B Washcoat Hydraulic Diameter 58.25 | mm
B [1]: My_Layer l—
=@ [1]: My_Reaction RERLE =]
o) Diesel Oxidation Cata Geometrical Surface Area (GSA) 68.669528 1/m =
il Three Way Catalyst |
o) Steady SCR -
a 5 Apply | Accept | Help |

Fig. 4.5 Optiunea TYPE SPECIFICATION
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Catalyst Type Specification

General Catalyst

Open Frontal Area (OFA)

Hydraulic Unit
Diameter

Geometrical Surface Area

Pas 3. Optiunea FRICTION

Click pe subgrupul Friction si introduceti urmatoarele valori (figura 4.6):

58.25 mm
68.669528

y x
Catalyst Q{)K
-t Catalyst = a8 Cancel

B General
=@ Initialization
B Initial Solid Temperature
B Type Specification
- @ Friction
B Turbulent - Table
B Discretization
=@ Catalysi Physical Properties
B2 Thermal Conductivity - T
B8 Specific Heat - Table
B Mass Transfer Multiplier

@ Heat Loss —
B External Heat Transfer C
B Environment Temperatui
=@ Variable Wall Temperatu
B Ambient Temperature
B8 Radiation Sink Tempe
B8 Convection Coefficien
=@ Washcoat
B [1] My_Layer
=@ [1]: My_Reaction
=B Diesel Oxidation Cata

=B Three Way Catalyst_lll
4 »

Friction

Friction Specification ¢+ Target Pressure Drop ¢ Coefficient

— Target P Drop

Inlet Massflow 0024 kass
Inlet Temperature 600 degC
Iniet Pressure S

|6-1 bar

Target Pressure Drop

Aftertreatment Analysis mode:
Only the specification via
<Friction Coefficient= is used!

Cycle Simulation mode: For
laminar friction coefficient b
only the default value (b=-1) is.

— Coeffici

supported!

Lainar = a - Re”

Cosfiicienta  [B4 H
Cosficientn |1 H
Turbulent H
Friction Mulfiplier

Apply | Accept | Help |

Help

Fig. 4.6 Optiunea FRICTION

Friction Specification

Target Pressure Drop

Inlet Massflow
Inlet Temperature

Inlet Pressure

Target Pressure Drop

Pas 4. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

Pipe 7 Inflow
Pipe 7 Outflow
Pipe 8 Inflow
Pipe 8 Outflow

Target Pressure Drop
0.024 kg/s
800 degC

1.1 bar
0.1 bar

1

1
1
1

38



INJECTOR

Accesul la campurile necesare parametrizarii elementului injector (Injector) din
cadrul modelului general se efectueaza prin efectuarea unui click pe element.

Se acceseaza optiunile din meniu si se introduc datele prezentate in cele ce

urmeaza.

Pas 1. Optiunea GENERAL

Click pe subgrupul General si introduceti urmatoarele valori (figura 4.7):

Injection Method Continuous MASS FLOW

Pas 2. Optiunea MASS FLOW
Click pe subgrupul Mass Flow si introduceti urmatoarele valori (figura 4.8):
Air Fuel Ratio 14
Injector Model Injection Nozzle
Air Flow taken from

Measuring Point Measuring Point 1
The Inject Covers 100 % of the Total Air Flow
_ox |
T3 Injector e = Cancel
- @ General
& Distillation Curve Author | 2P

Mass Flow . T I

B Species Options

B Flow Coefficients Result Name | Date|
Injection Method * Continuous  Intermittent ﬁ
Reference Cylinder [Cylinder 1 =
Injeciion Angle (rel. io FTDC) |7180 deg ‘o =0l e =
Injetior Rae/Duration Sstings  |Rate [
Delivery Pate |5.011 kyls
Injeciion Duration |6.02 s
Fuel Filn Formation and Evaporation Spacification
Fuel Film Thickness |6.03 wn
Fuel Filrm Liguid Density |?50 P
Fraction of Fugl in Wallfilm |5.5 H
Filrn=Wall Termperature taken from |Measuring Point 1 7l
Evaporation Multiplisr |1 H | |
Shape Multiplisr |1 H -]

Apply | Accept | Help |

Fig. 4.7 Optiunea GENERAL
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| >

. Cancel
“ Injector : .,
B General Mass Flow Specification .
ER Distillation Curve & Rt o P
B Mass Flow + Ratio Control ¢ Direct Control

E Species Options
B Flow Coefficients Ratio Control

Ratio [14 H
Injector Model - " Carburettor
@ Injection Nozzle (Continuous Injection)

Air Flow taken from Measuring Point ‘Measunng Point 1 j
The Injector Covers [100 % of the Total Air Flow
Apply | Accept | Help |

Fig. 4.8 Optiunea MASS FLOW

Pas 3. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

Injector 1
from Pipe 3 to Pipe 4 1
from Pipe 4 to Pipe 3 1

SYSTEM BOUNDARY
Prin accesarea acestui camp de parametrizare se vor defini “granitele” modelu-
lui: zona de admisie si zona de evacuare. Accesul la fiecare zona se realizeaza

printr-un click pe elementul din cadrul modelului necesar a fi parametrizat.

Pas 1. Optiunea GENERAL
Click pe subgrupul General ->Standard -> Boundary Type (figura 4.9).

A %
OK |

System Boundary

~t System Boundary =2 Cancel |

General

B General Hel |
—-B8 Boundary Conditions P
& Pressure - Table Author |

B Gas Temperature - Table
B3 Fuel vapour - Table
B Combustion Products - Tap  Result Name | Date
B Ratio Value - Table
B Gas Mass Fraction
Ed Flow Coefficients
=B Acoustic Source I” Save Energy and Mass for Backflow

Transmission Loss

= Linear Acoustics Boundary Type: + Standard
& mpedance " Anechoic Termination
Ed Pressure

B Volume Flow 7 Acoustic Source
B Source Characterization

Comment |

I~ End Correction -
! B0 popy | Accept | Hep |

Fig. 4.9 Optiunea GENERAL
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Pas 2. Optiunea BOUNDARY CONDITIONS
Click pe subgrupul Boundary Conditions si introduceti valorile din tabelul 4.1:

Tabel 4.1 Conditiile de initializare

Set Pressure Temperature | Fuel Va- Combustion A/F Ratio
(bar) (degC) pour (-) Products (-) )
SB1 1 20 0 0 10000
SB 2 1 120 0 1 14
Selectati Local Boundary->Conditons si Set 1 din meniul Preference (figura
4.10):

System Boundary

“t System Boundary
B General
- B8 Boundary Conditions
B8 Pressure - Table
B Gas Temperature - Tabl
B8 Fuel Vapour - Table
B8 Combustion Products - T
Eg Ratio Value - Table
BB Gas Mass Fraction
B3 Flow Coefficients
=] Acoustic Source
Transmission Loss
= Linear Acoustics
B Impedance
B8 Pressure
B8 Volume Flow

I B8 Source CharacterlizatirTILl
4 »

~| Boundary Conditions

—& Local Boundary Conditions

Pressure

T
o . dege

Gas Temperature

Preference [Set 1 j Updale|

I~ | li{zss Fraction At

Fuel Vapour I(_] ~ [
Combustion Produclsla o H

Ratio Type IA/F - Ratio =]

_ Ratio Value 10000 = H

-

Apply | Accept | Help |

oK |
Cancel |
Help |

Fig. 4.10 Optiunea BOUNDARY CONDITIONS

Pas 3. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

SB 1
Pipe 1
Inflow
Outflow

SB 2
Pipe 11
Inflow
Outflow

1.00
1.00

0.98
0.98
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PLENUM
Prin accesarea acestui camp de parametrizare se vor defini volumele de com-
pensare ale modelului (Plenum). Accesul la fiecare volum se realizeaza printr-un

click pe elementul din cadrul modelului, necesar a fi parametrizat.

Pas 1. Optiunea GENERAL
Click pe subgrupul General si introduceti valoarea de (1.8 litri) pentru parame-

trul Volume pentru fiecare element Plenum din model (figura 4.11).

A7 x

OK
2 Plenum = ﬂ

General

B General =
Connection Definition 4|
B Initialization Author |

--B8 Flow Coefficients
B3 Pipe 8 Inflow - Table
8 Pipe 8 Outflow - Table Result Name | Dale
B8 Pipe 9 Inflow - Table
B8 Pipe 9 Outflow - Table

Comment |

B3 Pipe 12 Inflow - Table " I—
Volume -
8 Pipe 12 Outflow - Table EgiEly DEllie ]
Wall Heat Transfer
5] Linear Acoustics — Volume:
B Inlet Impedance Volume 18 1

B3 Outlet Impedance

— Diameter and Length
Langtn Iﬁ rara -
Diarneter Iﬁ T

T~ Wall Heat Transfer |
Apply | Accept | Help |

Fig. 4.11 Optiunea GENERAL

Pas 2. Optiunea INITIALIZATION
Click pe subgrupul Initialization si selectati Global Initialization pentru fiecare
Plenum din model. Selectati optiunea Set 1 din meniul Preference (figura 4.12).

L
X

Plenum LI
_ cancel |

12 Plenum ~| & Global Initialization | Cancel
@ General Preference Set 1 -
[ Connection Definition | Help
B Initialization Pressure 0.969 bar

-8 Flow Coefficients Temperature 20 degC
BB Pipe 8 Inflow - Table

Ed Pipe 8 Quiflow - Table
B8 Pipe 9 Inflow - Table Fuel Vapour o
Ed Pipe 9 Ouiflow - Table
Ed Pipe 12 Inflow - Table
B8 Pipe 12 Outflow - Table AF-Ratio 10000
B wall Heat Transfer
= [@ Linear Acoustics

Combustion Products 0

- Apply | Accept | Help |

P I I,

Fig. 4.12 Optiunea INITIALIZATION
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Pas 3. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

Plenum 1

Pipe 8

Inflow 0.98
Outflow 0.98
Pipe 9

Inflow 0.98
Outflow 0.98
Pipe 12

Inflow 0.98
Outflow 0.98
Plenum 2

Pipe 9

Inflow 0.98
Outflow 0.98
Pipe 10

Inflow 0.98
Outflow 0.98
Plenum 3

Pipe 10

Inflow 0.98
Outflow 0.98
Pipe 11

Inflow 0.50
Outflow 0.50
Pipe 12

Inflow 0.98

Outflow 0.98



RESTRICTIONS

Pas 1. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

Restriction 1
from Pipe 2 to Pipe 3
from Pipe 3 to Pipe 2
Restriction 2
from Pipe 4 to Pipe 5
from Pipe 5 to Pipe 4
Restriction 3
from Pipe 6 to Pipe 7
from Pipe 7 to Pipe 6

PIPES

0.98
0.98

0.98
0.98

0.98
0.98

Pas 1. Optiunea GENERAL
Click pe subgrupul General pentru deschiderea ferestrei de lucru (figura 4.13).

Pentru fiecare conducta din cadrul modelului introduceti datele din tabelul 4.2. Valoa-

rea initiala de (100000 mm) este utilizatd pentru caracterizarea parametrului general

Bending Radius. Tn subgrupul Initialization, selectati Global set din meniul Prefe-

rence.

2 Pipe
- B General
B8 Diameter - Table
B8 Hydraulic Diameter - Table
Bl Hydraulic Area - Table
B8 Bending Radius - Table
B8 Lam Friction Coeff - Tablg
B8 Friction Coefficient - Table
B8 Surface Roughness - Tablg
B8 Friction Multiplier - Table
B Heat Transfer Factor - Tabl
B8 Wall Temperature - Table
- Initialization
Ed Pressure - Table
B8 Gas Temperature - Table
B8 Fuel Vapour - Table
B8 Combustion Products - Tab
B8 Ratio Value - Table
=B Variable Wall Temperature
BB Ambient Temperature - Tal
B8 Radiation Sink Temperaturg
B8 Convection Coefficient - Ta
Linear Acoustics
B Absorptive Material

< | 2l

ppelength [/ mm

Diameter B . mm

I" Hydraulic Setting Hydraulic Unit " Diameer O AEa
Hydraulc Diameter [ mm
Hytlrawlic Arsa [ rome

I Bent Pipe Bending Radiz  [100000 | mm

Lam Frction Coett. B4 [

Turbulent Friction @ Coefficient ¢ Surface Roughness

Friction Coefficient  [0.019 =IE

SurscsRoughness 01| mm

Frctonmutpier [T | [

[~ Absorptive Material

Gas/\Wall Heat Transfer Re-Analogy j
Healt Transier Coefficient | WHM"2.K)
Heat Transfer Factor 1 = [

Wall Temperature |54-55 - degC

[~ Variable Wall Temperature

I~ | Chiemistiy, [Mone j

appy | Accept | Hep |

Fig. 4.13 Optiunea GENERAL

B

[<]

OK |
Cancel |
Help |
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Tabel 4.2 Caracteristicile elementelor Pipes

Pipe No. Pipe Diameter | Friction Heat Wall Global Inititi-
Length Coeff Transfer Temp alization
(mm) (mm) () ©) (degC)
Pipe 1 75 54 0.019 1 20 Setl
Pipe 2 48 47 0.019 1 20 Setl
Pipe 3 32 34 0.019 1 20 Set 1l
Pipe 4 72 34 0.019 1 20 Set 2
Pipe 5 140 34 0.019 1 20 Set 2
Pipe 6 60 31 0.019 1 520 Set 3
Pipe 7 380 TABLE 0.019 1 520 Set 3
Pipe 8 400 TABLE 0.019 1 420 Set 4
Pipe 9 280 40 0.019 1 260 Set4
Pipe 10 100 37 0.019 1 260 Set4
Pipe 11 150 48 0.019 1 90 Set 4
Pipe 12 250 10 0.019 1 260 Set4

Deoarece conductele 7 si 8 sunt atribuite elementului catalizator, acestea nu

au un diametru constant pe toata lungimea lor (vezi forma constructiva a unui ele-

ment catalizator) si de aceea trebuie definite cu ajutorul functiilor de parametrizare

tabelare (tabelul 4.3).

Pentru aceasta se face click pe simbolul V¥, iar la deschiderea sub meniului se

selecteaza optiunea Table (figura 4.14). Pentru activarea campurilor de introducere a

datelor de mai jos se selecteaza optiunea Insert Row.

e | > |
i - - Ccancel
ST PI =
ny .pgenem, General
i Hel

B8 Diameter - Table P
B8 Hydraulic Diameter - Tak Author |
B8 Hydraulic Area - Table e I
Ed Bending Radius - Table ;
B8 Lam. Friction Coeff. - Ta Result Name | D Diameter Table
B8 Friction Coefficient - Tab e | i) |
B8 Surface Roughness - Ta _
B Friction Multiplier - Table Pipe Length  [380

E8 Heat Transfer Factor-T
B8 Wall Temperature - Tabl
= @ Initialization

B8 Pressure - Table

B8 Gas Temperature - Tabh
B8 Fuel Vapour - Table

Ed Combustion Products - T
B Ratio Value - Table

1|7 »

Diameter

™ Hydraulic Setting Hyeraulic Un

I~ Bent Pipe

Apply |

Table -
Hydraulic Diz
Hydraulic Area =B f”
Bending Padius 100000 | | mm | /
Accept | Help | = /'

Fig. 4.14 Optiunea GENERAL — selectarea optiunii Table
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Tabel 4.3 Functiile de parametrizare tabelare

Pipe No. Location X Diameter Y

(mm) (mm)
Pipe 7 0 31
70 35
380 35
Pipe 8 0 35
70 31
400 31

MEASURING POINT

Introducerea punctelor de masurare si monitorizare in cadrul unui model apare
ca si o necesitate in achizitia unor parametrii specifici, pentru analiza suplimentara a
acestora (pe langa valorile reiesite din simularea modelului).

in cazul de fata ne intereseaza care este variatia coeficientului de umplere (sau
randamentul volumetric) in cadrul unui ciclu functional al motorului cu aprindere prin

scanteie studiat.

Pas 1. Optiunea GENERAL
Click pe subgrupul General si introduceti urmatoarele valori (figura 4.15 si ta-
belul 4.4):

s} MP7 - Data = B
. " OK
Measuring Point —I
. N Cancel
“t Measuring Point Q
General
B General Help |
Author |
Comment |
Result Name | Date|
Located in Pipe 7 (length 0.38 m)
Location of Measuring Point from Upstream Pipe End |120 mm
Output Extent :
* Standard
" Extended
Apply | Accept | Help |

Fig. 4.15 Optiunea GENERAL
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Tabel 4.14 Amplasarea punctelor de masurare

Measuring Point Location of Measuring Point Output Extension
from Upstream Pipe End (mm)
Measuring Point 1 75 Standard
Measuring Point 2 0 Standard
Measuring Point 3 0 Standard
Measuring Point 4 140 Standard
Measuring Point 5 0 Standard
Measuring Point 6 0 Standard
Measuring Point 7 120 Extended
Measuring Point 8 300 Standard
Measuring Point 9 400 Standard
Measuring Point 10 0 Standard

Reference Point for Volumetric Efficiency
Selectati optiunile Simulation -> Volumetric Efficiency pentru deschiderea fe-

restrei de lucru. Selectati Measuring Point 2 ca si element de referinta.

Rularea simularii computerizate (Run Simulation)

Selectati optiunile Simulation -> Run din meniul de baza sau click pe butonul

din bara de instrumente » pentru deschiderea ferestrei de lucru (figura 4.16).

=] BOOST - model-1-mas - Case 1 of Case Set 1 - C
Programs File Edit Model Simulation Optimization Options  Utilities  Help AVL#:"
b= A% @ [ -] k< / AROOEAL
Dlﬂ + X P Hpm] Q . i z"’ = T EJE| Parameter Values
Elements | Model | Run Simulation] 172/20 6667 [pf]
|7 Elements = j
.Cylinder
9 Engine R2 It R1 CL
% Mechanical Consumer b
s Vehicle

(& Rotary Piston Engine Rotor
X Weasuring Point
{> Dummy
[ Aftertreatment Pipe
=7 Boundaries
|- system Boundary
|- Afertreatment Boundary

e o . ct g e

-} Internal Boundary
| =

c\Usersicalin_000\Documents\Curs\anagement Motoare Autovehicule TransportiLaboratoriboostimodel-1-mas. bwf loaded!

Fig. 4.16 Optiunea RUN SIMULATION

E1

Cases: selectati toate cazurile de simulare (all Cases), sau doar un caz particular

care intereseaza (figura 4.17).
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= Run Data
Run Mame: model_k9k_combustion 2016-02-16 11:53:59

[E] Tasks:
¥ Model Creation
W Cycle Simulation
all.Case 1 " Creation of Series Results

Cases:

<]

all.Case 2 Run Name: model-1-mas 2016-02-16 11:56:15
all.Case 3

all.Case 4 s

all.Case 5 ne to filter

all.Case & Case Set 1.Case 1
all.Case 7

BN YX
r Computing Resources

b Advanced Options
b Preprocessing Log

W1

] | Cancel J | Help
[

Fig. 4.17 Optiunea RUN SIMULATION

Tasks: selectati ca fiecare caz sa contina seturile de date necesare a fi analizate si
rezultate Tn urma procesului de simulare (all Tasks: Model Creation, Cycle Simula-
tion, Creation of Series Results — necesar cand se simuleaza functionarea motoru-
lui la diferite turatii sau in diferite regimuri de functionare).

Selectati cazul necesar a fi rulat (simulat).

Optiunea Select All permite ca toate cazurile considerate sa fie active (si sa fie
simulate). Pentru inceperea efectiva a procesului de simulare click pe butonul Run,
iar in fereastra ce se va deschide se poate urmari desfasurarea si informatii supli-
mentare privind procesul de simulare (figura 4.18).

Odata cu finalizarea procesului de simulare faceti click pe butonul OK pentru
iesire din aceasta fereastra de lucru, iar dupa aceea, alegeti optiunea Close pentru
iesirea din fereastra de lucru Simulation Status (figura 4.19).

La sféarsitul sesiunii de lucru, toate operatiile efectuate conform cu algoritmul de
lucru al laboratorului se salveaza folosind comanda din meniul programului Save As

| Save.
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o Wl bl ke &N | Monitor k [Q model-1-mas 2016-02-16 11:56:15
—

Iv

Task Status Progress

Run Project Model Case Set

1 model-1-mas z Laborator

_.E LW gjo\ Search logfile...

Cycle Simulatic running

model-1-mas | Case Set 1

» Laborator » model-1-mas *» model-1-mas 2016-02-16 11:56:15 » Case Set1 »

Queue time 2016-02-16 12:03:14
Start time 2016-02-16 12:03:116
3676 Finish time 2016-02-16 12:03:32

Life time 16 sec

completed
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|[__ Ignore case J- 4

Log file name: |Simu|ation

Cycle IMEF [bar] of cylinder 3
compl.

9 .
10 .
Successful finish fo -mas.bst

Case Sets

Fig. 4.18 Derularea procesului de simulare

Case Set1

> DR Q, Tyoe tofitter...

Q, |Tvpe to filter...

Case Set Status Case Status Progress

1 Case Set1 completed 1 Case1

completed

Fig. 4.19 Incheierea procesului de simulare
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Laborator 5:
Procesarea si analiza rezultatelor ob-
tinute prin simulare

Scop
e Procesarea grafica si prezentarea datelor obtinute, pentru integrarea lor ulteri-

oara in cadrul unui raport de cercetare.

Obiective educationale si de formare a competentelor
e Formarea abilitatilor de utilizare a programelor de post-procesare in vederea
afisarii, analizei si interpretarii datelor obtinute prin simulare computerizata;

o Tnsu§irea de competente in realizarea unui raport de cercetare.

Prezentarea lucrarii

Lucrarea de laborator nr. 5 prezinta posibilitdtile de exploatare a rezultatelor
obtinute in urma simularii computerizate, prin utilizarea programului specific de post-
procesare Impress Chart (integrat in pachetul de programe AVL AST).

Se prezinta detaliat functiunile disponibile, modalitatile si metodele de afisare,
prezentare, analiza si interpretare a datelor, in scopul includerii ulterioare a acestora

in cadrul unui raport de cercetare legat de tema studiata.

Desfasurarea lucrarii

Aplicatiile practice din cadrul acestei lucrari de laborator se vor baza pe (vor
utiliza) datele obtinute in urma simularilor efectuate pe baza exemplului de model din
cadrul Laboratorului de Simulare Computerizata. Completarea lucrarilor aplicative
propuse 1n cadrul acestui laborator se va efectua conform algoritmului de lucru pre-

zentat in cele ce urmeaza.
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Procesarea si afisarea grafica a rezultatelor

Utilitarul Impress Chart este utilizat pentru post-procesarea datelor obtinute

prin simularea programelor continute in pachetul software AVL AST (inclusiv pentru

programul AVL BOOST). Accesul la functiunile acestui utilitar de post-procesare se

poate realiza Th mai multe moduri:

1. Prin actionarea butonului |

procesului de simulare;

a“ din bara de unelte, imediat dupa terminarea

2. Prin accesul la meniul programului (optiunea din meniul Impress Chart: Si-

mulation -> Show Results) (figura 5.1);

3. Prin acces la meniul de la start a pachetului de programe AVL AST (optiu-
nea din meniu de start AVL AST: Impress Chart) (figura 5.2).

Programs File Edit Model | Simulation Optimization QOptions Utiliies Help AVL ¥
= Run... — — | —1
e B S
I L" H = AN Delete Files in Case Directary }’ Jz (@] E= A =l | - | D 4
Status.. =
g I
Dla - + WG R Contral = Parameter Values
Volumetric Efficiency...
Elements - 7153 [p]
| Mode | TestBed Conditions...
|7 Elements Create Series Results 3
@ Cylinder Show Summary
£ Engine Show Resulls... l|.1 R1 2 CL1 ; SB1
& WMechanical Consumer Show Audio 4 |E
s Vehicle Show Messages 4
MP3
(@ Rotary Piston Engine Rotor Show Animation 4 MP2 P1
Show Transformed Elements 3
¥ Measuring Point | P4 £
{> Dummy Import Results 13
View Lodfile... ’—|
< Jn -
I s
| =

C\Users\calin_000\Documents\Curs\Management Motoare Autovehicule TransporfiLaboratoriboostimodel-1-mas bwf loaded! |

Fig. 5.1 Meniul Simulation — Show Results

AVL ADVANCED
SIMULATION TECHNOLOGIES

Methods and Tools for Next Level Simulation Solutions

v2014.1
Software Administration
Software Documentation
Design Explorer
IMPRESS Chart
IMPRESS xD
SpaceClaim Engineer

FS
= e
j BOOST ;; CRUISE 3 EXCITE E FIRE® =4

Fig. 5.2 Meniul AVL AST — Impress Chart
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Pentru exemplul aplicativ, utilizdnd modelul de motor cu aprindere prin scanteie
simulat, din bara de unelte se deschide utilitarul Impress Chart prin accesarea icon-

ului corespondent (figura 5.3).

Programs  File Edit Model Simulation Optimization Options  Utilit]
)l 9K o 1 I @ (oo [+ [ h |1 = A S [~ > B
DL L, i, + i) (i i{}J.p."’EQQ 3 i f? ’fj:_j x Parameter Values
Elements | mogel | 198/24 [p1]
=7 Elements - B

@ cylinder

£ Engine

% Mechanical Consumer

way Vehicle

(& Ratary Pistan Engine Rotor
¥ Measuring Point
1= Dummy
] Aftertreatment Pipe
—-|_7 Boundaries
| system Boundary
| Aftertreatment Boundary
-} Internal Boundary
= Transfer
+ Restriction
[&] Throttie

A Rotary Valve v
J I :
Data Checker I =
|

c:\Users\calin_000'\Documents\Curs\Management Motoare Autovehicule TransportiLaboratoripoostimodel-1-mas.bwf loaded! [

Fig. 5.3 Icon-ul Show Results

In fereastra deschis& existd urmétoarele zone de lucru specifice (figura 5.4):

1. Zona de afisare a rezultatelor simulérii (bazele de date rezultate in urma si-
mularii);

2. Zona de lucru (de inserare grafica a rezultatelor, zona Layer-elor);

3. Bara de meniu (Menu Bar (a), Icon Toolbar (b), Plot Object Toolbar (c)).

IMPRESS Chart - noname (Modified) - Page 1 of 1 = B
= A E -| 12 |=| B I B

=11 I 2 I 155.575/131.586 [mm]

Report Results |Templa.les | Operalionsl

&Load & Reload XDelete ™ Model View |

I I Layer_1
|- Results 1 100 w
-z Laborator
== ] model-1-mas &
-2 Case_Set_1.Case_1.simulation.dir e
< [ Transients i = | |
+-7 Traces - 40
20
0 T M T
Q 20 40 50 100

80
X Axis ()

C\Usersicalin_000\Documents\Curs\iManagement Motoare Autovehicule TransporiLaboratoriboostimodel-1-mas Case_Set_1 Case_1/simulation dirResults ppd [

Fig. 5.4 Fereastra Impress Chart
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Pentru accesul la rezultatele (seturile specifice) obtinute in urma simularii com-
puterizate (pentru intregul model si/sau pentru fiecare element component al modelu-
lui) se face dublu click pe linia din zona 1 a ecranului ce afiseaza cazul de simulare
considerat (Case_Set_1 Cae_1 simulation.dir).

Se vor deschide doua directoare (baze de rezultate): Transient si Traces (fi-
gura 5.5).

Rezultatele simularilor computerizate ce se doresc a fi afisate grafic se aleg din
cele doua baze de rezultate, in functie de urmatorul specific:

e Transients: contine rezultate ale simularilor raportate la timp (s) pe abscisa
graficului (valorile medii ale totalitatii ciclurilor de simulare executate de pro-
gram si setate initial de utilizator).

e Traces: contine rezultate ale simularilor raportate la unghiul de rotatie al arbo-
relui cotit (deg) — valorile rezultate in urma simularii ultimului ciclu de simulare

din totalitatea acestora.

4 47 IMPRESS Chart - noname (Modified) - Page 1 of 1
Eile Edit Miew Insert Report Page Layer File Edit View Insert Report Page Layer Options  Help
| L:\_? H = x o0 EE] \‘i‘\ 100 1Y H = x o0 EE] @‘" 100% | v k / / R O D po A E

@OOQ I =N AIROOO Tl b =N AR A NG S v rammseriaues

Report Results | Templates | Operations | Report Results | Templates | Operations | ‘Layer_1', Parameterhame = L1
L:{r Load | Reload J& Delete [ Model View \"Load | Reload K Delete [ Model View
Li
== Laborator =y Results = 100
= = | model-1-mas =-{=r Laborator w0
= @) Case_Set_1.Ca dir == ] model-1-mas
cRr Transienlsw -I-& Case_Set_1.Case_1.simulation.dir e

#-[21 Engine 1 #-{=7 Transient: Gl
=3 Cylinder 1 -l | Traces ;E_ 40
=7 AirCleaner 1 1 [=] Engine
+{] Catalyst 1 +-[1 Cylinder 1 20
+-7 Plenum 1 +-[ AirCleaner 1
- Plenum 2 #-[ Catalyst 1 | ol T -
1 [1 Plenum 3 +-[] Plenum 1
1 21 MeasuringPoint 1 +-[*7 Plenum 2
=+ [ MeasuringPoint 2 #-{] Plenum 3
#{1 MeasuringPoint 3 [ MeasuringPoint 1
=1 MeasuringPoint 4 1 [21 MeasuringPoint 2
#-{1 MeasuringPoint 5 +-[21 MeasuringPoint 3
#-{] MeasuringPoint & #-[1 MeasuringPoint 4 J

C\Usersicalin_000\Documents\Curs\WManagement Motoare ANC:\Wsers\calin_000\Documents\CursiManagement Motoare Autovehicule TransportilaboratoriboostVmodel-1-mas. Case_!

Fig. 5.5 Bazele de rezultate: Transient si Traces

Primul pas in afisarea datelor sub forma de grafice este inserarea formei de
baza a ferestrei grafice (a Layer-ului) asa cum este prezentat in figura 5.6.

Dimensiunile geometrice ale ferestrei grafice (a Layer-ului) se pot modifica prin
selectarea initiala a acestuia (click pe Options — Layer Packing).

Din fereastra Layer Packer se pot modifica caracteristicile Layer-ului si anu-
me: directia de orientare (Direction), numarul de linii si coloane (Num), alinierea la

margini (Margin), respectiv spatierea (Spacing) (figura 5.7).
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File Edit View Inse Layer Cumve 1T | Options Help

@ o[- h X/ AROOEAKE | (= |7
’\1 f“i é_ %[% $ W/ Parameter Values

g

ations | ‘Layer_1', Parameterhame = L1 0.352778/3.175 [mm]

B II%

=7 Results
=I-|=» Laborator
== ] model-1-mas
& Case_Sel_1.Case_1.simulation.

60
X Axis ()

Inseram un nou Layer pentru
incarcarea graficelor

Fig. 5.6 Inserarea Layer-ului

File Edit View |nsett Report Page ==
O Ee X o
OO L -
Report Results | Templates | Operations |
@Load a' Reload J& Delete [ Model View

Cupe Terord [Opfions) Help
GUI Options...
(B\ Frame

A

Frame Definitions.

WK

Monochrome Mode

Case Curve Styles

Units...
- Setlings

|»
g

= Resulis
= =] model-1-mas
=& Case_Set_1.Case_1.simulation dir

+-+ Transients

£+ Engine 1

+-[] Cylinder 1 20 Right Margin |£_28.222222 mm
+-[7 AirCleaner 1 .

Top Margin |§57222222 mm
« 3 Catalyst 1 _ o H [PLLETY
+-{1 Plenum 1 Bottom Margin 'm e
+-127 Plenum 2
+-{ Plenum 3 Horizontal Spacing |§4,694-444 mm
+-{ MeasuringPoint 1 _ e
+-[] MeasuringPoint 2 Vertical Spacing [31- mm

#*

-1 MeasuringPoint 3
+-[1 MeasuringPoint 4

7.40833/72 3194 [mm]

Direction: ¢ Horizontal & Vertical Apply
4= Close
=[=v Laborator a0 T RS |3—
— Help
e ] Num Columns |1 4|
P 80
. = Traces T Left Margin [P5-277778 | mm __ Defauts_ |

B I [

4o MeasurinnPnint & |
|C:\WUsers\calin_000\Documents\Curs\Management Motoare Autovehicule TransporfiLaboratoriboostUmadel-1-mas.Case_Set_1.Case_1/simulation.difResults.ppd

l:]kll

Fig. 5.7 Modificarea dimensiunilor Layer-ului

Pentru afisarea unui numar mai mare de parametrii, sau a unor serii multiple de

rezultate se vor introduce mai multe pagini, sau mai multe seturi de pagini. Acestea

se introduc actionand butonul Report din zona de afisare a rezultatelor simularii prin

comanda Page Set pentru un nou set de pagini, respectiv Page pentru o pagina no-

ua (figura 5.8).
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Eile Edit View Insert Report Page Options  Help
1Y E e X g @ (oo -] N [C / AROOEA K [ Zi> B L
DO S S| LB m A sl b & v Parameter values
Report | lates | Operations | (]
:c;?fPageSet ﬁ-;_‘_F'age I g % B 100 Layer_1
Page 1013 | B
[=» Report (3 Pages, 3 printable) \ 804
i3 Page 1 of 3
5 [ Page Set Reset (Clear Curve DR
s Page20f3 Make (Restore Curve — 80
L Page3of3 cut '
=z
Copy > ap
Paste
Delete
20 |
Insert Page Set
Insert Page
Replace Result Cases... 0 T T T T
o 20 40 80 80 100
] X AXS () B
[ |

Fig. 5.8 Inserarea paginilor / seturilor de pagini

Pentru anumite seturi de simulari existe modele predefinite pentru grafice
(BOOST Templates) care se incarca actionand butonul Templates din zona de afi-
sare a rezultatelor simularii (figura 5.9).

Eile Edit View |Insert Report Page Options  Help

S Ee K @ [ o) (N R A AROOEAS [va o) -)B LI
QOO T E .. ’ &5 v Parameler Values
Report | Resuts  Tempiates | operations | 584/385 [p]
+-[1 General Templates ;l =

R
+-[1 EXCITE Power Unit Templates o o
+ [7 EXCITE Piston and Rings Templates
+-[*7 EXCITE Timing Drive Templates
1 BOOST Hydsim Templates.
-{=r BOOST Templates
| Diesel_TCl BMEP_Torgue Power BSFC
7] Diesel_TCI_IntakeReciever_Turbinelnlet
] Diesel_TCI_TCEff_PFP
7] Diesel_TCI_VoIEf_AirExcessRat_PMEP
[T] Linear_aAcoustics_Transmissioninsertion_L:
7] NA_AirDeliveryRat_ExcessAirCoeffl_PFP_P
[T] NA_BMEP_Torque_Power_BSFC
|T] PDBFluidReportBoostRT_1
7] PDBFIuidReportBoostRT_2 : o o0 o 100
7] PDBSolidReporiBoostRT_1 Engine Speed [ rpm]{-)
F I T PNRSnlIARenntRnnetRT 2 I _;'LI 100 |

o HY - /Dom. xx Cyl- NA BxS

@
a
I

Torque [Nm ] (-}

BMEP [ bar ] (-}
- B & B
1

b5

CAAVLAWSW2014. T\appliclientsiboostlibtemplatesiDiesel_TCI_BMEP_Torque_Power_BSFC.pp2 loaded!

Fig. 5.9 Modele predefinite pentru grafice (BOOST Templates)

Pentru realizarea graficelor exista doua tipuri de Layer-re:
e Cartezian in coordonate X/Y, caracterizat de urmatoarele elemente: axa de co-

ordonate X, axa de coordonate Y, Colorbar, Data Marker, Data Reader,
Statistics, etc.) prezentata in figura 5.10.

e Polar In coordonate ®/R caracterizat de urmatoarele elemente: axa radiald R,
axa @, Statistics, etc.) prezentata in figura 5.11.
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Layer_1

oF—— T T T T T T T T T
i} 20 40 80
K Axis (-)

Fig. 5.10 Layer cartezian in coordonate X/Y

Layer_1
0
W 80 .
é &0 300 - 80
3 40
B
L 20
240 120
210 150
180
Title (-)

Fig. 5.11 Layer polar in coordonate ®/R

Accesul la proprietatile unui Layer se realizeaza prin una din urmatoarele pro-
ceduri (figura 5.12):
e dublu click pe fereastra Layer-ului
e click dreapta pe fereastra Layer-ului si selectati Properties din meniu (selectati

Meniu Bar — Layer — Properties)

General | Type | Meas. | Tille| Name | Param.

rElements

vV Left-Axis v Border v Legend

v Bottom-Axis [~ Background [ Data Reader
[ Right-Axis v Title v Data Marker
I~ Top-Axis I~ SubTitle [~ Cursor Reader

I~ Major Order Lines [~ Statistics
[~ Minor Order Lines [~ Colorbar
[~ Use Colorbar for Curve Colors

Fig. 5.12 Proprietatile Layer-ului

56



Layer-ele de tip cartezian pot fi implementate in trei variante diferite (figura
5.13):

General Type | Meas. | Tille| Name | Param.

~Layer Type
 Regular Parameter|

 Fringe (Campbell) Y—Axis|
™ nverse FhngE
Iv | terEElate Alane s

I~ | InnlEx Eased (el At Alumg) reis

" Waterfall Angle |30
Offsat |20

L LinEarn

! Lagarithmmic

[~ Auto-Generate Linked Layers

Fig. 5.13 Tipuri de Layer-e carteziene

e Regular — graficul este reprezentat in coordonate X/Y (figura 5.14a);

e Fringe (Campbell) — graficul este reprezentat prin interpolarea unui parametrul
indicat pe axa Y (figura 5.14b);

e Waterfall — graficul este prezentat sub forma de cascada pentru a evidentia
efectul cumulativ al secventelor de date cu valori pozitive sau negative (figura
5.14c);

e Stacked — graficul este reprezentat prin insumarea punctelor de pe grafic dupa

un model liniar sau logaritmic (figura 5.14d).

Afisarea rezultatelor in fereastra grafica
Pentru accesul la datele rezultate prin simulare se deschid directoarele Tran-
sient sau Traces. In cazul nostru vom dori s& realizam o reprezentare grafic (varia-
tia) a presiunii n cilindru pe parcursul unui ciclu motor.
Rezultatele se transpun pe grafic (Layer) cu dublu click pe parametrul care se

doreste analizat (figura 5.15).
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Fig. 5.14 Grafice construite pe tipuri de Layer-e carteziene:

a —regular, b — Fringe (Campbell), c — Waterfall, d — Stacked
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Eile Edit ¥iew Insert Report Page Options  Help

N EHe X e QIwwj@ / ZAROOE A & [we -] [ -] B L[

‘i W/ Parameter Values

SO L &

Report Resulis |Templal$ | Operallonsl 3.175/106.186 [mm]
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c\Wsersicalin_000\DocumentsiSimulation\Model Renaulfiboostymodel_k9k_combustion.all Case_1isimulation. dirResults ppd

Fig. 5.15 Rezultatele simularilor computerizate

Daca se doreste ca in cadrul aceluiasi Layer sa fie reprezentate grafic variatia
a mai multor parametri se vor efectua urmatoarele operatii:

e Se insereaza Layer-ul 1 si prin deschiderea ferestrei de definire a proprietatilor

(selectare Layer -> dreapta click -> Properties), se modifica forma acestuia
(figura 5.16).

File Edit Yiew lnsert Repor Page Layer Options  Help
1 H® X% e wl] yZ/AROOEAL ~ [ -B LB
DOOD Gl B EN A A RS @ rarametervanes
Report | Resultsl Templates | Operations | ‘Layer_1' ParameterName = L1 32 8083/20 1083 [mm)]
= r :‘; -- 9 S . -
creasese [ Thae || 9K oo 21 Lver 1
3 er
Page 8 of 8 | L . o yer_
v Report (8 Pages, 8 printable) Copy
3 Page10f8 80 Paste
--{=r Model Renault model_k3k_combustion all. Case_ — Delete
[ Page2of8 v e
i Page3of8 N Order '
|5 Pagedof 8 > Rotate »
[3Page 5o " Align s
| PageGof &
| Page7of8 Style...
< 0 ————— T 1
s Pagegofs o Zoom In 40 &0 80 100
Zoom Qut X Avis ()
Select 3
‘ | ~l L=
c\Usersicalin_000\DocumentsiSimulation\Model Renaultiboostvmodel_k9k_combustion all. Case_1isimulation difResults ppd |

Fig. 5.16 Inserare Layer 1

e Se selecteaza Layer-ul 1 si se insereaza un nou Layer (Layer 2). La fel ca si
in cazul precedent se vor defini proprietatile Layer-ului 2.
In mod analog se vor insera inca doua ferestre grafice (Layer-ele 3 si 4), se

vor defini proprietatile acestora (figura 5.17).
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Fig. 5.17 Inserare Layer 2, 3 si 4

Odata finalizate toate aceste operatii, se vor putea reprezenta pe acelasi grafic
(figura 5.18) curbele (variatiile) corespunzatoare presiunii in cilindru (Pressure), a
temperaturii (Temperature) si a volumului de amestec din cilindru (VolumeWork)
pentru cazul de simulare deja studiat (marcare Layer cu simplu click si click pe fieca-

re parametru ce se doreste a fi afisat).
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Fig. 5.18 Inserare rezultate simulare Multi-Layer

In situatia in care sunt inserate mai multe categorii de rezultate pe acelasi gra-
fic, pentru a corela dimensiunile marimilor de pe axa Y, suprafata utila a Layer-ului

poate fi redimensionata in raport cu Layer-ul de referinta (Layer 1) (figura 5.19).

60
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Fig. 5.19 Redimensionare Layer

Schimbarea proprietatilor axelor (a intervalului de masura)

Se observa in figura 5.15, variatia presiunii din interiorul camerei de ardere pe
parcursul unui ciclu motor. Specialistii Tn motoare termice prefera o alta reprezentare,
reprezentare care pune accentul (se prezinta detaliat) pe zona de crestere a presiunii
datoritd procesului de ardere a combustibilului.

Pentru a realiza acest lucru se procedeaza in felul urmator:

Din meniul Operations alegeti optiunea Geometric Transformation;
Selectati curba de presiune (Pressure Cylinder (Pa) (Layer_1));

Introduceti in cdGmpul Translated by valoarea de (X =-360 deg, Y = 0);

Confirmati operatiunea prin butonul Apply to (figura 5.20).

File Edit View Insent Repot Page Layer Curve Options  Help
MR X s @ o B/ /ARODE Al w o -|BIE
== =T A
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I~ Show All Curves
I” Delete Parameter Curves

Fig. 5.20 Optiunea Geometric Transformation
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Din meniul Operations alegeti optiunea Cyclic X Shift;

Selectati curba de presiune (Pressure Cylinder (Pa) (Layer_1));

Introduceti valoarea de (360 deg) in campul Add to X;

Confirmati operatiunea prin butonul Apply to (figura 5.21).
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Fig. 5.21 Optiunea Cyclic X Shift

Astfel intervalul de masura se transforma din intervalul (0, 720) in (-360, 360)
grade RAC), iar zona de crestere a presiunii din cilindrul motor datorita procesului de

aprindere si ardere este situata in zona de mijloc a ecranului (figura 5.22).
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Fig. 5.22 Graficul presiunii in intervalul transformat
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Modificarea proprietatilor curbelor de variatie

Sunt cazuri in care datoritd multitudinii curbelor afisate in aceiasi fereastra gra-
fica (Layer) sunt necesare delimitari/particularizari ale fiecarei dintre curbe prin tipul,
grosimea si culoarea liniei de reprezentare.

Modificarea aspectului graficelor obtinute se realizeaza prin efectuarea unui

click dreapta pe foaia activa de lucru, apoi click pe comanda Style (1) si se va des-
chide fereastra Colors and Styles (2) (figura 5.23).
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Fig. 5.23 Modificarea aspectelor graficelor

Exportarea datelor afisate grafic

Daca se doreste analiza si interpretarea rezultatelor obtinute in urma simulari-
lor computerizate in alte utilitare de post-procesare, acestea se pot exporta intr-un
format compatibil Excel cu optiunea Layer -> Export -> Ascii (CSV)... (figura 5.24):
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c\Users\calin_000\Documents\Curs\Management Motoare Autovehiculs TransportiLaboratoriboostVmodel-1-mas.Case_Set_1.Case_1/simulation.divResults.ppd |

Fig. 5.24 Exportati rezultatele simularilor computerizate
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Instrumente de analiza statistica

Utilitarul Impress Chart ofera functiuni de utilizare a metodelor de analiza sta-
tistica a curbelor (variatiilor grafice). Astfel, se pot identifica si masura o serie de pa-
rametrii statistici ce prezintd importanta in analiza parametrilor functionali ai unui mo-
tor cu ardere interna pe durata unui ciclul motor: valoarea medie, minima si maxima,
cantitatea totala, valoarea specifica pentru o valoare ceruta a axelor graficului.

Creati un Layer nou in care sa reprezentati curba de variatie a ratei de caldura
eliberate prin arderea combustibilului (ROHR — Rate Of Heat Release) (figura 5.25).

T

File Edit View Inset Report Page Layer Options  Help
| B IIE

N Ee X Ee @ ) k|E/ AROOEA
@@6@ :::Em‘%“ %Mi a%é&@ W Parameter Values

Report Results | Tempiates | Operations | ‘Layer_1', ParamelerName = L1 209.197/72.3194 [mm]

[ anal ¥ |12 |

@Load w Reload X Delete [ Model View

Layer_1
X: [Defautt (CRANKANGLE)

‘  RatefieatRel Cylnder 1 (Jiceq ]

L
g

3

. TempRise =
. Enthalpy
~v Entropy
~v SpecHeatConstvol
~v SpecHeatConstPre J
~v GasConstantMixture
== Combustion
" RateHeatRel
~v RateHeatRelEff
~» Net Rate of Heat Release 0 b

T T T T T T
~u RateHeatRelNorm -400 -200 -200 -100 0 100 200 300 400

4 UpatTranctar = CRANKANGLE (deg) E
c\Users\calin_000\Documents\Curs\Management Motoare Autovehicule TransportiLaboratoriboostymodel-1-mas.Case_Set_1.Case_1/simulation.difResults ppd | |

Fig. 5.25 Curba de variatie a ratei de caldura eliberate ROHR
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RateHeatRel {Jideg)
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Pentru obtinerea datelor statistice referitoare la curba reprezentata, se modifica
proprietatile graficului construit din optiunea click dreapta pe zona de lucru a graficu-
lui Properties -> Layer Properties -> General (figura 5.26):
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Fig. 5.26 Curba de variatie a ratei de caldura eliberate ROHR
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In fereastra Layer Properties se adduga urmatoarele elemente de monitoriza-
re a parametrilor studiati:

Data Reader — Cursor Reader — Statistics — Colorbar (figura 5.27)
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Fig. 5.27 Exportati rezultatele simularilor computerizate

In exemplul prezentat se poate observa c& valoarea maximé a ratei de caldura
eliberate datorita arderii combustibilului are o valoare maxima de 58.8296 J/deg, iar
cantitatea totala eliberata pe parcursul unui ciclu motor este de 1.8281 J/deg (figura
5.28).
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Fig. 5.28 Valorile parametrilor monitorizati

La sfarsitul sesiunii de lucru, toate operatiile efectuate conform cu algoritmul de
lucru al laboratorului se salveaza folosind comanda din meniul programului Save As
/ Save.
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Laborator 6:

Implementarea elementelor de mana-
gement, comanda si control (ECU) in
modelele numerice

Scop
e Crearea, parametrizarea si simularea unui model complex de motor cu ardere

interna ce are in componenta elemente de management, comanda si control.

Obiective educationale si de formare a competentelor
e Formarea abilitatilor superioare de utilizare a metodelor numerice moderne de
investigare a proceselor functionale ale motoarelor cu ardere interna;
» Insusirea de competente avansate in procesele de modelare si simulare com-
puterizata;
« insusirea de cunostinte privind elementele de management, comanda si control

din componenta motoarelor cu ardere interna.

Prezentarea lucrarii

Lucrarea prezinta algoritmul de utilizare a programului de modelare si simulare
AVL BOOST in implementarea unor elemente de management (ECU), comanda si
control in structura unui motor monocilindric cu aprindere prin scanteie. Se prezinta
detaliat modul de modificare a modelului de motor supus simularii, precum si a mo-
dului de parametrizare a fiecarui element nou din structura modelului utilizat in simu-

larea computerizata.
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Desfasurarea lucrarii

Lucrarea de laborator nr. 6 se desfasoara prin parcurgerea algoritmului prezen-
tat in cele ce urmeaza, in scopul realizarii unei aplicatii practice de inserare a unui
modul electronic de comanda (ECU) in modelul unui motor monocilindric cu aprinde-
re prin scanteie (MAS).

Rolul ECU in cadrul modelului general a motorului monocilindric cu aprindere
prin scanteie, este acela de a asigura permanent un raport de dozaj egal cu valoa-
rea de 11, pentru toatd gama de turatie a motorului. In functie de semnalul pe care
ECU il receptioneaza de la clapeta de acceleratie (Restriction 1 — R1) va determina
durata semnalului de deschidere a injectorului (Injector 1 —1 1).

Particular, in cazul ce urmeaza a fi prezentat, se va utiliza modelul de motor
deja construit prin parcurgerea etapelor prezentate in cadrul laboratoarelor 3 — 5,

conform algoritmului ce urmeaza a fi prezentat:

Pas 1. incarcarea modelului de motor monocilindric
Modelul de motor monocilindric se incarca in zona de lucru, prin alegerea opti-
unii din meniul programului File -> Open sau prin accesarea butonului din bara de

unelte corespunzator optiunii Open/Load (figura 6.1).
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Fig. 6.1 Incarcarea modelului de motor monocilindric
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Pas 2. Inserarea in model a elementului ECU

Alegerea unui element corespondent modulului de comanda si control ECU (fi-
gura 6.2) se realizeaza cu ajutorul mouse-ului (dublu click pe element in zona de
identificare a elementelor “Element Tree”). Pentru pozitionarea in cadrul modelului
deja incarcat in zona (fereastra) de lucru, se selecteaza elementul (simplu click), se
mentine apasat butonul stang al mouse-ului si se muta elementul acolo unde se do-

reste (figura 6.3).
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Fig. 6.2 Selectarea elementului de comanda si control ECU
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Fig. 6.3 Inserarea elementului de comanda si control ECU in zona de lucru
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Pas 3. Conectarea elementului ECU cu modelul

Conexiunea dintre elementul ECU si modelul de motor monocilindric se reali-
zeaza prin selectarea optiunii “Connection” din bara de unelte (figura 6.4), iar prin
conexiune se ataseaza elementelor conectate (se selecteaza capetele conexiunii Si
se conecteaza cu elementele specifice, unind ancorele elementelor). In cazul de fata
elementul ECU 1 va fi conectat cu urmatoarele elemente ale modelului de motor:
Restriction 1 (clapeta de acceleratie), Cylinder 1 (cilindru motor) si Injector 1

(injectorul amplasat in galeria de admisie) (figura 6.5).
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Fig. 6.4 Conectarea elementului ECU cu modelul de motor monocilindric
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Fig. 6.5 Conexiunile cu elementele modelului de motor
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Conexiunile realizate apar cu linii de culoare albastra deoarece sunt conexiuni

electrice.

Pas 4. Setari Generale ECU

Dublu click pe elementul ECU pentru editare. Click pe optiunea General (figura
6.6).

Selectati optiunea de introducere tabelara a variatiei semnalului (Load Signal -
> Table). Introduceti valorile de mai jos (tabelul 6.1) pentru realizarea unei variatii a

semnalului in functie de timp (figura 6.7).

" " OK
Engine Control Ur; 4|
15 Engine Control G | \ = Cancel
% B General (Modied) =] »
B8 Load Signal - Table P
B8 Desired Engine Speed - Ta|  Author | \\
=B Map Specification ETOTE I
Maps Flow Chart
Result Name | Date|
% Load Signal Table |
- Constant
Desired Engine Speed
Speed Control Gains \J
- progortional Airpm
 integral [ aroms
- diffarantial sirpin
Load Signal Basa Valus Fl H
Dynamic Functions Activated for :
- positive load changes greaterthan [ | 158
- negative load changes smallerthan | | 1/
Freguency Control Cyclic j —
Timesiep E 5 |
. [ Apply Accept | Help |

Fig. 6.6 Setarile generale ECU

Tabel 6.1 Variatia semnalului

Nr. Time (x) Load Signal (y)
(sec) ¢

1 0.00 0.50

2 0.40 0.50

3 0.45 1.00

4 1.00 1.00
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z " OK

Engine Control Unit 4|
o X § Cancel

~5 Engine Control Unit Load Signal —I

= W General Help
B Load Signal - Table - -
B Desired Engine Speed - Ta Time (x) | Load Signal (YM
=8 Map Specification 5 5]
Maps Flow Chart 1o 0.5 /
2 o4 0.5 [ 4
3 045 1 AN
4 |1 1 \
5 Store
—
05 —— |_0ad Signal (-}
09
nD.35—
;E 0.8
2075
ENEE
Jueﬁ—
e
0.554
0sd ; . t<0.41 sec LS=0.5
[ 02 e / t>0.41 sec LS=1
r [ Apply Accept Help repaus

acceleratie

Fig. 6.7 Tabelul Load Signal

Pas 5. Engine Control Unit - Map Specification

Click pe optiunea Map Specification. Inserati in randurile tabelului elementele

controlate si comandate de ECU. In cazul nostru Restriction 1 si Injector 1 (figura
6.8).

A X
Engine Control Unit ﬁ
a Cancel |
:J Fin%gi :rl;?"ol unit Map Specification
B8 Load Signal - Table &I
B8 Desired Engine Speed - Ta
2 e SR (el i) Element Actuator Cha
B Maprs. Flow Chart 1 |Restriction 1
£} [1]: list
o[ 2 |un@Snnected Flow Coefficient
3 |ugfonnected
ylinder 1 4
Global 5
Injector 1 I
Pipe 1
Pipe 10
Pipe 11 9
Pipe 12 10
Pipe 2
Pipe 3 Insert row and node < I
Pipe4 Remove row and node ~N
Pipe 3 Note: Channel Values are interpreted according the Units specified in
Pipe 6 Chapter 8.2. Available Channel Data.
"
4 J 3] _’| Apply | Accept | Help
ipe 9
Restriction 1

Fig. 6.8 Optiunea Map Specification — inserarea elementelor
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Faceti click pe butonul de acces la meniu si alegeti parametrul de defineste fie-
care element controlat si comandat de ECU elementul (optiunea necesara). Pentru
Restriction 1 (coeficientul de curgere — Flow Coefficient) iar pentru Injector 1 (ra-
portul de dozaj — A/F Ratio) (figura 6.9).

z . OK |
Engine Control Unit
“ Engine Control Unit = - Cancel |

=B General Map Specification

Hel
B Load Signal - Table 4["

B8 Desired Engine Speed -
- B Map Specification
Maps Flow Chart
=@ [1]: R1 - Flow Coefficient
& Baseline Map
E Maximum Map
[ Minimum Map
= W [2]: 1 - A/F Ratio
& Baseline Map
E Maximum Map

M M -
a & Minmum apI _’|—I Apply Accept Help

Element Actuator Channel
Restriction 1 Flow Coefficient
Injector 1 A/F Ratio

"‘JO’OI&-@N-I

Fig. 6.9 Optiunea Map Specification — definirea parametrilor

Pas 6. Engine Control Unit — Maps Flow Chart

Click pe optiunea Maps Flow Chart. Se va deschide ecranul in care este pre-
zentat modul de compunere si functionare a ECU pe baza hartilor specifice procese-
lor functionale ale motorului (figura 6.10). In timpul introducerii datelor necesare pa-
rametrizarii variabilelor luate in considerare va fi semnalat pe aceasta diagrama locul

in care se realizeaza setarile.

y x
z B OK
Engine Control Unit 4|
- Cancel
13 Engine Control Unit — 4|
Ao Maps Flow Chart
- B General Help
E8 Load Signal - Table l
B Desired Engine Speed - Ta . 2
=+E8 Map Specification SR EHIE| = — ——y
B Maps Flow Chart
= 8 Maps i lacceleration | comrected
=W [1]: R1 - Flow Coefficient ki allie
[E Baseline Map Irnap 1
E Maximum Map
& Minimum Map Bl L Hmin Ymin  Hmax Ymax
=@ [2] 1 - A/F Ratio v MED
[El Baseline Map sy +e
steady
B Maximum Map Yb___ +r. < state
E Minimum Map sie‘a\dy iRl aximun
i Hdect Yeleet
steady value l l =5 iRtz
gfg;m steady deceleration
map state correction output
correction rap 1 value
rrap 1
+ =
Hel el deceleration ==
=
N [ 5] Apply | Accept | mep |

Fig. 6.10 Optiunea Maps Flow Chart
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Pas 7. Engine Control Unit — R1 Input of Maps

Click pe optiunea R1 Input of Maps. Selectati pentru meniul Baseline Value

optiunea Map pentru parametrul R1 Flow Coefficient (figura 6.11).

15 Engine Control Unit
=B General
E2 Load Signal - Table
B8 Desired Engine Speed - Ta
- B Map Specification
E Maps Flow Chart
- @ []: R1 - Flow Coefficient
[E Baseline Map
& Maximum Map
& Minimum Map
= @ [2]: 11 - AIF Ratio
[E Baseline Map
& Maximum Map
& Minimum Map
[E Steady State Map[1]: ste

‘Corrections: Steady Stat
(If you want maps use right mouse button on tree item to add maps

— Corrections: Positive Load Chang

- Lag Time for Correction on |1 5 0ﬁ|1

- Time Constant for Correction on |1 s 0ﬁ|1

If you want maps use right mouse button on tree item to add maps

— Corrections: Negative Load Chang

- Lag Time for Correction on |1 5 0ﬁ|1 5

- Time Constant for Correction on |1 s 0ﬁ|1 ]

If you want maps use right mouse button on tree item to add maps

Fig. 6.11 Optiunea R1 Input of Maps

Pas 8. Engine Control Unit — R1 Flow Coefficient Baseline Map
Click pe optiunea Baseline Map. Introduceti datele din figura 6.12, pentru defi-
nirea pozitiei de deschidere a clapetei de acceleratie (pozitie definita prin coeficientul

de curgere) in functie de anumita valoare a semnalului (Load Signal).

Engine Control Unit

=1 Engine Control Unit Baseline Map = ﬂl
-B General -
Element Sensor Channel —I
BB Load Signal - Table none ‘| none | = E c
EH Desired Engine Speed - T3 ﬂ B
=B Map Specification B Clobal |speed ]
[A Maps Flow Chart
=@ [1]: R1 - Flow Coeflicient 1 \/ = |
[E Baseline Map | ‘ 2L | ‘ Insert Row
B Maximum Map 0
Remove Row
[ Minimum Map Speed (rpm) o~ ) _
=@ [2]: N - A/F Ratio 1 0.5 0.08 Insert Col.
[E Baseline Map 2 1 085 \ | Semove Col
E Maximum Map 3 =
B Minimum Map 2 Load
[E Steady State Map[1]: ste 5 Store

T T T T T T
07 078 08 088 08 085 1
Speed (rom)

T T T
05 055 06 065

|

Flow Coefficient Baseline Map

Fig. 6.12 Optiunea R1
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Click pe optiunea Maximum Map si introduceti datele din figura 6.13.

" . OK
Engine Control Unit 4|
; - Cancel
“t3 Engine Control Unit . Q
4 B General Maximum Map -
B Load Signal - Table Element | Sensor Channel * P
BR Desired Engine Speed - Ta X | none \ none
--E8 Map Specification Y | none ‘ none
E Maps Flow Chart
~ @ [1]: R1 - Flow Coefficient 1 ‘ 3 | 5 ‘
[E Baseline Map none
= Insert Row
[E Maximum Map |0 | ‘ | —_
g B e R — et
=] -
Insert Col.
[E Baseline Map g 0 1 (‘ |
B Maximum Map L Remove Col.
& Minimum Map L Load
B Steady State Map[1]- ste 4
5| Siore |
« | _>|J
al | _’l Apply | Accept Help

Fig. 6.13 Optiunea R1 Flow Coefficient Maximum Map

Click pe optiunea Minimum Map si introduceti datele din figura 6.14.

" . OK
Engine Control Unit 4|
; - Cancel
“t3 Engine Control Unit R Q
4 B General Minimum Map -
B Load Signal - Table Element [ Sensor Channel ‘ ' ﬁ
BR Desired Engine Speed - Ta X | none \ none
--E8 Map Specification Y | none ‘ none
E Maps Flow Chart
~ @ [1]: R1 - Flow Coefficient 1 3 | 5
[E Baseline Map none \nsert Row
[E Maximum Map |0 | | —_
.-erll‘I‘II.ITI Map T A Ry Remove Row
= B2} 1 - AF Ratio i o o & | Insert Col.
[E Baseline Map \§
B Maximum Map L Remove Col.
& Minimum Map L
Load
B Steady State Map[1]- ste 4
5 Siore: =
« | _>|J
al | _’l Apply | Accept Help

Fig. 6.14 Optiunea R1 Flow Coefficient Minimum Map
Pas 9. Engine Control Unit —I1 Input of Maps

Click pe optiunea 11-A/F Ratio. Selectati pentru meniul Baseline Value optiu-

nea Actual Value pentru parametrul 11 A/F Ratio (figura 6.15).
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Engine Control Unit

-1 Engine Control Unit
- B General
B8 Load Signal - Table
B8 Desired Engine Speed - Ta
-1 B8 Map Specification
Maps Flow Chart
--@ [1]: R1 - Flow Coefficient
B Baseline Map
E Maximum Map
E Minimum Map
- @ [2]: 1 - A'F Ratio
& Baseline Map
B Maximum Map
E Minimum Map
B steady State Map[1]: ste

Fig.

Input of Maps

Baseline Value: ¢ Actual Value
 Map

Corrections: Steady Stat
’7” you want maps use right mouse button on tree item to add maps ‘

— Corrections: Positive Load Chang

- Lag Time for Correction 0n|1 5 off|1 5
- Time Constant for Correction 0n|1 5 off|1 s

If you want maps use right mouse button on tree item to add maps.

— Corrections: Negative Load Chang

- Lag Time for Correction or||1 s off|1 s
- Time Constant for Correction on|1 ] off|1 s

If you want maps use right mouse button on tree item to add maps

6.15 Optiunea 11 A/F Ratio Input of Maps

Click pe optiunea 11 A/R Ratio -> Maximum Map si introduceti datele din figura 6.16.

Engine Control Unit

2 Engine Control Unit
- B General
B8 Load Signal - Table
B8 Desired Engine Speed - Ta
=B Map Specification
B Maps Flow Chart
-~@ [1]: R1 - Flow Coefficient
[E Baseline Map
B Maximum Map
B Minimum Map
5 B [2] 1 - AIF Ratio
[E Baseline Map
[E Maximum Map
E Minimum Map

E Steady State Map[1]: sie_

Maximum Map

Element | Sensor Channel |
X_ none | none
Y none | none
1 | 2z | 3 |
Ll Inseri Row
i Loembe |
| | Remove Row
none A (-)
1] o 15 & | Insert Col.
2 N Removz Col.
8| e - _|;|
,

Fig.

6.16 Optiunea 11 A/F Ratio Maximum Map

Click pe optiunea 11 A/R Ratio -> Minimum Map si introduceti datele din figura 6.17.

Cancel

“2 Engine Control Unit
- B General
B8 Load Signal - Table

--E Map Specification
B Maps Flow Chart
-~@ [1]: R1 - Flow Coefficient
[E Baseline Map
B Maximum Map
B Minimum Map
=B [2]: 1 - AIF Ratio
[E Baseline Map
B Maximum Map
[E Minimum Map

_ o |
o _ome |
)

ER Desired Engine Speed - T3 X

Minimum Map
Help

Element Sensor Channel |
none | none
Y none | none
1 e | s |
none Inseri Row
lo | | | Remove Fow
none A (-) ——
il 8 L ] Insert Col.
JL N Remove Col
3 [ ~
—mmy

B Steady State Map[1]: ste

Fig. 6.17 Optiunea |1 A/F Ratio Minimum Map
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Faceti dreapta click pe optiunea 11-A/F Ratio si alegeti din meniul deschis

Steady State Map: Insert. Se creeaza o noua hartd in cadrul ECU pentru a com-

pensa/corecta diferenta raportului de dozaj ce exista intre zona in care are loc injec-

tia de combustibil si cel din interiorul cilindrului (figura 6.18).

B Desired Engine Speed - Ta Element

| Sensor Channel

F F oK
Engine Control Unit 4|
- Cancel
-2 Engine Control Unit . —
[ General Correction Map for Steady State -
B8 Load Signal - Table Correction Type |addition j p

--B Map Specification X | none

| none

Maps Flow Chart
-[@ [1]: R1 - Flow Coefficient _Y_[Cylinder 1
& Baseline Map
B Maximum Map

|AF-Ratio

AT
none Insert Row

E Minimum Map
=@ [2]: 1 - AF Ratio 0
. Remove Row
A Baseline Map AFRatio (-) et
B Maximum Map 1 8 ~| Inseri Col.
E Minimum Map 2 9 0 Remove Col
[E Steady State Map[1]: ste = 3 10 0 —
Load
L4 ] |105 0 _ ftoad |
g 11 0 - Store
1.5
14
05
oood -
0.5
RE
-1.5 T T -
< | f
1 | ﬂ Apply | Accept | Help

Fig. 6.18 Optiunea 11 A/F Ratio Steady State Map: Insert

Click pe optiunea I1 A/R Ratio -> Steady Step Map si introduceti urmatoarele
date in tabelul A/F Ratio (tabelul 6.2):

Tabel 6.2 Variatia semnalului

Nr. A/F Ratio A/F Ratio (corectie)
1 8 1.2
2 9 0.8
3 10 0.5
4 10.5 0.2
5 11 0.0
6 11.5 -0.2
7 12 -0.5
8 13 -0.8
9 14 -1.1
10 15 -1.3
11 18 -1.5

Nu uitati sa apasati butonul Apply pentru ca datele deja introduse (si setarile

astfel realizate) sa fie salvate ! inainte de a porni simularea salvati modelul !
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Pas 10. Click pe optiunea Simulation Controls -> Globals ->Time Step Control
Setati parametrul Maximum Calculation Period la o valoare arbitrara de 50
cicluri motor (Cycles) (figura 6.19).

Simulation Control / Globals

oK
“ Simulation Control . i = Cancel
N Cycle Simulation

Simulation Tasks
_ ® Cycle Simulation 2
=] Classic Species Setup
Air Humidity
B Initialization — Mon-Engine Application
=B General Species Setup ference Speed
B Initialization R = e
B Convergence Control Reference Cycle Type CI 2 5tale
Restart Control ) A cinalke o
B Output Control
FIRE/CFD Link Control
Aftertreatment Analysis
= Linear Acoustics

B save — Simulation Interval
B Initialization End of Simulation |50 cycle(s)
E User Defined Parameters

Apply Accept | Help |

Species Transport  |Classic j

) Eotary Biston Engine

Fig. 6.19 Parametrul Maximum Calculation Period

Pas 11. Click pe optiunea Simulation -> Run (figura 6.20)

Urmati pasii si indicatiile prezentate in cadrul laboratorului 5. Odaté cu finaliza-
rea procesului de simulare faceti click pe butonul OK pentru iesire din aceasta fe-
reastra Task Information/Simulation Status (figura 6.21).

Programs File Edit =~ -7c0t Model Simulation Optimization Options Utilities Help
M Ee Koo 2R & el k| /A AROOE A [E (v e BB
ch (S + [ONO] LQ_(J _J \\pl 5’3 O\ E L'= ? I Parameter Values

Elements | Model | 124 167127 5 [pt]

-

=7 Charging
[H Turbocharger
@ Turbine
[} Turbo Compressor
(3 Positive Displacement Compresso
[l Pressure Wave Supercharger
3 Waste Gate
IS Electrical Device
=7 External
4F Fire Link
&) User Defined Element
8 CFD Link
& Cruise Link
— | Control
B Engine Control Unit
& MATLAB (R)DLL
. MATLAB (R} API
& Engine Interface
{= PID-Controller
Z Formula Interpreter

Monitor _'ﬂ
< |+ «|

[v]|[ECU1 - Data: No Errors
c\Usersicalin_000\DocumentsiCurs\Management Motoare Autovehicule Transporf\Laboratoriboostimodel-1-mas-ecu.bwf saved!

Fig. 6.20 Optiunea RUN SIMULATION
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+ model-1-mas-ecu » model-1-mas-ecu 2016-02-24 21:23:44 » Case Set1 » Case1 » Cycle Simulation

Status completed Queune time 2016-02-24 21:23:46
Status message Start time 2016-02-24 21:23:48
ProcessiGrid ID 6352 Finish time 2016-02-24 21:24:29
CPU Time Life time 41 sec

0 R W RN B N RRRRTANRRRN R MORRONIW

Log file name: |Simu|ati0n IvJ

ISR, Q|Q Search logfile |' lgnore case JJ 4

~—
{5

9
9
9
9.
9.
9
9
9
9

Successiul finish for model-l-mas-ecu.bst

Fig. 6.21 Finalizarea procesului de simulare

Pas 12. Click pe optiunea Simulation - Show Results

Urmati pasii si indicatiile prezentate in cadrul laboratorului 5 (figura 6.22).

File Edit VWiew Insert Report Page Layer _ur= =icd Options Help
IR ) . — = e
N E e Xk @ [w] k7 //ROOEAE | e - BIE
= : | N = AN |
QOO L. B ENMA A RS 7 raameyaues
Report Results | Templates | Operations | ‘Layer_1'. Parameterlame = L1 48 3306/140.053 [mm]
|Load @ Reload I Delete T Model View
Layer_1
[ Results - o0 w
=+ Laborator
== ] model-1-mas a0
== ] model-1-mas-ecu
=2 Case_Set 1.Ca ir
- Transients e
=7 Engine 1 ; P
=27 Cylinder 1 >
=23 ECU1
=7 AirCleaner 1
=27 Catalyst 1 20
=2 Plenum 1
-7 Plenum 2
0 T T — T T
& [ Plenum 3 0 20 a0 & 20 100
#-[] MeasuringPoint 1 X AXis (<)
=7 MeasuringPoint 2
=7 MeasuringPoint 3 ~| -
c\Wsersicalin_000\Documents\Curs\Management Motoare Autovehicule TransportiLaboratoriboostymodel-1-mas-ecu.Case_Set_1.Case_1/simulation.dirResults...

Fig. 6.22 Optiunea Simulation - Show Results

Deschideti pe rand folderul Engine 1 si dupa aceea folderul Transients (din
zona de acces la datele simularii). Selectati parametrul ce defineste axa X de coor-
donate ca fiind End of Cycle (figura 6.23).
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File Edit View Insert Report Page Layer Options  Help

N HeX4Br @ ]yl //ROOEA
@ @ o @ ! L "i‘: ’\1 f){ i ég__ *% L% Q W Parameter Values
Report ResunslTemplam' Ope,.amm;' 'Layer_1', ParameterName = L1 0.352778/70 9083 [mm]

@Load a Reload & Delete [~ Model View
X ‘Endorcyc\e‘ﬂme,Engine 1 Transients

aa [ |-|B I

3

+= ] model-1-mas
== ] model-1-mas-ecu
-1 & Case_Set_1.Case_1.simulation.dir o
—- | Transienis ]
—-|=» Engine 1 lé

@ ENdOfCycleTime
e Use as X-Axis ( I

L L

~u CycleAverageds)

~» CycleFrequency Use Default X-Axis N\
~u CyclePeriod Load.. ; ; n ; ;
. AmbientPressure Reload 20 40 ) 80 20 100
~u AmbientTemperat X Auxis (-}
v PeakFiringTempe! Delete Laver 2
~, PeakFiringTempe Load GIDASEX File... —
v InjectedFuelMass Load GIDAS File...
v Convergence Losd ASCII File.
-1+ Start of Hiah Pres:
g I Model View ;I
c\Users\calin_000\DocumentsiCursiManagement METOATE AUTGVERTCOTE Transpom aboratoriboostymodel-1-mas-ecu Case_Set_1.Case_1/simulation divResults_ [ | I

Fig. 6.23 Definirea coordonatelor pentru axa X

Introduceti in pagina de lucru 3 ferestre de afisare grafica (Layer-e separate).
Incarcati in fiecare dintre aceste:
e Layer 1 Transients/Restriction 1/AttachedPipe 2/FlowCoeff (figura 6.24);
e Layer 2 Transients/ECU1/Load Signal (figura 6.25);

e Layer 3 Transients/Cylinder 1/Start of High Pressure/UnBrnd-Air/Fuel-Ratio (fi-
gura 6.26).

File Edil View Insert Report Page Options  Help
L s K o @ [ ) [ M £ 4/ ARODE A & [ (- B L
Y 1o Nl =RV E Sy pm—"
Report  Results | Templates | Operalionsl ARSI 2 [T
\Load (@ Reload K Delzte I Model View ﬂ
X |EndOnycleﬂme.Eng|ne 1.Transients ’ De Layer_1
oed ‘— FlowCoeff Restriction 1 (-}
4 [1 MeasuringPoint 8 059
+-[7 MeasuringPoint @ —g.58 ]
+-[7 MeasuringPoint 10 0573
+ [ SystemBoundary &0
+#-{7 SystemBoundal go s
-z Restriction 1 Cossd
[z AttachedPi 053
i 052
" MassFlow 051 , . . . , . .
v Velocity 0 0.2 04 0.8 08 1 12 1.4 16
= AftachedPipe 3 EndOfCycleTime (s)
+-[1 Restriction 2
5 Restriction 3 o Layer_2
41 Fuellnjector 1
# Pipe 1 = 0]

c\Usersicalin_000'Documents\Curs\Management Motoare Autovehicule TransporfiLaborator\boostVmodel-1-mas-ecu.Case_8et_1.Case_1/simulation.diResulis._ I

Fig. 6.24 Rezultatele pentru Flow Coefficient of R1
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File Edit ¥iew Insert Report Page == ¢ 7 Options Help
M E s X o6 100 Q-Ew /A ROLOLE A E [~ b= Bl

e L=
Report Resulis |Templales| Operalionsl 124.531/202.142 [mm]

: : u.52§ — |
B’Load & Reload JK Delete [ Model View 0.51 T T T T T 1

" 08 1 12 1.4 168
X |EndOrCycle‘ﬂme,Engme 1.Transients j CycleTime ()

oy TS “ W Parameter Values

+-1 GasExchange

+- Gas-Wall HeatTransfer
+-{+1 Combustion
-1+ Performance

Layer_2

LoadSignal ECU 1 (=)

a
b
1

a
@
1

. LoadSignal
= AirCleaner 1 J

Loadsignal (-}
I
T

a
[N
1

=+ Catalyst 1

=+ Plenum 1

=+ Plenum 2 o . . ; | ‘ | ‘
o oz 04 086 03 1 1.2 1.4 18

=+ Plenum 3 .

=7 MeasuringPoint 1 EndOfCycleTime (s)

i Layer_3
M Point 2 - —
=7 MeasuringPoin = 100 T 1 -

c\Usersicalin_000\Documents\Curs\Wanagement Motoare Autovehicule TransportilaboratorboostUmodel-1-mas-ecu Case_Set_1 Case_f/simulation ditResults [ |

Fig. 6.25 Rezultatele pentru Load Signal of ECU1

File Edit ¥iew Insert Report Page == ¢ 7 Options Help
Dds X lo0 Q-Ew /Z7ROOEA & [we [ B LE
e L=
Report  Results | Templates | Operations | 171.097/293.864 [mm]
| Load | Reload K Deleie [ Model View | -

T T T T 1
X |EndOnycIe‘ﬂme,Engme 1 Transients mnme (;) 12 14 1.8

oy TS “ W Parameter Values

~u SHP-Totalmass Layer_3
~v SHP-AIrmass ] |— UnBrnd-Air/Fuel-Ratio Cylinder 1 (-}
~v TotalResidualGasCont, =
~ UnBrnd-Air/Fuel-Ratio w77
~u Brnd-Air/Fuel-Ratio 0 163
~v Unbrnd-AirExcessRatio 515-
~v SHP-FuelBurnedmass =14
#-[1 GasExchange 1137
#-[1 Gas-Wall HeatTransfer .,E 12
#-[1 Combustion 513
+-[] Performance 10 . : : . . . .
+-[] AttachedintakePipe 5 0 0.2 0.4 06 0.8 1 12 14 16
+-[] AttachedExhaustPipe 6 EndOICycleTime (s)
-3 ECU1
=7 AirCleaner 1 - =

c\Usersicalin_000\Documents\Curs\Wanagement Motoare Autovehicule TransportilaboratorboostUmodel-1-mas-ecu Case_Set_1 Case_f/simulation ditResults [ |

Fig. 6.26 Rezultatele pentru A/F Ratio of Cylinder 1
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Laborator 7:

Modelarea si simularea unui motor po-
licilindric cu aprindere prin comprima-
re. Constructie model si parametrizare
generala motor.

Scop
e Crearea, parametrizarea si simularea unui model de motor cu aprindere prin

comprimare policilindric.

Obiective educationale si de formare a competentelor
e Formarea abilitatilor de utilizare a unor metode moderne de investigare a pro-
ceselor functionale ale motoarelor cu ardere interna;
o Insusirea de competente avansate in procesele de modelare si simulare com-

puterizata.

Prezentarea lucrarii

Lucrarea prezinta algoritmul de utilizare a programului de modelare si simulare
AVL BOOST in modelarea unui motor cu aprindere prin comprimare policilindric. Se
prezinta detaliat modul de realizare a modelului de motor supus simularii, precum i

a modului de parametrizare a fiecarui element component al modelului.

Desfasurarea lucrarii

Lucrarea de laborator se desfasoara prin parcurgerea algoritmului prezentat in
cele ce urmeaza, in scopul realizarii unei aplicatii practice de modelare a unui motor
policilindric cu aprindere prin comprimare.

Modelul se construieste prin plasarea elementelor componente in interiorul zo-
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nei de lucru si interconectarea lor prin intermediul elementelor de conectare “Pipes”.
Nu este necesara o ordine prestabilitd de amplasare a elementelor sau a pozitionarii
lor exacte in interiorul zonei de lucru.

Alegerea unui element component si amplasarea lui se realizeaza prin efectua-
rea cu ajutorul mouse-ului (dublu click pe element in zona de identificare a elemente-
lor “Element Tree”). Pentru pozitionarea in cadrul zonei de lucru (de creare a mode-
lului) se selecteaza elementul (simplu click), se mentine apasat butonul stang al mo-

use-ului si se muta elementul acolo unde se doreste (figura 7.1).

Programs File Edit Element Model Simulation Optimization Options Utilities Help
T EHE XABER @[]y AROOE A £ ma - ~
ch + \D (:J P ";:; Q == i :;’ ;:T=-‘ '—m Eé Parameter Values

Elements | Mode Cylinder 'C1' 114.653/53.975 [mm]
=7 Elements, = =
@ cylindel

£ Engine
&% Mechanical Consumer
s Venicle [} [}
e Rotary Piston Engine Rotor
¥ Measuring Paint
{>= Dummy 1
[ Aftertreatment Pipe ' Properties...
-7 Boundaries S Parameters...
|- System Boundary
|- Aftertreatment Boundary | | | |
-} Internal Boundary
== Transfer
-+ Restriction Medules b
[%] Throttle
4 Rotary Valve Order b

<5 Check Valve _ILI Rotate 3 -
| | » | 2

Align 3

Cut

Copy
Paste

Fig. 7.1 Inserarea unui element in zona de lucru

Particular, in cazul ce urmeaza a fi prezentat, modelul de motor ales a fi mode-
lat si simulat se compune din urmatoarele elemente componente (figura 7.2):

¢ 1 buc. motor (Engine)

1 buc unitate electronica de control (Engine Control Unit)

4 buc. cilindru motor (Cylinder)

¢ 1 buc. filtru de aer (Air Cleaner)

1 buc. catalizator (Catalyst)

¢ 1 buc. turbocompresor (Turbocharger)

e 2 buc. racitoare (Cooler)

¢ 2 buc. elemente intrare/iesire — admisie/evacuare (System Boundaries)
¢ 3 buc. volume de compensare (Plenum)

¢ 5 buc. restrictii (Restrictions)
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¢ 5 buc. jonctiuni (Junction)
e 12 buc. puncte de masurare si monitorizare (Measuring Points)

e 32 buc. conexiuni (Pipes)

5B1

co

I_ ”;( MP2 PL1 R1

e El x + %
Ko

TC1 MP4
CAT1
J2

ECUA
MP12 x

> ups

1 e X MP7
R5+ e

R2 | 5 | R3
E1 mp1o X e b QL
PL2

sez | X _I_

MP11 R4

FL3

1 @® &

X MP§

C4

3¢

> ups

Fig. 7.2 Elementele modelului de motor cu aprindere prin comprimare

Conexiunea dintre elemente (figura 7.3) se realizeaza prin selectarea optiunii

“Connection” din bara de unelte, iar prin conexiune se ataseaza elementelor conecta-

te (se selecteaza capetele conexiunii si se conecteaza cu elementele specifice, unind

ancorele elementelor).

Conexiunile mecanice (portocaliu) si conductele de curgere pentru fluide (ne-

gru), trebuie definite corespunzator caracteristicilor lor, iar conexiunile electrice (al-

bastru) sunt considerate a fi conectori de legatura care nu se definesc (figura 7.4).

Pentru schimbarea directiei de conectare se foloseste comanda Change Di-

rection din bara de meniu, iar pentru schimbarea legaturilor efectuate intre elemente

se foloseste comanda Change Connection.

Modelul creat prin efectuarea operatiilor anterior prezentate va avea forma ce-

lui prezentat in figura 7.5.
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= Elements
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% Mechanical Consumer
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e Rotary Piston Engine Rotor
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1> Dummy
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| System Boundary
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=+ Transfer
~+ Restriction
[] Throttle
4 Rotary valve
< Check Valve
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& Junction 5 =
l 21 ] | .ol

Block loaded!

Fig. 7.3 Conectarea elementelor

cL1 C1 ED1 - E1 ECU1 Vi
& [ e
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Fig. 7.4 Conectarea elementelor constructive:
a — conexiune pentru fluide (negru), b — mecanica (orange), c — electrica (albastru).

p

MP12 )< Ccoz2

X 1Ps

PL3

A 2

sB2 J

MP11 R4

Fig. 7.5 Model de motor cu aprindere prin comprimare policilindric
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Introducerea datelor generale privind modelul
Tnainte de a defini si parametriza fiecare element in functie de specificul lui,
prin utilizarea programului de modelare si simulare AVL BOOST este obligatoriu sa
fie introduse datele generale privind modelul si conditiile generale de simulare.
Definirea si introducerea datelor generale (globale) se realizeaza prin accesa-
rea din meniu a optiunii Simulation -> Control, ceea ce va duce la deschiderea ur-

matoarei ferestre de lucru.

Pas 1. Optiunea SIMULATION TASKS

Click pe Simulation -> Tasks si selectati Cycle Simulation.

Pas 2. Optiunea CYCLE SIMULATION
Click pe subgrupul Cycle Simulation ceea ce va duce la deschiderea urma-
toarei ferestre de lucru (figura 7.6):

Simulation Control / Globals

“t Simulation Control
B Simulation Tasks
- @ Cycle simulation
-~ B Classic Species Setup
B Air Humidity
B8 Initialization — Mon-Engine Agolication
B éelne.tra:.s;at.ecies Setup Referance Spesd l— rom
nitialization
B Convergence Control Reference Cycle Typs C12GliakeE
Restart Control L AEiakE
B Output Control
FIRE/CFD Link Control
B Aftertreatment Analysis
- @ Linear Acoustics
& Save — Simulation Interval
B8 Initialization End of Simulation
B8 User Defined Parameters

Cycle Simulation

Species Transport  |Classic

) Botan Biston Efaine

[~ Convergence Control

— Spatial Pipe Discretizatiol

& Average Cell Size

Apply | Accept

Fig. 7.6 Optiunea CYCLE SIMULATION

Inserati urmatoarele date:

Species Transport Classic (default)
Simulation Interval: End of Simulation 10 cycles (7200 deq)
Spatial Pipe Discretization

Average Cell Size 30 mm
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Pas 3. Optiunea CLASSIC SPECIES SETUP
Click pe Classic Species -> Setup ceea ce va duce la deschiderea urmatoarei

ferestre de lucru (se vor pastra valorile afisate in figura 7.7):

Simulation Control / Globals

“14 Simulation Control
B Simulation Tasks
=B Cycle Simulation
- [ Classic Species Setup
Air Humidity
B Initialization @ Standard Fuel Diesel
--B8 General Species Setup -
B3 Initialization
B8 Convergence Control BOOST Gas Properties Data File
Restart Control
B Output Control
FIRE/CFD Link Control BOOST Gas Properies Tool |
B Aftertreatment Analysis
- B Linear Acoustics ¥ Non-default Fuel Combustion Properties

B Save

Classic Species Setup

— Fuel Properties

User-defined Fuel

B8 Initializati Fuel Combustion Properties
nitialization
B8 User Defined Parameters Lower Healing Value |4_4900 kifkg

Stoichiometric A/F Ratio |14.57

Reset To Defaults |

Apply | Accept |

Fig. 7.7 Optiunea CLASSIC SPECIES SETUP

Pas 4. Optiunea INITIALIZATION

Click pe Initialization pentru deschiderea ferestrei “Initialization”. Selectati
A/F-Ratio din meniul Ratio. Selectati Add Set si introduceti datele din figura 7.8 si
tabelul 7.1.

Simulation Control / Globals LI

3 Simulation Control L Cancel |
B Simulation Tasks Initialization
- @ Cycle Simulation &I
- B Classic Species Setup Ratio ’m
Air Humidity
B Initialization
=B General Species Setup Press. Temp. | Fuel Vapour | Comb. Products A/F-Ratio
B Initialization bar degC [ H H
B8 Convergence Control 1 logeo 20 0 0 14.57
Restart Control > ooe 35 0 0 1457
B Outpyt COnl.ro\ 3 |1 a0 0 0 1457
FIRE/CFD Link Control 2 locse 70 0 0 1457
B Aftertreatment Analysis
-+ [@ Linear Acoustics 5 280 0 1 14.97
& save 6 |0.986 80 0 1 14.87
B8 Initialization 7 099 250 0 1 14 57
B3 User Defined Parameters 8 |0.985 230 0 1 14.57
9 |0.975 200 0 0.6 14.87
10 |0.97 40 0 02 14.57
< |
Apply | Accept | Help |

Fig. 7.8 Conditiile de initializare
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Tabel 7.1 Conditiile de initializare

Set Pressure Temperature | Fuel Va- Combustion A/F Ratio
(bar) (degC) pour (-) Products (-) )

1 0.969 20 0.000 0.000 14.57
2 0.960 35 0.000 0.000 14.57
3 1.000 80 0.000 0.000 14.57
4 0.986 70 0.000 0.000 14.57
5 1.000 280 0.000 1.000 14.57
6 0.986 80 0.000 1.000 14.57
7 0.990 250 0.000 1.000 14.57
8 0.985 230 0.000 1.000 14.57
9 0.975 200 0.000 0.600 14.57
10 0.970 40 0.000 0.200 14.57

Pas 5. Optiunea RESTART CONTROL
Click pe Restart Control pentru deschiderea ferestrei de lucru. Selectati Spe-
cific Interval din meniul Restart File Saving Interval si introduceti valoarea de (720

deg) pentru Saving Interval (figura 7.9).

5 = OK
Simulation Control / Globals
“14 Simulation Control = Cancel
B Simulation Tasks Restart Control el
- @ Cycle Simulation 4'5: p
- @ Classic Species Setup _ Restart
Air Humidity _ _
B Initialization Restart Simulation NO j
=B General Species Setup & Use Most Recent Restart File

B Initialization

Ed Convergence Control
B Restart Control File =
] Outpgt Control I Time Reset

FIRE/CFD Link Control

B Aftertreatment Analysis
-+ @ Linear Acoustics

B save — Restart File

" Restart/Backup File

& Initialization [~ Save Restart File at End of Simulation
B8 User Defined Parameters

Restart File Saving Interval  [Specific Interval

Saving Interval 720 deg
. Backup File
™ Saving Interval | dey [~
Apply | Accept | Help |

Fig. 7.9 Optiunea RESTART CONTROL

87




Pas 6. Optiunea OUTPUT CONTROL
Click pe Output Control si introduceti valoarea de (0.1 deg) pentru Saving In-
terval (figura 7.10). Click OK.

. E OK
Simulation Control / Globals 4|
“ Simulation Control = Cancel
B Simulation Tasks OUtpl‘It Control =
- [E Cycle Simulation LI
- @ Classic Species Setup Bl ArrEtiaT
Air Humidity
B8 Initialization
=B General Species Setup rlEEEE
B8 Initialization Recorded Range
B Convergence Control r IO—
B Restart Control Tt Bl
B Output Control T Acoustic Cytles la
FIRE/CFD Link Control .
Saving Interval Fl‘l d
B Aftertreatment Analysis 9 <0
- B Linear Acoustics
B Save
B Initialization —Reference Ambient Conditions
B8 User Defined Parameters Pressure 1 bar
Temperature IES degC =
~|
Apply | Accept | Help |

Fig. 7.10 Optiunea OUTPUT CONTROL

Introducerea datelor specifice fiecarui element al modelului

Tn modelul general creat in zona de lucru, selectati elementul dorit a fi definit,
printr-un click cu butonul stanga al mouse-ului si dupa aceasta operatie deschideti o
fereastra de dialog prin actionarea butonului dreapta al mouse-ului. Selectati Proper-
ties din fereastra de dialog si se va deschide o fereastra de lucru in care pot fi inse-
rate datele specifice elementului selectat.

Este importanta mentiunea ca datele ce caracterizeaza un element pot fi copia-

te si transmise unui alt element omolog prin operatia Element -> Copy Data.

ENGINE
Pas 1. Optiunea GENERAL

Click pe Engine pentru deschiderea ferestrei de lucru (figura 7.11). Introduceti
valoarea de (2500 rpm) pentru Engine Speed.
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OK |
" Cancel
“ Engine 4'
. B General General oo
B8 Inertia Moment of Engine - —I
B Cylinder / RPE-Rotor Setup
- @ Engine Friction Author |
B8 Friction[1]: friction_list
B Friction Model CEnmE I
B BMEP Control Result Name I Date

I~ Transient Engine Speed

Engine Speed PS{JO pm

Ineriiz Moment of Engine | | kg2

Cycle Type  2-Stroke
@ 4-Stroke
" Rotary Piston Engine

™ BMEP Control
«| i
« | _4 Apply | Accept | Help |

Fig. 7.11 Optiunea GENERAL

Pas 2. Optiunea Cylinder/RPE-Rotor Setup

in subgrupul Cylinder/RPE-Rotor Setup, se selecteaza optiunea Identical
Cylinders. In fereastra Firing Order se stabileste ordinea de aprindere a cilindrilor
motorului (0 — 360 — 540 — 180 care corespunde 1 — 3 — 4 — 2) (figura 7.12).

“t Engine
- B General
B Inertia Moment of Engine -
& Cylinder / RPE-Rotor Setup
-1~ B Engine Friction ¥ Identical Cylinders
BA Friction[1]: friction_list
B Friction Model
BMEP Control

Cylinder / RPE-Rotor Setup

— Firing Order-

Firing Angle

deg |

0
360
540

Apply | Accept | Help |

Fig. 7.12 Optiunea CYLINDER/RPE-ROTOR SETUP

Pas 3. Optiunea ENGINE FRICTION
In subgrupul Engine Friction, optiunea Patton, Nitschke, Heywood - Model
cu Friction Multiplier 1 este selectata ca si optiune generala (figura 7.13).
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“2 Engine = ﬂl

B General Engine Friction 1
B8 Inertia Moment of Engine - | —IHeIp
B Cylinder / RPE-Rotor Setup Engine Friction " None
- B Engine Friction ~ Table

B8 Friction[1]: friction_list & Patton, Nitschke, Heywood - Model
B Friction Model ) :

B BMEP Control  Shayler, Leong, Murphy - Model
Friction Multiplier |1 [ B
g | _’l Apply | Accept | Help |

Fig. 7.13 Optiunea ENGINE FRICTION

Click pe Engine Friction: Friction Model unde se completeaza datele din fi-

gura 7.14:
Cylinder Arrangement Inline
Type of Valve Train SOHC- Rocker Arm
Number of Camshafts Bearings 8
Maximum Valve Lift 8.5 mm
Type of Cam Follower Flat Follower
Oil Type SAE 5W/30
Oil Temperature 20 degC
y x
OK |
“14 Engine Friction Model ﬂl
- B General
T B Inertia Moment of Engine - X &I
B Cylinder / RPE-Rotor Setup | [ CVIINder
=B Engine Friction Cylinder Arrangement inline j
% E:;:';E[mcltm-m Murber of Crankshaft bain Bearings [
BMEP Control Crankshaft Main Bearing Diameter I e
Cranksnaft Main Bearing Lengin | mm
Big End Con Rod Bearing Diamsisr | mm
Big End Con Rod Bearing Lengtn | mm
—Valve Train
Type of Valve Train SOHC-Rocker Arm j
Number of Camshafts Bearings Iﬂ
Maximum Valve Lift |ﬂ,5 mm
Type of Cam Follower Flat Follower =
Oil Type  [SAE 5/W30 -] oil Temperature IEU degC
¥ Injection Pump
q | o Apply | Accept | Help |

Fig. 7.14 Optiunea FRICTION MODEL

90



CYLINDER
Pas 1. Optiunea GENERAL
Click pe Cylinder pentru deschiderea ferestrei de lucru (figura 7.15).

y x
i . . OK |
Cylinder = |dentical Cylinders =
Cancel |
= Cylinder = =
% B [General General Help |
B4 Piston Motion
=@ Chamber Author |
B8 User Defined Scavenge | T I
= B Initialization
B SHP Condition Setting Result Name | Date
-+ B Combustion
=@ Vibe
=& Double Vibe Bore 75 mm
Multiple Vibe Sole lBO— mm
Multiple Vibe 2-Zone
B Table Compression Ratio 16 H
8 Table 2-Zone Con-Rod Length E3 mm
B Woschni/Anisits
B Hires et al __| Piston Pin Offset FJ.S mm

&

] User Model
UD - High Pressure Cycl
Constant Volume
Constant Pressure Mean Crankcase Press. |1 bar
=B AVL MCC Model
+-[@ IRATE _ _
8 Normalized ROI I~ User Defined Piston Motion
Experienced Users Inj I~ Chamber Attachment
Vibe 2-Zone

=

Effective Blow By Gap .001 mm

&

Scavenge Model Perfect Mixing v| -

B Target Pressure Curve
a - o - _4—| Apply | Accept | Help |

Fig. 7.15 Optiunea GENERAL

Introduceti urmatoarele valori:

Bore: 75 mm
Stroke: 80 mm
Compression Ratio: 18

Con-rod Length: 135 mm
Piston Pin Offset: 0.3 mm
Effective Blow by Gap: 0.001 mm
Mean Crankcase Press: 1 bar
Scavenge Model: Perfect Mixing

Pas 2. Optiunea INITIALIZATION
Click pe subgrupul Initialization pentru deschiderea ferestrei de lucru (figura
7.16). Introduceti urméatoarele valori:
Initial Conditions at EO
(Exhaust Valve Opening)
Pressure: 7 bar

Temperature: 726 degC

91



Initial Gas Composition

Ratio Type A/F Ratio
Ratio Value 14.57
Fuel Vapour 0
Combustion Products 0.6

Yy

-1 Cylinder 2
-+ @ General
B Piston Motion
+ Chamber

=B Combustion
=@ Vibe
=@ Double Vibe

E User Defined Stavenge | Pressure 7 e
- @ Inttialization
Bl SHP Condition Setting Temperature 726 degC

Initialization

— Initial Conditions at EO

— Initial Gas Composition

B Multiple Vibe

B Multiple Vibe 2-Zone
B Table

B8 Table 2-Zone

Ratio Type |NF ~ Ratio
14.57

—

Combustion Products |0-6

Ratio Value
Fuel Vapour

[|
H
H
H

Cylinder = |dentical Cylinders =

X

Cancel

(i

Help

WoschnifAnisits
Hires et al

=) User Model

l UD - High Pressure Cycl¢ ¥ SHP Condition Setting
Constant Volume |

. B Consiant F‘rﬁ.]surﬁ _’l_l Apply | Accept | Help |

Fig. 7.16 Optiunea INITIALIZATION

Pas 3. Optiunea SHP CONDITION SETTING
Click pe subgrupul SHP Condition Setting pentru momentul de inceput al
cresterii presiunii din cilindru, sau momentul cand toate supapele sunt inchise si se-

lectati optiunea Mass definind urmatorii parametrii (figura 7.17):

Cylinder = |dentical Cylinders =

OK

o Cylinder
- @ General
B3 Piston Motion
+ Chamber

- @ Initialization

- B Combustion
+1- B Vibe
£3) Double Vibe
Multiple Vibe
Multiple Vibe 2-Zone
B Table
B Table 2-Zone
B Woschni/Anisits

B User Defined Scavenge |

B SHP Condition Setting

g

SHP Condition Setting
Sefting of + Mass ¢ Temperature

Pressure at SHP

Air Massflow

Fuel Massflow

Trapping Efficiency Air
Trapping Efficiency Fuel

T
35 kg/h
[ T kam
[ @
[ @\

Mass Fraction of Residual Gas at SHP la [

Aopy |

Accept

| wep |

-

Cancel
Help

Fig.

7.17 Optiunea SHP Condition Setting
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SHP Condition Setting Mass

Pressure at SHP 2.5 bar
Air Massflow 35 kg/h
Fuel Massflow 1 kg/h
Trapping Efficiency Air 1
Trapping Efficiency Fuel 1
Mass Fraction of Residual Gas 0

Pas 4. Optiunea COMBUSTION

Click pe subgrupul Combustion si selectati optiunea AVL MCC Model (mode-
lul de ardere Mixing Controlled Combustion) care estimeaza cantitatea de caldura
eliberatda ROHR (Rate Of Heat Release) si emisiile poluante pe baza cantitatii de
combustibil din cilindru si pe baza energiei cinetice turbulente introdusa de injectia de
combustibil pentru modul de caracterizare a caldurii rezultate in urma procesului de

ardere (Heat Release) (figura 7.18):

Heat Release AVL MCC Model
Vibe Parameter Fitting Single
Fuel Mass/Cycle 4 mg
Mixture Preparation Internal
Fuel Temperature 40 degC
y x
- - - OK
Cylinder = ldentical Cylinders =
Cancel
3 Cylinder = . =
B General Combustion Help
B Piston Motion
L & chamber Heat Release |AVL MCC Model =]
B8 User Defined Scavenge |
- @ Initialization Vibe Parameter Fitling  |Single =
B SHP Condition Setting  Fuelling
- B Combustion 5
4 B Vibe g Fuel Mass / Cycle IZ mg
+1-[@ Double Vibe C AF-Raiio [ H
Multiple Vibe b
Multiple Vibe 2-Zone
E Table — Mixture Preparatio
& Table 2-Zone & Internal « External
B WoschnifAnisits
B Hires et al The Mirture Preparation setting determines the freatment of in-cylinder
+- @ User Model evaporation and the Iocal combustion excess air ratio development for
1 UD - High Pressure Cycle 2-Zone combustion models (for details please refer to the Online Help).
Constant Volume
Constant Pressure
4 B AVL MCC Model Fuel Temperature |ZU degC B
; + [ IRATF \ Apply | T | Help |

Fig. 7.18 Optiunea COMBUSTION
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Click pe subgrupul AVL MCC Model pentru deschiderea ferestrei de lucru si

introduceti urmatoarele valori (figura 7.19):

Physical Properties
Number of Injector Holes
Hole Diameter

Rail Pressure
Normalised Model Parameters
Ignition Delay Calibration
Combustion Parameter
Turbulence Parameter
Dissipation Parameter
EGR Influence Parameter
Premixed Combustion

Rate of Injection

7
0.00012 m
400 bar

0.5

1
0.7
calculated

OK
Cylinder = ldentical Cylinders =
Cancel
1 Cylinder = =
' @ General AVL MCC Model Help
B3 Piston Motion . .
e Chamber — Physical Properties
B8 User Defined Scavenge | Number of Injector Holes 7
- @ Initialization 5
100012
B SHP Condition Seiting e ENEET m
= B Combustion Distharge Coefficient I(-].? g
4 @ Vibe ,
00
LB Double Vibe Rail Pressure |Z bar

Multiple Vibe

B Muttiple Vibe 2-Zone r— Normalised Model Par:
E Table

B Table 2-Zone

Ignition Delay Calibration Factor la,5 [

Woschni/Anisits ~ | Combustion Parameter 1 [
Hires et al Turbulence Parameter 1 [
+- B User Model S
+ B UD - High Pressure Cycle e ST ! H
Constant Volume EGR Influence Parameter 1 [
Constant Pressure . .
- B AVL MCC Model Premixed Combustion Parameter l(-l? [ _|
+-B IRATE
B8 Normalized ROI
Experienced Users Inj Rate of Injection |calculated j B
# Vibe 2-Zone =
a | _’lJ Apply | Accept | Help |

Fig. 7.19 Modelul de ardere AVL MCC

Click pe subgrupul iRate (legea de injectie iRate defineste injectia pe baza

cantitatii de combustibil livratd de catre injectoare) pentru deschiderea ferestrei de

lucru si introduceti urmatoarele valori (figura 7.20):

Fuel Density

Ignition Timing

850 kg/m?3
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Max. Needle Lift
Delay — Start ts 300 micros
Delay — End te 600 micros
Signal On (linia 1 — pilot)
Signal Off (linia 1 — pilot)
Signal On (linia 2 — main)

Signal Off (linia 2 — main)

0.2 mm

Delay — Up tu 500 micros
Delay — Down td 400 micros
-6 deg

-3 deg

-2 deg

8 deg

“r3 Cylinder =
--@ General

B8 Piston Motion

IRATE

Cylinder = |dentical Cylinders =

Fuel

OK
Cancel
Help

#- B Chamber
B8 User Defined Scavenge |
-+ @ Initialization
B SHP Condition Setting
Combustion

Fuel Density  [850 ka/m*3

=@
=@ Vibe
# Double Vibe
Multiple Vibe
Multiple Vibe 2-Zone
B Table
Ed Table 2-Zone
Woschni/Anisits
Hires et al
# User Model |
) UD - High Pressure Cycle
Constant Volume
B Constant Pressure

Max. Needle Lift FQ mm

Delay - Start ts

Delay - End te
Delay -

Delay -

Uptu

500
0

signalon |

Ignition Timing

300 micros
@U micros
micros

Down td IZ 0 micros

signal Off

tu td

ts te . t

~ B AVL MCC Model deg deg

+E IRATE -3

Insert Row

E Normalized RO! 8

¥

Remove Row

Experienced Users Inj

# Vibe 2-Zone

o g fes [N =

Load

Target Pressure Curve
Target Pressure Curve Z .

Store

4 ) | 3

Apply | Accept |

Help

Fig. 7.20 Legea de injectie iRate

Click pe subgrupul Nozzle Flow Data (debitul de combustibil (Volume Flow)

[m3/s] injectat prin duzele injectorului (Nozzle Flow) care se calculeaza in functie de

deschiderea acului injectorului (Needle Lift) — valoarea maxima corespunde cursei

maxime a injectorului (Max Needle Lift)) pentru deschiderea ferestrei de lucru si in-

troduceti valorile din tabelul 2 (figura 7.21):

Tabel 7.2 Deschiderea acului injectorului

Set Needle Lift (X) (mm) Volume Flow (Y) (m3/s)
1 0.00 0.00
2 0.05 7e-006
3 0.10 1le-005
4 0.15 1.2e-005
5 0.20 1.25e-005
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“3 Cylinder =
- B General
E Piston Motion
=B Chamber
B3 User Defined Scavenge |
B Initialization
[E SHP Condition Setting
- B Combustion
=@ Vibe
= [E Double Vibe
B Multiple Vibe
B Multiple Vibe 2-Zone
E Table
B Table 2-Zone
B WoschnifAnisits
[@ Hires et al

U

=B User Model
=@ UD - High Pressure Cycl
B constant Volume
[E Constant Pressure
- @ AVL MCC Model
- B IRATE
[E Nozzle Flow Data
B8 Pressure Data
E8 Calculated RQI
B Normalized ROI
Experienced Users Inj
@ vibe 2-Zone

&

B Target Pressure Curve_l;l
4 »

Test Bed Conditions
Measured Pressure

Qil Density

100 bar
Bd9 ka3

Needle Lift (X) | Volume Flow (Y) |

Cylinder = Identical Cylinders =

mm m"3/s

10 o Insert Row

2 |0.05 7e-006

3 |01 1e-005

4 |015 1.2e-005

5 |02 1.25e-005

142005

Volume Flow ("

1.22005
T 1005
£
T Bens
S senos
£
g 4e008

20008

0 T T T
o 0.05 0.1 0.15 0z
Needle Lift (mm)
Apply | Accept | Help |

L]

Cancel

s

Help

Fig. 7.21 Deschiderea acului injectorului

Click pe subgrupul Pressure Data (graficul presiunii din cilindru din figura 7.22)

pentru deschiderea ferestrei de lucru si incarcati datele pentru valorile presiunii in

cilindru cu comanda Load din fisierul 1500.txt, urménd pasii din figura 7.23:

(]

&

Ll I 3

B General
B8 Piston Motion
+— B Chamber
B8 User Defined Scavenge |
B Initialization
B SHP Condition Setting
B Combustion
=@ Vibe
+-E Double Vibe
Multiple Vibe
B Multiple Vibe 2-Zone
E8 Table

Pressure Data

Crank Angle (X) |

Pressure (Y) |

deg

bar

360

2671434

3 Insert Row

360.25

26714421

360.5

2.6712936 & O

360.75

2 6710317 Load

361 g

2 6706868 - Store

Cylinder = Identical Cylinders =

S Cylinder il

B8 Table 2-Zone
WoschnifAnisits
@ Hires et al
B User Model
UD - High Pressure Cyclk
B Constant Volume
Constant Pressure
- @ AVL MCC Model
- B IRATE
Bl Nozzle Flow Data
ER Pressure Data
E8 Calculated ROI
B Normalized ROI
Experienced Users Inj

-

é ‘U’!&wl\)-l

Presaure (bar

g3 838

- B 22

——— Pressure (bar)

T T
800 700 200
Crank Angle (deg)

1100

Accept |

Help |

x

K
Cancel

Help

[l

Fig. 7.22 Graficul presiunii din cilindru
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4 File Type: [All Files (1) ~]

= Table
I Crank Angle <- Col 1
1 Pressure <- Col 2

2000 txt (Jbl-Click to Load)
2500 txt (Dbl-Click to Load)

Col 2

ca
=]

ca
=]

=]
=}

LI L e
500 1000 1500 2000 2500 2000

INDEX (dimensionless~no)

0 T e
200 400 500 €00 OO 800 200 1000 1100

Col 1 (dimensionless~no)

ol 2 (dimensionless~n
LIl

ol 2 (dimensionless~n
LIl

-
-

Apply | Close |

Fig. 7.23 Incarcarea datelor pentru presiunea din cilindru

Click pe subgrupul Calculated ROI pentru deschiderea ferestrei de lucru si un-
de legea de injectie iRate va calcula si genera automat graficul pentru cele doua in-

jectii: pilot si principaléa (figura 7.24):

y x
oK
Cylinder = |Identical Cylinders = 4'
Cancel

Y Cylinder = : -
5 B General Calculated normalized ROI Calculation successfull Help

E Piston Motion
+—E Chamber
B8 User Defined Scavenge | CRA (X) \ NormROI (Y) |
=@ Initialization deg 1/deg
B SHP Condition Setting 25
~ @ Combustion 250

1
2
v B8 Vibe 3 258
4
5

g Store

3} Douple Vibe 257
B Multiple Vibe
Multiple Vibe 2-Zone 235
E Table
B3 Table 2-Zone 03
WoschnifAnisits 025
B Hires et al —
ol User Model
#—[@ UD - High Pressure Cycle
Constant Volume
B Constant Pressure
=B AVL MCC Model
- B IRATE
B Mozzle Flow Data o
B8 Pressure Data 30 E E
B Calculated ROI CRA (deq)
B8 Normalized ROl
Experienced Users Inj 4 |

7 5 Apply

FICIGCIGIGD

|

——— NormROI (1/deg)

NormR Ol (1/deg)
=
&

Accept | Help |

Fig. 7.24 Calculul injectiei prin legea iRate

Atentie !!! in situatia in care legea iRate afiseaza un mesaj de eroare la calculul
injectiei se verifica toate datele introduse de la inceput in elementul cilindru -

in special unitatile de masura pentru aceste date (exemplu kg/h si nu kg/s).
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Click pe subgrupul Pollutants (pentru modelul de calcul al emisiilor poluante

de NOy, CO si Soot) pentru deschiderea ferestrei de lucru si introduceti urmatoarele

valori (figura 7.25):
NOy Production Model

NOx Kinetic Multiplier 0.3
NOy Postprocessing Multiplier 0.64
CO Production Model
CO Kinetic Multiplier 1
Soot Production Model
Soot Production Constant 1000
Soot Consumption Constant 775
y x
Cylinder = |dentical Cylinders =
Cancel
=@ AVL MCC Model = =
=+ Vibe 2-Zone Pollutants %
Target Pressure Curve
Target Pressure Curve 2 I
s [B Fractal " Mo ofzonss |10
HCCI 6 Zone
B In Cylinder Evaporation ~ — NOX Production Model
[ g\’fmggﬁmner Gas Eng NOx Kinetic Muttiplier [z 8
B Pollutants NOx Postprocessing Multiplier l(_l64 8]
Knock n
~- @ Heat Transfer — CO Production Model
B8 Piston Calibration Factor L -
& Head Calibration Factor CO Kinetic Murtiplier ! t
B8 Liner Calibration Factor )
B variable Wall Temperatu r— Soot Production Model
E Liner Layer Wall Temper Soot Production Constant 1000 [—]
- , ':,‘;;[01? iﬁ:‘:;ﬁc?{::z Soot Consumption Constant  [775 H
4 @ VPS[2]: Pipe 15: Exhausl .| =
< _’|_ Apply | Accept | Help |

Fig. 7

.25 Modelul de calcul al emisiilor poluante

Pas 5. Optiunea HEAT TRANSFER
Click pe subgrupul Heat Transfer si introduceti urmatoarele valori (figura 7.26):

Cylinder AVL 2000
Ports Zapf
Piston
.D?
Surface Area S piston = ﬂT = 4500mm?
Wall Temperature T iston = 200+0.045- speed = 320degC
Piston Calibration Factor 1

Cylinder Head
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Surface Area

Wall Temperature

Head Calibration Factor

Liner
Surface Area

Wall Temperature TDC

Wall Temperature BDC

Liner Calibration Factor
Combustion System

In-cylinder Swirl Ratio

- D?

S =13- =5900mm?

cilindru

T

cilindru

=200+ 0.045- speed—40=280degC
1

2
S :ﬂ.|

segment 4

=4500-0.135=610mm’

piston

T =200+0.045- speed—80=240degC

segment _ PMS
Teegment_pi = 200+0.045- speed —120=200degC
1
DI (Direct Injection)
1

Et

{#

{#

B User Model
UD - High Pressure Cyck
Constant Volume

Constant Pressure — Cylinder Head
+ B AVL MCC Model Surface Area W mm2
#- @ Vibe 2-Zone

Target Pressure Curve Wall Temp. EBO degC

@ Target Pressure Curve 2
@ Fractal

HCCI 6 Zone

B In Cylinder Evaporation —
[E Open Chamber Gas Eng
B AVLMZCM

B Pollutants

Knock

- [E Heat Transfer

B8 Piston Calibration Factor
E8 Head Calibration Factor

BB | inar Malihratinn Eartar
R _>l_I Aopy |

|1 - [

Piston Calibration Factor

Head Calibration Factor

|1 - [

—Liner

™ Layer Discretization

Surface Area (Piston at TDC) F10 mme2
Wall Temp. (Piston at TOC) P40 degC
Wall Temp. (Piston atBDC) 00 degC
|1 - H

Accept | Help |

Liner Calibration Factor

OK |
Cylinder = Identical Cylinders =
Cancel |
- @ Combustion 2l =]
L@ Vibe Heat Transfer Help |
#- B Double Vibe "
linder AVL 2000 -
Multiple Vibe &3 J
Multiple Vibe 2-Zone Ports & Zapf " None
& Table — Piston
Ed Table 2-Zone
Woschni/Anisits Surface Area 5900 mm*2
Hires ef al Wall Temperature 320 degC

Fig. 7.26 Optiunea HEAT TRANSFER
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Laborator 8:

Modelarea si simularea unui motor po-
licilindric cu aprindere prin comprima-
re. Parametrizare elemente model.

Scop
e Crearea, parametrizarea si simularea unui model de motor cu aprindere prin

comprimare policilindric.

Obiective educationale si de formare a competentelor
e Formarea abilitatilor de utilizare a unor metode moderne de investigare a pro-
ceselor functionale ale motoarelor cu ardere interna;
« Insusirea de competente avansate in procesele de modelare si simulare com-

puterizata.

Prezentarea lucrarii
Lucrarea prezinta algoritmul de utilizare a programului de modelare si simulare
AVL BOOST in modelarea unui motor cu aprindere prin comprimare policilindric. Se

prezinta detaliat de parametrizare a fiecarui element component al modelului.

Desfasurarea lucrarii

Lucrarea de laborator se desfasoara prin parcurgerea algoritmului prezentat in
cele ce urmeaza, in scopul realizarii unei aplicatii practice de modelare a unui motor
policilindric cu aprindere prin comprimare. Este o continuare a lucrarilor de laborator
efectuate in cadrul sedintei numarul 7 si de aceea se va incarca modelul deja realizat
prin accesul optiunii File -> Open, din bara de mediu. Se continua procesul de pa-

rametrizare a celorlalte elemente componente ale modelului.
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Pas 5. Optiunea VALVE PORT SPECIFICATIONS
Click pe subgrupul Valve Port Specification si introduceti datele din figura 8.1:

Pipe Control Surface Area (mm?) Wall Temperature (degC)
7 Valve 900 50
11 Valve 700 500
g x
. . : OK
Cylinder = |dentical Cylinders =
Cancel
4@ AVL MCC Model 2l N 2
: Vibe 2-Zone © Valve Port Specifications Help
Target Pressure Curve
B Target Pressure CUVve 2 | aoniolied By Port Variable Wall Temperature
4 Fractal
HCCI 6 Zone Pipe| Control | 'Surf Area|w Temp W Thick| Conduct | Heat Cap
B In Cylinder Evaporation mm2 | degC mm | W(mK) | km3
Open Chamber Gas Eng 7 |valve 900 50 r i} ] 0
#B AVLMZCM 11 |valve 700 500 o 0 0
B Pollutants -
Knock =
- @ Heat Transfer -
B8 Piston Calibration Factor | I |
B8 Head Calibration Facior _ d id
a - = D Apply | Accept | Help |

Fig. 8.1 Optiunea VALVE PORT SPECIFICATIONS

Click pe subgrupul VPS [1]: Pipe 7: Intake -> Valve Controlled pentru accesarea

campurilor de introducere a datelor (figura 8.2):

e

x

B Open Chamber Gas Eng;l

B8 Variable Wall Temperatu
B8 Liner Layer Wall Temper
= [@ valve Port Specifications

- @ VPS[1]: Pipe 1: Intake

+ @ Valve Controlied

#} Piston Controlled

#} Chamber Valve

#} Chamber Attach
+[@ VPS[2]: Pipe 15: Exhausi

] E— _>ILI

Cylinder = |dentical Cylinders =

o2 3]

Scaling Factor for Eff. Flow Area

[~ Calculate Dynamic Incylinder Swirl

™ vawve Opening Shift |2 ey

T VaweClosingsnit P deg _

’7Modiﬁcalion of Valve Lift Timing

I6 mm
Effective j B8

Accept | Help |

Reference Lift for Valve Timing
Reference Lift Base

Apply |

K

Cancel

s

@ AVLMZCM Valve Port Specification Help
B Pollutants
B Knock Intake pipe
-—[@ Heat Transfer
& Piston Calibration Faciol | jnner valve Seat (= Reference) Diameter |35 mm
B8 Head Calibration Factor
B2 Liner Calibration Factor Valve Clearance la-3 mm

Fig. 8.2 Subgrupul Intake -> Valve Controlled
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Inner Valve Seat

(=Reference) Diameter 35 mm
Valve Clearance 0.3 mm
Scaling Factor

2 2 2 2
for Eff. Flow Area A, =T, -adpi 4 nvdvzi -adpi T —a n,7dv, =0.900
4 dp, 4 4

unde a este coeficientul de curgere (Flow Coefficent) [-], dpi — diametrul con-
ductei considerate [m], n, este numarul de supape pentru portul considerat [-], dvi —
diametrul scaunului interior al supapei (Inner Valve Seat Diameter) [m].

Click pe Lift Curve pentru fereastra de lucru si introduceti urmatoarele date:

Specification Manipulation

Valve Opening 345 deg Valve Opening 345 deg
Cam Length 166 deg Cam Length 166 deg
Increment 1.1527 deg

Datele necesare parametrizarii procesului de admisie (definite pentru elementul
Pipe 7 a diagramei distributiei la admisie Crank Angle si Valve Lift) sunt cele pre-
zentate in figura 8.3 si in tabelul 8.1, iar aceste date trebuie introduce in campurile
respective.

OK
Cylinder = |dentical Cylindel
Cancel
Open Chamber Gas Eng;l Specification ——————————— —Manipulation 7$‘ =
el
=~ @ AVLMZCM Valve Opening  [345 | deg Valve Opening  [345 | deg e
B Pollutants
Knock Cam Length |1 66 deg Cam Length |1 66 deg
- B Heat Transfer & Increment [1.1527 deg
B8 Piston Calibration Factor -~ X =
B Head Calibration Factor Nurnib. of Points
B8 Liner Calibration Factor Specify Modify | Undo |
B8 Vvariable Wall Temperatu
B Liner Layer Wall Temper Crank Angle (X) ‘ ValveLift (Y) |
-~ [E Valve Port Specifications deg mm |
- B VPS[1]: Pipe 1: Intak -~
8 VPS[1] Pipe 1 Intake 1 [325 0 =l insertRow
-~ Valve Controlled -
5 2 |346 2.2e-005
B8 Lift Curve 3 347 0000539 Remove P.ow
B8 Flow Coefficients[1 - Load
& Dynamic Swirl 4 |348 0.003795
=@ Piston Controlied 9 |330 0.010796 Store
=B Chamber Valve 6 |3 0.021796 [ ExciteTD mport
4 Chamber Aftach _—
< B VPS[2]: Pipe 15 Exhausl 3
8 Valvelift (mm)
7
s
=8 -
Eq
=3
- 3
1
o T T T T T T T T
240 380 2380 400 420 440 460 480 500 520 ;I
a | | _,I—I Apply | Accept | Help |

Fig. 8.3 Subgrupul Intake -> Intake Lift Curve
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Tabelul 8.1 Valorile Intake Lift Curve

Crank An- | Valve Lift Y | Crank An- | Valve Lift Y | Crank An- | Valve LiftY
gle X (deg) (mm) gle X (deg) (mm) gle X (deg) (mm)
345 0.000000 400 6.015060 456 6.015060
346 0.000020 402 6.176650 457 5.846990
347 0.000639 403 6.331710 458 5.672500
348 0.003795 404 6.480180 459 5.491670
350 0.010796 405 6.622010 460 5.304560
351 0.021796 406 6.757140 461 5.111250
352 0.036796 407 6.885540 463 4911810
353 0.055773 408 7.007150 464 4.706330
354 0.078156 410 7.121950 465 4.494880
355 0.102000 411 7.229900 466 4.277560
357 0.125998 412 7.330970 467 4.054450
358 0.149998 413 7.425140 468 3.825640
359 0.173998 414 7.512380 470 3.591240
360 0.197998 415 7.592670 471 3.351340
361 0.221997 416 7.665990 472 3.106050
362 0.241200 418 7.732350 473 2.855470
363 0.269997 419 7.791720 474 2.599700
365 0.293997 420 7.844110 475 2.338870
366 0.317997 421 7.889510 476 2.073070
367 0.341996 422 7.927930 478 1.802440
368 0.366205 423 7.959370 479 1.528250
369 0.395920 425 7.983810 480 1.262510
370 0.449106 426 8.001280 481 1.026120
372 0.537866 427 8.011750 482 0.826366
373 0.663616 428 8.015250 483 0.663616
374 0.826366 429 8.011750 485 0.537866
375 1.026120 430 8.001280 486 0.449106
376 1.262510 431 7.983810 487 0.395920
377 1.528250 433 7.959370 488 0.366205
378 1.802440 434 7.927930 489 0.341996
380 2.073070 435 7.889510 490 0.317997
381 2.338870 436 7.844110 491 0.293997
382 2.599700 437 7.791720 493 0.269997
383 2.855470 438 7.732350 494 0.245997
384 3.106050 440 7.665990 495 0.221997
385 3.351340 441 7.592670 496 0.197998
387 3.591240 442 7.512380 497 0.173998
388 3.825640 443 7.425140 498 0.149998
389 4.054450 444 7.330970 500 0.125998
390 4.277560 445 7.229900 501 0.102000
391 4.494880 446 7.121950 502 0.078156
392 4.706330 448 7.007150 503 0.055773
393 4911810 449 6.885540 504 0.036796
395 5.111250 450 6.757140 505 0.021796
396 5.304560 451 6.622010 506 0.010796
397 5.491670 452 6.480180 508 0.037950
398 5.672500 453 6.331710 509 0.000639
399 5.846990 455 6.176650 510 0.000000
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Click on Flow Coefficient pentru deschiderea ferestrei de lucru si introduceti

urmatoarele valori (tabelul 8.2 si figura 8.4):

Tabelul 8.2 Valorile Flow Coefficient

Valve Lift X

Flow Coefficient Y

@)

0.00

0.15

0.25

0.33

0.40

0.45

0.50

0.53

0.54

0.54

)
- 3
OGDOD\ICDU'I-bOOI\JI—‘OB
N

0.55

Pressure Ratio:
Effective Valve Lift:

1
Activated

Cylinder = ldentical Cylinders =
Open Chamber Gas Eng:2] . =
L@ AVLMZCM Flow Coefficients
B Pollutants X
& Knock Pressure Ratio |1 [
- Heat Transfer " Normalized Valve Lift
B Piston Calibration Factor & Effective Valve Lift
B2 Head Calibration Factor
B Liner Calibration Factor Set 11 Reference Poinis |
B8 Variable Wall Temperatu Valve Lt () | FlowCoeff () |
B3 Liner Layer Wall Temper - H |
=@ Valve Port Specifications .
1 =
= [ VPS[1] Pipe 1 Intake > :' 315 ESH D
-+ @ Valve Controlled - _| Remove Row
B8 Lift Curve 3 |2 0.25 Load
B Flow Coefficients[1 4 |3 0.33
B Dynamic Swirl 5 |4 0.4 | Store
2} Piston Controlled
=) Chamber Valve 08
=) Chamber Attach 053
4 VPS[2]: Pipe 15: Exhaus! E‘”’
Z02] —
L ;g_o.z—
014
- T T T T
0 2 8 10
Velue 18t =
R _’lJ Apply | Accept | Help

Cancel

Help

Pl

Fig. 8.4 Subgrupul Intake -> Flow Coefficient

Click pe subgrupul VPS [2]: Pipe 11 Exhaust -> Valve Controlled pentru ac-

cesarea campurilor de introducere a datelor (figura 8.5):
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*

Y

OK
Cylinder = |dentical Cylinders = 4'
Cancel |
Open Chamber Gas Eng-= ) ) =
s ASEEECSF” o ”g_l Valve Port Specification Help |
@ Pollutants
Knock Exhaust pipe
= B Heat Transfer
BB Piston Calibration Factor - i 30
B “ead Calbraion Factor Inner Valve Seat (= Reference) Diameter mm
B8 Liner Calibration Factor Valve Clearance o3 mm
B8 Variable Wall Temperatu Scaling Factor for Eff. Elow Al I(']_g5 ]
B Liner Layer Wall Temper =g Fecorior = 0
=B Valve Port Specifications I~ | Caleulzte Dyamie IREy e Swir
—-[@ VPS[1]: Pipe 1: Intake
-~ B Valve Controlied S P,
B Lift Curve Modification of Valve Lift Timing——————————
B Flow Coefficients[1 ™ valve Opening Shift |0 deg
B8 Dynamic Swirl ™ Valve Closing Shiit [0 o
+-@ Piston Controlled e = -
+-@ Chamber Valve
+- B Chamber Aftach
= VPS[2]: Pipe 15: Exhaus! Reference Lift for Valve Timing F mm
+ B Valve Controlied Reference Lift Base Effective =
+- @ Piston Controlled -
- “‘““‘"‘“‘l‘ 55 _|_| Apply | Accept | Help |
Fig. 8.5 Subgrupul Exhaust -> Valve Controlled
Inner Valve Seat
(=Reference) Diameter 30 mm
Valve Clearance 0.3 mm
Scaling Factor
2 2 2 2
dpz ndv, dpz n,zdv,
for Eff. Flow Area Ay =f, oa——="—"ag——=a+——"-=095
ff sc 2
4 dp, 4 4

unde a este coeficientul de curgere (Flow Coefficent) [-], dpi — diametrul con-
ductei considerate [m], n, este numarul de supape pentru portul considerat [-], dv; —
diametrul scaunului interior al supapei (Inner Valve Seat Diameter) [m].

Click pe Lift Curve pentru deschiderea ferestrei de lucru si introduceti urma-
toarele date:

Specification

Valve Opening 196 deg
Cam Length 180 deg
Manipulation

Valve Opening 196 deg
Cam Length 180 deg
Increment 1.1538 deg

Datele necesare parametrizarii procesului de admisie (definite pentru elementul
Pipe 15 a diagramei distributiei la evacuare Crank Angle si Valve Lift) sunt cele
prezentate in tabelul 8.3 si in figura 8.6, iar aceste date trebuie introduce in campuri-

le respective.
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Tabelul 8.3 Valorile Exhaust Lift Curve

Crank An- | Valve Lift Y | Crank An- | Valve Lift Y | Crank An- | Valve LiftY
gle X (deg) (mm) gle X (deg) (mm) gle X (deg) (mm)
196 0.000000 254 5.843630 312 6.885250
199 0.000385 255 6.033150 313 6.727840
200 0.002875 256 6.216420 314 6.563850
201 0.009077 257 6.393350 315 6.393350
202 0.019277 259 6.563850 316 6.216420
203 0.033477 260 6.727840 317 6.033150
204 0.051668 261 6.885250 318 5.843630
205 0.073492 262 7.036010 320 5.647950
207 0.097205 263 7.180060 321 5.446200
208 0.121200 264 7.317330 322 5.238500
209 0.145200 265 7.447780 323 5.024940
210 0.169200 267 7.571340 324 4.805640
211 0.193200 268 7.687990 325 4.580710
212 0.217200 269 7.797670 327 4.350270
214 0.241200 270 7.900350 328 4.114460
215 0.265200 271 7.996010 329 3.873380
216 0.289200 272 8.084620 330 3.627190
217 0.313200 274 8.166160 331 3.376010
218 0.337200 275 8.240630 332 3.119970
219 0.361200 276 8.308000 333 2.859230
220 0.385200 277 8.368280 335 2.593940
222 0.409200 278 8.421470 336 2.324230
223 0.433200 279 8.467570 337 2.050270
224 0.457212 280 8.506580 338 1.772430
225 0.482666 282 8.538490 339 1.496720
226 0.521624 283 8.563320 340 1.243060
227 0.592070 284 8.581050 342 1.024820
229 0.699620 286 8.595230 343 0.843571
230 0.843571 287 8.591690 344 0.699320
231 1.024820 289 8.581050 345 0.592070
232 1.243060 290 8.563320 347 0.482666
233 1.496720 291 8.538490 348 0.457212
234 1.772430 292 8.506580 350 0.433200
235 2.050270 293 8.467570 351 0.409200
237 2.324230 294 8.421470 352 0.385200
238 2.593940 295 8.368280 353 0.361200
239 2.859230 297 8.308000 354 0.337200
240 3.119970 298 8.240630 355 0.313200
241 3.376010 299 8.166160 357 0.289200
242 3.627190 300 8.084620 358 0.265200
244 3.873380 301 7.996010 359 0.241200
245 4.114460 302 7.900350 360 0.217200
246 4.350270 304 7.797670 361 0.193200
247 4.580710 305 7.687990 362 0.169200
248 4.805630 306 7.571340 363 0.145200
249 5.024940 307 7.447780 365 0.121200
250 5.238500 308 7.317330 367 0.073492
252 5.446200 309 7.180060 369 0.033477
253 5.647950 310 7.036010 370 0.000000
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Cylinder = |dentical Cylinders =
5 B
Open Chamber Gas Eng_l Valve Opening IW deg Valve Opening IW deg
e AVLMZCM
B Pollutants Cam Length 180 | deg Cam Length 180 deg
fnock * Increment [11538 deg
- B Heat Transfer (_,
B8 Piston Calibration Factor Nurnio. of Points 157
ER Head Calibration Factor Specil i
pecify Modify | Undo
B Liner Calibration Factor —I —I
B V.arlable Wall Temperatu Crank Angle ()| ValveLift (v) |
B Liner Layer Wall Temper deg mm |
= B Valve Port Specifications z % o ~
5 [E VPS[]. Pipe 1- Intake 1 2| insert Row
- A Valve Confrolled 2| 197 8e-006 Demove Bow
B8 Lift Curve 3 |199 0.000385
B8 Flow Coefiicients[1 4 |200 0.002875 —
B2 Dynamic Swirl 9 201 0.000077 Store
=B Piston Controlled 6 |202 0.019277 Ad —————
+t Chamber Valve ExciteTD Import
=—E Chamber Attach a3
=B VPS[2]: Pipe 15: Exhausl E ValveLift (mm)
=B Valve Controlied =
ES Lift Curve | 5:
B8 Flow Coefficients[1 T4
B Dynamic Swirl =2 |
= Piston Controlied 2
#—-E Chamber Valve ° : - i : : : i . .
e Chamber Attach 180 200 220 240 280 280 300 320 340 380 380
Crank Angle (deg) _I
; _>|_I Apply | Aceept | Hep |

K
Cancel

Help

(i

Fig. 8.6 Subgrupul Exhaust -> Exhaust Lift Curve

Click on Flow Coefficient pentru deschiderea ferestrei de lucru si introduceti

urmatoarele valori (tabelul 8.4 si figura 8.7):

Tabelul 8.4 Valorile Flow Coefficient

Valve Lift X
(mm)

@)

Flow Coefficient Y

0.00

0.17

0.27

0.34

0.39

0.43

0.47

0.50

0.52

0.53

Blo|o|N|oja|sw|nv(|o

0.00

Pressure Ratio:
Effective Valve Lift:

1
Activated
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Cylinder = |dentical Cylinders =

(i

Cancel
Open Chamber Gas Eng-= . =
i A\?uvwzcrvw o] Flow Coefficients Help
B Pollutants .
Knock Pressure Ratio |1 [
-~ @ Heat Transfer  Normalized Valve Lift

B Piston Calibrat\on Factor & Effective Valve Lift
EA Head Calibration Factor

ER Liner Calibration Factor Set 11 Reference Poinis

B8 Variable Wall Temperatu Valve Lift (X) ‘ FlowCoeff (Y) ‘
Ed Liner Layer Wall Temper mm 1 ‘

-- @ Valve Port Specifications -
-+ VPS[1]: Pipe 1: Intake g = Insert Row
- Remove Row
0.27 —_— |

- B Valve Controlled
034 Load

B8 Lift Curve
0.39 ~|  store

o (N2
PR R -]

B8 Flow Coefficients[1
B2 Dynamic Swirl
# Piston Controlled
ez} Chamber Valve 08
+ Chamber Attach 054 —_—
= VPS[2]: Pipe 15 Exhaus!_| | c; . ]
- B Valve Controlled H
B8 Lift Curve E —
E8 Flow Coefficients[1 E
B Dynamic Swirl
e Piston Controlled o= T T T T

=B Chamber Valve 0 2 * Jabve Lit (mm)ﬂ L] 10 g

= Chamber Attach -
“I I D Apply | Accept | Help |

Fig. 8.7 Subgrupul Exhaust -> Flow Coefficient

AIR CLEANER

Accesul la campurile necesare parametrizarii elementului filtru de aer (Air
Cleaner) din cadrul modelului general se efectueaza prin efectuarea unui click pe
element. Se acceseaza optiunile din meniu si se introduc datele prezentate in cele ce

urmeaza.

Pas 1. Optiunea GENERAL
Click pe subgrupul General si introduceti urmatoarele valori (figura 8.8 si figura

8.9):

Geometrical Properties

Total Air Cleaner Volume 101

Inlet Collector Volume 0.31
Outlet Collector Volume 0.31
Length of Filter Element 350 mm
Friction Specification Coefficient
Coefficient

Friction Coefficient 0.02
Laminar Friction Coefficient 64
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Pas 2. Optiunea FLOW COEFFICIENTS
Click pe subgrupul Flow Coefficients introduceti urmatoarele valori (figura
8.10):

(5l X
" OK |
Air Cleaner
T Air Cleaner = Cancel |
B General General
Hell
@ Friction elp |
=+-B8 Flow Coefficients Author |
B Pipe 3 Inflow - Table YT I
Ed Pipe 3 Outflow - Table
£ Pipe 27 Inflow - Table Result Name | Date!

B8 Pipe 27 Outflow - Table

Geometrical Properties-

Total Air Cleaner Volume |1 I

iniet Collector Volume 03 |
Qutlet Collector Volume -3 I
Length of Filter Element lr mm
=]
Apply | Accept | Help |

Fig. 8.8 Optiunea GENERAL

Ar X
. OK
Air Cleaner 4|
S Alr Cleaner Enen = 4|Cancel
B General L =
B Friction 7 P |
4 B8 Flow Coefficients Friction Specification ¢ Target Pressure Drop  Coefficient
Ed Pipe 3 Inflow - Table
B8 Pipe 3 Outflow - Table —Target Pi Drop
Ed Pipe 27 Inflow - Table Mass Flow F”E' —
B8 Pipe 27 Outflow - Table ks
Target Pressure Drop .0085 bar
Inlet Prassurs 1 bar
Inlet Alr Temperature |55 degc
— Coefficient
Friction Coefficient Flﬂ2 M
Lam. Friction Coeff. la H o
=
Apply | Accept | Help |
Fig. 8.9 Optiunea FRICTION
A7 x
. oK
Air Cleaner Q
Cancel
“3 Air Cleaner .
B General Flow Coefficients
Hel
B Friction =P
- E8 Flow Coefficients Pipe 3 Inflow l(_J.QB = Pipe 30utrwa198 =
g Eipe 2 ‘Sﬂg{‘" - TaTm; Flow into the Air Cleaner Flow out the Air Cleaner
Ipe utflow - Table
B Pipe 27 Inflow - Table Pipe 27 Inflow la-gﬁ = Pipe 27 Outflow lﬁ.gs =]
& Pipe 27 Outflow - Table Flow Into the Air Cleaner Flow out the AIr Cleaner
Apply | Accept | Help |

Fig. 8.10 Optiunea FLOW COEFFICIENTS
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0.98
0.98

Inflow
Outflow

Pipe 1 Pipe 2 0.98

Outflow 0.98

Inflow

CATALYST
Accesul la campurile necesare parametrizarii elementului catalizator (Catalyst)
din cadrul modelului general se efectueaza prin efectuarea unui click pe element. Se

acceseaza optiunile din meniu si se introduc datele prezentate in cele ce urmeaza.

Pas 1. Optiunea GENERAL

Click pe subgrupul General si introduceti urmatoarele valori (figura 8.11):

oK
Cancel
Help

Catalyst

|»

S Catalyst
@ General
=@ Initialization
BH Initial Solid Temperature

~| General

B Type Specification Author [
B Friction
@ Discretization EETE I
=@ Catalyst Physical Properties Result Name | Date

B8 Thermal Conductivity - T
B8 Specific Heat - Table
B8 Mass Transfer Multiplier

=@ Heat Loss

B8 External Heat Transfer C
B8 Environment Temperatul

" Chemical Reactions

Cycle Simulation: By enabling 'Chemical Reactions' the Catalyst model described in the
Aftertreatment Users Guide can be selected and the chemical processes can be modeled. By

=B Variable Wall Temperatu
B Ambient Temperature—'
B8 Radiation Sink Tempe
B8 Convection Coefficier
- [@ Washcoat
Bl [1]: My_Layer
= [1]: My_Reaction

disabling this switch only the pressure drop of the Catalyst is going to be calculated.
4 @ Diesel Oxidation Cata

Monolith Volume | o
Length of Monolith oo mm
Inlet Collector Volume 15 1

++ B Three Way Catalyst Qutlet Collector Volume [0.15 |

+-[@ Steady SCR il

+- @ Transient SCR -
4 »

rpply | Accept | hep |

Fig. 8.11 Optiunea GENERAL

Chemical Reactions none
Monolith Volume 3.21
Length of Monolith 300 mm
Inlet Collector Volume 0.151
Outlet Collector Volume 0.151

Pas 2. Optiunea TYPE SPECIFICATION
Click pe subgrupul Type Specification si introduceti valorile (figura 8.12):
Catalyst Type Specification
General Catalyst
Open Frontal Area (OFA) 1
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Hydraulic Unit

Diameter

Geometrical Surface Area

117 mm

34.188034

Catalyst

= Catalyst

B General

= Initialization

B Initial Solid Temperature
B Type Specification
@ Friction
B Discretization

=@ Catalyst Physical Properties

B8 Thermal Conductivity - T
B8 Specific Heat - Table
B8 Mass Transfer Multiplier

= Heat Loss

B8 External Heat Transfer C
B8 Environment Temperatur
= B Variable Wall Temperatu

B2 Ambient Temperature—

B2 Radiation Sink Tempe
B Convection Coefficier

=@ Washcoat

[1]: My_Layer

= [1]: My_Reaction
- @ Diesel Oxidation Cata
- Three Way Catalyst
- [@ Steady SCR

- Transient SCR =
4 | o

Type Specification

Catalyst Type Specification ¢ Square Cell Catalyst
@ General Catalyst

— Square Cell Catalyst

Cell Density (CPSI) Uiz
Wall Thickness mm

The input of the <\Washcoat Thickness:> is moved to the page <Washcoat>

— General Catalyst
Open Frontal Area (OFA)
Hydraulic Unit

@ Diameter

i Area

—

Hydraulic Diameter
Hytraulic Area
Geometrical Surface Area (GSA) 34.188034 1/m

[117 =) mm

765398 | mmv2

<

Apply | Accept | Help |

X

OK

Cancel

i

Help

Fig. 8.12 Optiunea TYPE SPECIFICATION

Pas 3. Optiunea FRICTION

Click pe subgrupul Friction si introduceti urmatoarele valori (figura 8.13):

y x
oK
Catalyst 4|
- Cancel
S Catalyst = . — 4|
B General Friction el
=@ Initialization 4”

|

|0

EH Initial Solid Temperature
B Type Specification
@ Friction
E8 Turbulent - Table
B Discretization
@ Catalyst Physical Properties
B8 Thermal Conductivity - T
B8 Specific Heat - Table
B8 Mass Transfer Multiplier
B Heat Loss
B8 External Heat Transfer C
B8 Environment Temperatul
=B Variable Wall Temperatu

B8 Ambient Temperature™

BA Radiation Sink Tempe
B Convection Coefficier
B washcoat
B [1]: My_Layer
=} [1]: My_Reaction
=B Diesel Oxidation Cata
Three Way Catalyst
Steady SCR

L 3=y =2

B Transient SCR -
KN >

Friction Specification ¢ Target Pressure Drop  Coefficient

— Target Pressure Drop

Inlet Massiow PiE ks
Inlet Temperature F2585 | dege
Inlet Pressure 4 i
Target Pressure Drop Fz2— par
— Coefficient

Laminar ( = a - Re®

Coefficient a |64— [
Coefficient b l—‘l— [

Turbulent Ia.019 o H

Friction Multiplier

Channel Shape [round ]

Apply | Accept | Help |

Aftertreatment Analysis mode:
Only the specification via
<Friction Coefficient> is used!

Cycle Simulation mode: For
laminar friction coefficient b
only the default value (b=-1) is
supported!

Fig. 8.13 Optiunea FRICTION
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Friction Specification Coefficient

Coefficient

Coefficient a 64
Coefficient b -1
Turbulent 0.019

Pas 4. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

Pipe 4 Inflow 0.98
Pipe 4 Outflow 0.98
Pipe 32 Inflow 0.98
Pipe 32  Outflow 0.98

SYSTEM BOUNDARY
Prin accesarea acestui camp de parametrizare se vor defini “granitele” modelu-
lui: zona de admisie si zona de evacuare. Accesul la fiecare zona se realizeaza

printr-un click pe elementul din cadrul modelului necesar a fi parametrizat.

Pas 1. Optiunea GENERAL
Click pe subgrupul General ->Standard -> Boundary Type (figura 8.14).

£°l X
OK |

System Boundary
~t System Boundary General =2 Cancel |

B General
Hell |
—-B8 Boundary Conditions P
B8 Pressure - Table Author |

B Gas Temperature - Table
B3 Fuel Vapour - Table
B Combustion Products - Tap  Result Name | Date
B Ratio Value - Table
B Gas Mass Fraction
Ed Flow Coefficients
=B Acoustic Source I~ Save Energy and Mass for Backflow

Transmission Loss

=@ Linear Acoustics Boundary Type:  Standard
& Impedance " Anechoic Termination
Ed Pressure

B volume Flow 7 Acoustic Source
B Source Characterization

Comment |

I~ End Correction ~|
| | j Apply | Accept | Help |

Fig. 8.14 Optiunea GENERAL

Pas 2. Optiunea BOUNDARY CONDITIONS

Click pe subgrupul Boundary Conditions si introduceti valorile din tabelul 8.5:
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Tabel 8.5 Conditiile de initializare

Set Pressure Temperature | Fuel Va- Combustion A/F Ratio
(bar) (degC) pour (-) Products (-) ()
SB1 0.969 20 0 0.0 14.57
SB 2 0.970 40 0 0.2 14.57
Selectati Local Boundary -> Conditons si Set 1 din meniul Preference (figura
8.15):
y x

~15 System Boundary
B General
- [ Boundary Conditions
B8 Pressure - Table

B8 Fuel Vapour - Table

B Ratio Value - Table
B Gas Mass Fraction
E2 Flow Coefficients
= Acoustic Source
Transmission Loss
= Linear Acoustics
B Impedance
B8 Pressure

B8 Gas Temperature - Tabl

B8 Combustion Products - T

J BR \fmliimn Clnme | _"LI

System Boundary

-

—(* Global Boundary Conditions

' B

Preference ‘Sﬂl 1

Pressure 0.969
Gas Temperature 20
Fuel Vapour [o]
Combustion Products 0
A/F-Ratio 14.57

Apply | Accept

| Help |

To specify mass flow instead of pressure connect this element to an Engine
—1 Interface element with appropriate actuator channel.

OK
Cancel
Help

Fig. 8.15 Optiunea BOUNDARY CONDITIONS

Pas 3. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

SB 1
Pipe 23
Inflow
Outflow
SB 2
Pipe 24
Inflow
Outflow
PLENUM

0.95
0.90

0.95
0.90

Prin accesarea acestui camp de parametrizare se vor defini volumele de com-

pensare ale modelului (Plenum). Accesul la fiecare volum se realizeaza printr-un

click pe elementul din cadrul modelului, necesar a fi parametrizat.
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Pas 1. Optiunea GENERAL
Click pe subgrupul General si introduceti valorile de mai jos pentru parametrul

Volume corespunzatori pentru elementele Plenum din model (figura 8.16):

Plenum 1 Volum 51
Plenum 2 Volum 21
Plenum 3 Volum 41
27 x
OK
i Plenum @ = Cancel
B General
Connection Definition Help
B Initialization Author |
--B8 Flow Coefficients ERTITEm I
B8 Pipe 1 Inflow - Table
Result Name | Date

Ed Pipe 1 Oufflow - Table
B8 Pipe 4 Inflow - Table
Ed Pipe 4 Qutflow - Table
B8 Pipe 27 Inflow - Table
B8 Pipe 27 Outflow - Table

Geometry Definition ’m

B wall Heat Transfer /I
= Linear Acoustics Volume:

B8 Inlet Impedance Volume 5 1 | |

B3 Outlet Impedance
Diameter and Length
Length la rrin
Diameier IE mim B

Apply | Accept | Help |

Fig. 8.16 Optiunea GENERAL

Pas 2. Optiunea INITIALIZATION
Click pe subgrupul Initialization si selectati Global Initialization pentru fiecare

Plenum din model. Selectati optiunea Set x din meniul Preference (figura 8.17):

Plenum 1 Set 4
Pressure 0.986 bar Temperature 70 degC A/F Ratio 14.57
Plenum 2 Set5
Pressure 1.000 bar Temperature 280 degC A/F Ratio 14.57
Plenum 3 Set 9
Pressure 0.975 bar Temperature 200 degC A/F Ratio 14.57
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&y

x

“ Plenum
B General
Connection Definition
B Initialization
--E8 Flow Coefficients
B3 Pipe 1 Inflow - Table
B Pipe 1 Outflow - Table
B8 Pipe 4 Inflow - Table
B3 Pipe 4 Outflow - Table
B2 Pipe 27 Inflow - Table
B3 Pipe 27 Qutflow - Table
Wall Heat Transfer
= Linear Acoustics
B Inlet Impedance
B Qutlet Impedance

=]

—(* Global Initialization

Preference Setd =]
Pressure 0.986 bar
Temperature 70 degC
Fuel Vapour 0
Combustion Products ]
A/F-Ratio 14.57

Apply | Accept | Help |

Plenum

B

OK
Cancel
Help

Pas 3. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

Plenum 1
Pipe 1
Pipe 9
Pipe 12

Plenum 2
Pipe 20
Pipe 22
Pipe 25

Plenum 3
Pipe 3
Pipe 24

Restrictions

Inflow
Inflow

Inflow

Inflow
Inflow

Inflow

Inflow

Inflow

0.95
0.95
0.95

0.95
0.95
0.95

0.95
0.95

Fig. 8.17 Optiunea INITIALIZATION

Outflow
Outflow
Outflow

Outflow
Outflow
Outflow

Outflow
Outflow

0.90
0.90
0.90

0.90
0.90
0.90

0.90
0.90

Dublu-Click pe grupul Restrictions si selectati subgrupurile urmatoare:
Pas 1. Optiunea FLOW COEFFICIENTS
Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

Restriction 1

from Pipe 4 to Pipe 5

from Pipe 5 to Pipe 4

Restriction 2

from Pipe 15 to Pipe 17
from Pipe 17 to Pipe 15

0.95
0.95

0.95
0.95
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Restriction 3

from Pipe 16 to Pipe 18 0.95

from Pipe 18 to Pipe 16 0.95
Restriction 4

from Pipe 19 to Pipe 20 0.95

from Pipe 20 to Pipe 19 0.95
Restriction 5

from Pipe 25 to Pipe 26 0.25

from Pipe 26 to Pipe 25 0.25

JUNCTION
Pas 1. Optiunea GENERAL
Click pe subgrupul General pentru deschiderea ferestrei de lucru (figura 8.18).

Alegeti pentru fiecare jonctiune din model unul tipurile constructive de mai jos:

Junction 1 Constant Pressure
Junction 2 Refined Model
Junction 3 Refined Model
Junction 4 Refined Model
Junction 5 Refined Model
g- x
1|ee_1i||e|.—1unct\on LI
Junction Cancel
G J.”"éi‘;lml General 4|He'p
--B8 Constant Pressure
Ed Pipe 5 Inflow - Table Author |
B8 Pipe 5 Outflow - Table T I
Ed Pipe 6 Inflow - Table
Result Name | Date|

B8 Pipe 6 Outflow - Table

Ed Pipe 7 Inflow - Table

B Pipe 7 Outflow - Table

Ed Pipe 10 Inflow - Table

B8 Pipe 10 Qutflow - Table
Refined Model

Junction Type :  * Constant Pressure
 Constant Static Pressure
 Refined Model

Apply | Accept | Help |

Fig. 8.18 Optiunea GENERAL

Pas 2. Optiunea Constant Pressure / Refined Model
Click pe subgrupul Constant Pressure (figura 8.19), sau Refined Model (figu-
ra 8.20) in functie de tipul de jonctiune care urmeaza a fi definit. Introduceti datele de

mai jos pentru fiecare jonctiune din model:
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treeimbpunctwon

S Junction
B General
- B8 Constant Pressure
B8 Pipe 5 Inflow - Table
B Pipe 5 Qutflow - Table
B Pipe 6 Inflow - Table
B Pipe & Outflow - Table
B Pipe 7 Inflow - Table
B8 Pipe 7 Qutflow - Table
B Pipe 10 Inflow - Table
B8 Pipe 10 Outflow - Table
Refined Model

Junction 1
Pipe 5 Inflow
Pipe 6 Inflow
Pipe 7 Inflow
Pipe 10 Inflow

Flow Coefficients

Pipe 5 Inflow E.QS =

Flow into the Junction

Pipe & Inflow Flgﬁ =

Flow into the Junction

Pipe 7 Inflow la-95 =

Flow into the Junction

Pipe 10 Inflow [5.95 =

Apply | Accept |

-

Pipe 50umowp.8 |

Flow out the Junction

Pipe 6 Qutflow F],Q =

Flow out the Junction

Pipe 7 Outflow F-g =

Flow out the Junction
Pipe 10 Outflow l(_J.Q = B

Help |

Fig. 8.19 Subgrupul Constant Pressure

0.95
0.95
0.95
0.95

Constant Pressure
Pipe 5 Outflow
Pipe 6 Outflow
Pipe 7 Outflow
Pipe 10 Outflow

oK
Cancel
Help

0.90
0.90
0.90
0.90

tree_title F unction

Junction

=13 Junction
B General
E8 Constant Pressure
B Refined Model

Junction 2

Angle Between Pipes
Angle Between Pipes
Angle Between Pipes

Junction 3

Angle Between Pipes
Angle Between Pipes
Angle Between Pipes

Refined Model

Angle Between Pipes 11 and 12 is ISU

Angle Between Pipes 12 and 15 Is |165

deg
deg
Angle Between Pipes 15 and 11 is |165 deg

Apply | Accept

| Help |

Fig. 8.20 Subgrupul

6 and 8 is
8and 9 is
9 and 6 is

11and 12 is
12 and 15 is
15and 11 is

Refined Model

Refined Model
90 deg
180 deg
90 deg

Refined Model
30 deg
165 deg
165 deg

0K
Cancel
Help
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Junction 4 Refined Model

Angle Between Pipes 13and 14 is 30 deg
Angle Between Pipes 14 and 16 is 165 deg
Angle Between Pipes 16 and 13 is 165 deg
Junction 5 Refined Model
Angle Between Pipes 17 and 18 is 30 deg
Angle Between Pipes 18 and 19 is 165 deg
Angle Between Pipes 19 and 17 is 165 deg
AIR COOLER

Accesul la campurile necesare parametrizarii elementului racitor (Air Cooler)
din cadrul modelului general se efectueaza prin efectuarea unui click pe element. Se
acceseaza optiunile din meniu si se introduc datele prezentate in cele ce urmeaza.
Pas 1. Optiunea GENERAL

Click pe subgrupul General si introduceti urmatoarele valori (figura 8.21):

s} CO1 - Data = =
Air Cocler LI
3 Alr Cooler P N _ Cancel |
B General
B Reference Operating Conditiol &I
--E8 Flow Coefficients Author I
B Pipe 1 Inflow - Table
Ed Pipe 1 Outflow - Table Comment |
& Pipe 21 - Table Result Name | Date
B8 Pipe 21 Outflow - Table
Geometrical Properties
Total Air Cooler Volume 2 1
Inlet Collector Volume 0.5 1
Quitlet Collector Volume 0.5 1 -
Length of Cooling Core 200 mm
Hydraulic Setting of Cooling Core:
’7I’ Hydraulic Setting -
. | Apply | Accept | Help |
Fig. 8.21 Optiunea GENERAL
Geometrical Properties CO1 CO2
Total Air Cooler Volume 201 0.41
Inlet Collector Volume 0.51 0.11
Outlet Collector Volume 0.51 0.11
Length of Cooling Core 200 mm 150 mm
Hydraulic Setting none none

118



Pas 2. Optiunea REFERENCE OPERATING CONDITIONS

Click pe subgrupul Reference Operating Conditions si introduceti urmatoare-

le valori (figura 8.22):

Friction Specification

Heat Transfer Specification

Reference Operating Conditions

Mass Flow

Inlet Air Temperature

Inlet Pressure
Friction
Friction Coefficient

Target Pressure Drop

Laminar Friction Coefficient

Heat Transfer
Coolant Temperature

Target Outlet Temperature

CO1
Coefficient
Target Outlet

0.35 kg/s
80 degC
CO1

1.0 bar

0.02

64

25 degC
69 degC

CO2
Target Pressure Drop
Target Outlet

0.04 kg/s
350 degC
CO2

2.8 bar

0.05 bar

65 degC
80 degC

S5 Air Cooler
B General
[ Reference Operating Conditiol
-8 Flow Coefficients
Ed Pipe 1 Inflow - Table
B Pipe 1 Outflow - Table
Ed Pipe 21 Inflow - Table
B8 Pipe 21 Outflow - Table

< |

Reference Operating Conditions

Friction Specification

Heat Transfer Specification

" Target Pressure Drop

+ Coefficient

@ Target Outlet Temperature
¢ Target Efficiency

' Heat Transfer Factor

— Reference Operating Conditions

Mass Flow p3s ks
Inlet Alr Temperature o degc
Inlet Pressure |17 bar
— Friction
Target Pressure Drop |5.05 bar
Friction Coefflicient poz— @
Lam. Friction Coeff. I
— Heat Transfer-
Coolant Temperature lﬁi degC
Target Outiet Temperature B9 | degC
Target Efficisncy [2 T H
Appy | Accept | Hep |

OK |
e

Cancel

Help |

Fig. 8.22 Optiunea REFERENCE OPERATING CONDITIONS
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Pas 3. Optiunea FLOW COEFFICIENTS

Click pe subgrupul Flow Coefficients si introduceti urmatoarele valori:

CO1 Inflow Outflow
Pipe 1 0.95 0.90
Pipe 21 0.95 0.90
Co1 Inflow Outflow
Pipe 26 0.95 0.90
Pipe 27 0.95 0.90
TURBOCHARGER

Accesul la campurile necesare parametrizarii elementului turbocompresor
(Turbocharger) din cadrul modelului general se efectueaza prin efectuarea unui
click pe element. Se acceseaza optiunile din meniu si se introduc datele prezentate

in cele ce urmeaza.

Pas 1. Optiunea GENERAL
Click pe subgrupul General si selectati optiunea Simplified Model (figura
8.23):

27 "
OK
Turbocharger
- - Cancel
“ig Turbocharger =
‘| Ge“em? General
- @ Simplified Model —IHeIp
- B Compressor Author |
B8 Compressor Efficienc T I
=@ Turbine
B8 Equiv. Turbine Dischz Result Name I Date!

B3 Corrected Mass Flow
B8 Corrected Volume Flc
B3 Turbine Efficiency - T
B Mechanical Efficiency Calculation Type

=B Full Model & simplified Model
BB Mechanical Efficiency - T  Full Model =
= Compressor
&5 Map Specification ¢ Full Model with Turbocharger Tool Performance Maps ~|

. 8 surae Line e Apply | Accept | Hep |

Fig. 8.23 Optiunea GENERAL

Pas 2. Optiunea SIMPLIFIED MODEL

Click pe subgrupul Simplified Model si introduceti urmatoarele valori pentru
subgrupul Compressor (figura 8.24), respectiv pentru subgrupul Turbine (figura
8.25):
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€5

X

Turbocharger

|»

“t] Turbocharger
B General
- @ simplified Model
- [E Compressor
B Compressor Efficienc

Compressor

B8 Mechanical Efficiency - T
= Compressor
Ed Map Specification

B Surge Line Pressure
=} Turbine Temperature
=-@ Performance Maps
. .=.H.__l...._ﬁ__.__.»_ Apply |

@ Corrected Volume Flow m"3/s

- B Turbine © Corrected Mass Flow  jgrs
B Equiv. Turbine Dischz | Corrected Flow <==> Corrected Flow with Reference
B Corrected Mass Flow Reduced Flow <==> Corrected Flow with No Reference
B Corrected Volume Fic
B8 Turbine Efficiency - T Pressure Ratio lz [
b m Fuﬁﬁmzlsglhamca\ Efficiency Compressor Efficiency ID%? = %

Reference Conditions

o
|E5 degC

Help |

OK
= Cancel
Help

Fig. 8.24 Optiunea SIMPLIFIED MODEL — COMPRESSOR

Calculation Mode
Compressor

Corrected Volume Flow
Pressure Ratio
Compressor Efficiency
Reference Conditions
Pressure

Temperature

Turbine

Flow Type

Equiv. Turbine Discharge Coeff.
Pipe Area Scalling Factor
Turbine Size Multiplier
Turbocharger Overall Efficiency
Mechanical Efficiency

Boost Pressure Calculation

(m3/s)
2
0.7

1 bar
25 degC

Discharge Coefficient
0.1

1

1

0.5

0.98
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B General
-~ [E Simplified Model
-~ B Compressor
B8 Compressor Efficienc!
- @ Turbine
B Equiv. Turbine Dische
B Corrected Mass Flow
B8 Corrected Volume Flc
B8 Turbine Efficiency - T
B8 Mechanical Efficiency
=@ Full Model
BR Mechanical Efficiency - T
=B Compressor
B Map Specification
B Surge Line
=t Turbine
= Performance Maps
B Pressure Discharg
B3 Pressure Discharg
B3 Pressure Discharg
B8 Pressure Discharg
B8 Pressure Discharg
B8 Pressure Discharg
B Map Efficiency[1]
B Map Efficiency[2]
B Map Efficiency[3]
B Map Efficiency[4]

B3 Map Efficiency[6]

B Pine Attarhments
4 | 3

Turbocharger

«| Turbine

B

Flow Type ‘Dlscharge Coefficient

1 REferenee + M REErEnce

©  Turbing Reference Area

*  Pipe Area Scaling Factor
Correcied Mass Flow
Corrected Volume Flow

Equiv. Turbine Discharge Coeff. EJ - H

Corrected Flow <==> Corrected Flow with Reference
Reduced Flow <==> Corrected Flow with No Reference

|
MBS 5G1(K)

[ w2

1 H
[ _iwsg
L

R e Conditions
Pressure Ralio [ ©
Pressure [ b
Temgerature [ denc

Turbine Size Multiplier

B Map Efficiency[5]: 1__|

© Turbine Efficiency
Mechanical Efficiency

Apply | Accept |

@&  Turbocharger Overall Efficiency l(-].S [

1 [

= -
[o-g8 =) (8]

Help |

OK |
[ & |

Cancel

Help |

Fig. 8.25 Optiunea SIMPLIFIED MODEL — TURBINE

In subgrupul Pipe Attachments, conexiunile la conductele de legatura la intra-

rea si iesirea din compresor, respectiv la intrarea si iesirea din turbina sunt generate

automat de catre program asa cum este prezentat in figura 8.26.

g- x
oK

Turbocharger 4|

Y14 Turbocharger b ﬂl

B General
- @ Simplified Model
-~ B Compressor
B Compressor Efficienc
=B Turbine
Ed Equiv. Turbine Dischz
B Corrected Mass Flow
B8 Corrected Volume Fic
B8 Turbine Efficiency - T
Ed Mechanical Efficiency
= Full Model

B Mechanica EﬁICIE!nC\u’—_T'LI
4 »

Pipe Attachments

Pipe 2 - COMPRESSOR INLET

Pipe 21 - COMPRESSOR OUTLET

Pipe 22 - TURBINE INLET
Pipe 28 - TURBINE QUTLET

Apply | Accept |

Help |

Fig. 8.26 Optiunea PIPE ATTACHMENTS
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Laborator 9:

Modelarea si simularea unui motor po-
licilindric cu aprindere prin comprima-
re. Parametrizare harti ECU.

Scop
e Crearea, parametrizarea si simularea unui model de motor cu aprindere prin

comprimare policilindric.

Obiective educationale si de formare a competentelor
e Formarea abilitatilor de utilizare a unor metode moderne de investigare a pro-
ceselor functionale ale motoarelor cu ardere interna;
« Insusirea de competente avansate in procesele de modelare si simulare com-

puterizata.

Prezentarea lucrarii

Lucrarea prezinta algoritmul de utilizare a programului de modelare si simulare
AVL BOOST in modelarea unui motor cu aprindere prin comprimare policilindric. Se
prezinta detaliat modul de parametrizare a elementului de comanda si control (ECU)
al modelului. De asemenea procesul de parametrizare a motorului policilindric fiind

finalizat este prezentat si procesul de simulare si afisare a rezultatelor.

Desfasurarea lucrarii

Lucrarea de laborator se desfasoara prin parcurgerea algoritmului prezentat in
cele ce urmeaza, in scopul realizarii unei aplicatii practice de modelare a unui motor
policilindric cu aprindere prin comprimare, fiind o continuare a lucrarilor de laborator

cu numarul 7 si 8.
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Se incarca modelul deja realizat prin accesul optiunii File -> Open, din bara de

mediu, si se continuad procesul de parametrizare a modelului.

PIPES
Pas 1. Optiunea GENERAL

Click pe subgrupul General pentru deschiderea ferestrei de lucru (figura 9.1).
Pentru fiecare conducta din cadrul modelului introduceti datele din tabelul 9.1. Valoa-
rea initiala de (100000 mm) este utilizatéd pentru caracterizarea parametrului general
Bending Radius. In subgrupul Initialization, selectati Global set din meniul Prefe-

rence si selectati seturile de initializare specificate in tabelul 7.1 (figura 9.2).

] 23 - Data = B
e > |
Do - Cancel
i Pipe General B 4|
- B General Help |

B Diameter - Table
B8 Hydraulic Diameter - Table | Lmor I
B8 Hydraulic Area - Table

Ed Bending Radius - Table

E8 Lam. Friction Coeff. - Tableg
B8 Friction Coefficient - Table

B Surfgce Ruu.ghness - Table Pipe Length Imi T
BR Friction Multiplier - Table
B2 Heat Transfer Factor - Tab| Diameter |100 | mm

& wall Temperature - Table | = Hygraulic Setting Hydraulic Unit = DIEMEED © A=A

- Initialization
Hydraulic Diarnater | ~

EF Pressure - Table

Comment |

Result Name | Date

B Gas Temperature - Table Hydraulic Ara I
EA Fuel Vapour - Table . l_ -
& Combustion Products - Tap | BentPipe N G

B8 Ratio Value - Table

=B Variable Wall Temperature
B8 Ambient Temperature - Tal
ER Radiation Sink Temperatur
B8 Convection Coefficient - Ta
B Linear Acoustics
Absorptive Material

Lam. Friction Coeff. E = [

Turbulent Friction © Coefficient ¢ Surface Roughness
Friction Coefficient E.OS& o H

Surface Roughness FM | mm

Friction Muliiplier |1 R

I~ Absorptive Material

'

Gas/Wall Heat Transfer  [Re-Analogy j

Apply | Accept | Help |

Fig. 9.1 Optiunea GENERAL

X

OK
N - Cancel

5 Pipe — Global Initialization B [
= B General

B Diameter - Table Preference ‘Set 1 Help

B8 Hydraulic Diameter - Tat Pressure 0969 ser

B3 Hydraulic Area - Table

B Bending Radius - Table Gas Temperalure 20 degC

=] La.m Friction C.Ueﬂ -Ta Fuel Vapour 0

B8 Friction Coefficient - Tab

B Surface Roughness - Ta Combustion Products 0

B8 Friction Multiplier - Table AF-Ratio 1457

B Heat Transfer Factor - T

B wall Temperature - Tabl
- [ Initialization =
L P R Apply | Accept | Help |

Fig. 9.2 Optiunea INITIALIZATION
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Tabel 9.1 Caracteristicile elementelor Pipes

Pipe No. | Pipe Len- Diameter Friction Wall Temp | Global Inititia-
gth (mm) (mm) Coeff (-) (degC) lization
Pipe 1 1000 50 0.038 69 Set 4 global
Pipe 2 1000 TABLE 1" 0.020 34 Set 2 global
Pipe 3 500 TABLE 2° 0.020 226.7 Set 8 global
Pipe 4 40 70 0.034 69 Set 4 global
Pipe 5 100 70 0.034 69 Set 4 global
Pipe 6 100 70 0.020 69 Set 4 global
Pipe 7 300 30 0.036 69 Set 4 global
Pipe 8 300 30 0.036 69 Set 4 global
Pipe 9 300 30 0.036 69 Set 4 global
Pipe 10 300 30 0.036 69 Set 4 global
Pipe 11 60 34 0.040 280 Set 5 global
Pipe 12 60 34 0.040 280 Set 5 global
Pipe 13 60 34 0.040 280 Set 5 global
Pipe 14 60 34 0.040 280 Set 5 global
Pipe 15 50 35 0.023 280 Set 5 global
Pipe 16 50 35 0.023 280 Set 5 global
Pipe 17 350 50 0.023 280 Set 5 global
Pipe 18 350 50 0.023 280 Set 5 global
Pipe 19 50 50 0.020 280 Set 5 global
Pipe 20 50 50 0.021 280 Set 5 global
Pipe 21 1000 TABLE 3° 0.038 80 Set 3 global
Pipe 22 500 100 0.038 22 Set 1 global
Pipe 23 500 100 0.038 280 Set 5 global
Pipe 24 1000 50 0.038 40 Set 10 global
Pipe 25 150 20 0.035 280 Set 5 global
Pipe 26 100 20 0.035 280 Set 5 global
Pipe 27 150 22 0.035 80 Set 6 global
Pipe 28 150 50 0.020 252 Set 7 global
Tabel 9.2 Caracteristicile geometrice ale elementelor Pipes
Nr. TABLE 1 TABLE 2 TABLE 3
X [mm] Y [mm] X [mm] Y [mm] X [mm] Y [mm]
1 0 250 0 50
2 50 250 500 50
3 350 200 750 100
4 800 200 1000 100
5 1000 175 - -
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Deoarece conductele 2, 3 si 21 sunt atribuite elementelor: turbocompresor, ca-
talizator si respectiv racitor, acestea nu au un diametru constant pe toata lungimea
lor (vezi forma constructiva a elementelor specificate) si de aceea trebuie definite cu
ajutorul functiilor de parametrizare tabelare (tabelul 9.2).

Pentru aceasta se face click pe simbolul V¥, iar la deschiderea sub meniului se
selecteaza optiunea Table (figura 9.3). Pentru activarea campurilor de introducere a

datelor de mai jos se selecteaza optiunea Insert Row.

OK
" - -~ Cancel
3 Pipe — —
- B General General "
B8 Diameter - Table 4”

B8 Hydraulic Diameter - Tat Author |
B3 Hydraulic Area - Table

Ed Bending Radius - Table
B8 Lam Friciion Coeff. - Ta | Result Name | Date
B8 Friction Coefficient - Tab
B8 Surface Roughness - Ta

B Friction Multiplier - Table Pipe Length  [1000

Comment |

EA Heat Transfer Factor - T Diameter Table
B Wall Temperature - Tabl X - _
= @ Initialization I Hydraulic Setting Hydraulic Unit & Diziieier © Az
BEA Pressure - Table Hydraulic Di 20—
B8 Gas Temperature - Tabli Diameter (mm}
8 Fuel Vapour - Table Hydraulic Area 240 ]
B8 Combustion Products - T [~ Bent Pipe Bending Padius 2201
B Ratio Value - Table - 2
= Variable Wall Temperature \LENLL FERIT (3 EN Rk
B8 Ambient Temperalure -7 | Turbulent Friction © Coefficient © Surfé £210
ER Radiation Sink Temperat T (R IGUE— ém
B8 Convection Coefficient - _| fiction L4y _ =l E
Linear Acoustics Surface Rougnness |01 110
B Absorptive Material hd
g8 e I _,,J Apply | Accept | Hep =]
170 - T

T T T
o 200 400 @00 800 1000
Location (mm)

Fig. 9.3 Optiunea GENERAL — selectarea optiunii Table

MEASURING POINT

Introducerea punctelor de masurare si monitorizare in cadrul unui model apare
ca si o necesitate in achizitia unor parametrii specifici, pentru analiza suplimentara a
acestora (pe langa valorile reiesite din simularea modelului). In cazul de fatd ne inte-
reseaza care este variatia coeficientului de umplere (sau randamentul volumetric) in

cadrul unui ciclu functional al motorului cu aprindere prin scanteie studiat.
Pas 1. Optiunea GENERAL

Click pe subgrupul General si introduceti urmatoarele valori (figura 9.4 si tabe-
lul 9.3):
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Measuring Point

“t] Measuring Point
B General

General

Author |
Comment |

Result Name | Date|

Located in Pipe 2 (length 1 m)

Location of Measuring Point from Upstream Pipe End [100 mi

Output Extent :
 Standard
 Extended

Apply | Accept | Help |

Fig. 9.4 Optiunea GENERAL

Tabel 9.3 Amplasarea punctelor de masurare

Measuring Point Location of Measuring Point Output Extension
from Upstream Pipe End (mm)
Measuring Point 1 100 Extended
Measuring Point 2 100 Extended
Measuring Point 3 50 Extended
Measuring Point 4 50 Extended
Measuring Point 5 100 Extended
Measuring Point 6 100 Extended
Measuring Point 7 50 Extended
Measuring Point 8 50 Extended
Measuring Point 9 100 Extended
Measuring Point 10 100 Extended
Measuring Point 11 50 Extended
Measuring Point 12 100 Extended

Reference Point for Volumetric Efficiency

Selectati optiunile Simulation -> Volumetric Efficiency pentru deschiderea fe-

restrei de lucru. Selectati Measuring Point 2 ca si element de referinta (figura 9.5).

ReferenceElement

Reference Element J

Current reference element.  Measuring Point 'MP2'

Valid reference elements are plenum and measuring point.

OK

Cancel

Pl

Help

Fig. 9.5 Optiunea Volumetric Efficiency
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ECU
Pas 1. Optiunea GENERAL

Dublu click pe elementul ECU pentru editare (figura 9.6). Click pe optiunea

General si introduceti valorile de mai jos:

Desired Engine Speed 2500 rpm
Speed Control Gains
Proportional 0.01 1/rpm
Integral 0.001 1/rpm/s
Differential 0 s/rpm
Load Signal Base Value 0
Dynamic Functions Activated for
Positive load changes greater than 11/s
Negative load changes smaller than 11/s
Frecquency Control Cyclic
o |
“t Engine Control Unit = General = ﬂl
- B General
B Load Signal - Table &I
B8 Desired Engine Speed - Author |
=B Map Specification T I
Maps Flow Chart
=B [1]: C1 - Fuelling Result Namel Date
[E Baseline Map
B Maximum Map
B Minimum Map © Load Signal 0 H
5 @ [2]. C2 - Fuell & ’ ’
B Baselln:el\ﬂ:g Desired Engine Speed |§500 | TPm
B Maximum Map Speed Control Gains :
B Minimum Map - i Fi.m
- [3]: C3 - Fuelling Propomona.l e
[B) Baseline Map - Integral -001 rpm/s
B Maximum Map —  _ differential loi s/rpm
- [,qthg:ITﬁTe?ﬂ:z Load Signal Base Value l(_l H
=] Ba5§line Map Dynamic Functions Activated for -
: m?:lr:]ﬁr? "\T:; - positive load changes greater than |1 1Is |
-@ [a]: C1 f.Stan of Injection - negative load changes smaller than |1 s
: azr;ﬂ%h::a% Freguency Control Cyclic j =]
. @ Minimiim M:nl _>|;| Apply Accept | Help |

Fig. 9.6 Optiunea GENERAL

Pas 2. Optiunea MAP SPECIFICATION

Click pe optiunea Map Specification. Inserati in randurile tabelului elementele
controlate si comandate de ECU (figura 9.7). Faceti click pe butonul de acces la me-
niu si alegeti parametrul de defineste fiecare element controlat si comandat de ECU
elementul (optiunea necesara). Pentru Cylinder 1 ... 4: Fuelling - masa de combus-

tibil injectatd, Start of Injection — respectiv momentul de inceput al injectiei.
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Element
Cylinder1 ... 4
Cylinder1 ... 4

Actuator Channel
Fuelling

Start of Injection

“2 Engine Contral Unit
- B General
B3 Load Signal - Table

- B Map Specification
E Maps Flow Chart
-—@ [1]: C1 - Fuelling
[E Baseline Map
& maximum Map
& Minimum Map
-~ [2]: C2 - Fuelling
[E Baseline Map
B Maximum Map
& Minimum Map
-[@ [3]: C3 - Fuelling
[E Baseline Map
& Maximum Map
& Minimum Map
-~ [@ [4]: C4 - Fuelling
[El Baseline Map
[E Maximum Map
4] |

B Desired Engine Speed -

i

Map Specification
Element Actuator Channel

1 |Cylinder 1 Fuelling
2 |Cylinder 2 Fuelling
3 |Cylinder 3 Fuelling
4 |Cylinder 4 Fuelling
5 |Cylinder 1 Start of Injection
6 |Cylinder 2 Start of Injection
7 |Cylinder 3 Start of Injection
8 |Cylinder 4 Start of Injection
9

_10 |

Insert row and node
Remove row and node

Apply | Accept |

Engine Control Unit

-

Fig. 9.7 Optiunea MAP SPECIFICATION

Pas 3. Engine Control Unit - Maps Flow Chart

Click pe optiunea Maps Flow Chart. Se va deschide ecranul in care este pre-

zentat modul de compunere si functionare a ECU pe baza hartilor specifice procese-

lor functionale ale motorului (figura 9.8).

Engine Control Unit

"2 Engine Control Unit
- @ General
B Load Signal - Table
B8 Desired Engine Speed -
=B Map Specification
B Maps Flow Chart
=@ [1]: C1 - Fuelling
[E Baseline Map
B Maximum Map
B Minimum Map
—+ @ [2]: C2 - Fuelling
[ Baseline Map
B Maximum Map
E Minimum Map
=@ [3]: C3 - Fueling
[E Baseline Map
B Maximum Map
B Minimum Map
~ @ [4]: C4 - Fuelling
E Baseline Map
E Maximum Map
E Minimum Map
=@ [5]: C1 - Start of Injection

M Razeline Man
mC—— D

L]

Maps Flow Chart

acceleration 4-(}#: -

@

L

comected
valugs

acceleration
cormrection
map 1

Frniin Yroin Frna Yrrax

baseline Foer] ]
T acel Yace l l l l
2ol +h
steady
| 'P T state
stead
statey Xdeo! Yooc! minimun — Maxinnum
steady valug i i map map
state
baseline izl decelsration
iy S comection
P comection map 1
map 1
e
el el deceleration —eC--—r{
Apply Accept Help

oufput
value

Fig. 9.8 Optiunea ENGINE CONTROL UNIT — MAPS FLOW CHART
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Pas 4. C1 - Fuelling
Click pe optiunea C1 — Fuelling. Selectati pentru meniul Baseline Value opti-

unea Map pentru parametrul C1 — Fuelling (figura 9.9).

Engine Control Unit

|»

“r3 Engine Control Unit
- B General
B Load Signal - Table
B8 Desired Engine Speed -
- B Map Specification
B Maps Flow Chart
- B [1]: €1 - Fuelling
[E Baseline Map
[E Maximum Map
& Minimum Map
- @ [2]. C2 - Fuelling
[E Baseline Map
& Maximum Map
[E Minimum Map
-@ [3]: C3 - Fuelling
[E Baseline Map
[E Maximum Map
& Minimum Map —
- @ [4]: C4 - Fuelling
[E Baseline Map
B vaximum Map
& Minimum Map
- @ [5]: C1 - Start of Injection
[E Baseline Map
& vaximum Map
[E Minimum Map

e s I’_»]LI

Input of Maps

Baseline Value: ¢ Actual Value
« Map

Corrections: Steady Stats
Pf you want maps use right mouse button on tree item to add maps

— Corrections: Positive Load Chang

- Lag Time for Correction oﬁ|1 s
0ﬁ|1 s

If you want maps use right mouse button on tree item o add maps

on |1 s

- Time Constant for Correction on |1 s

— Corrections: Negative Load Chang

- Lag Time for Correction on |1 s 0ﬁ|1 s

- Time Constant for Correction on |1 s 0ﬁ|1 s

If you want maps use right mouse button on tree item to add maps

Apply | Accept | Help |

Fig. 9.9 Optiunea C1 — FUELLING

Pas 5. C1 - Fuelling Baseline Map

oK
Cancel
Help

Click pe optiunea Baseline Map. Introduceti datele din figura 9.10:

Speed
Load Signal
Fuelling

2500 rpm
1
4.00 mg

Engine Control Unit

“t Engine Control Unit
- B General
B Load Signal - Table
B8 Desired Engine Speed -
=B Map Specification
B Maps Flow Chart
-[@ [1]: C1 - Fuelling
[ Baseline Map
& Maximum Map
B Minimum Map
--[@ [2]: C2 - Fuelling
[E Baseline Map
B Maximum Map
& Minimum Map
- [@ [3]: C3 - Fuelling
[E Baseline Map
E Maximum Map

. Rt |

i

Baseline Map

Element | Sensor Channel
|Load_signal
|speed

X ECU1
Y |Engine 1

' E]
{HT
5 |
1|2 | s |
LoadSgnl (-)
o 1 —
| ‘ Remove Row

|
(mg) —_—
4 _ Insert Col.

Remove Col.

Insert Row

Speed (rpm)
2500 0

Load

e

Store

Apply | Accept Help

Fig. 9.10 Optiunea C1 — FUELLING BASELINE MAP
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Click pe optiunea Maximum Map si introduceti datele din figura 9.11:

Speed 2500 rpm
Load Signal 1
Fuelling 4.50 mg
" . OK
Engine Control Unit Q
- . Cancel
“i Engine Control Unit . 4|
= B General Maximum Map o
£ Load Signal - Table Element | Sensor Channel | P
B Desired Engine Speed - X |ECU1 \Loadisignal
= B8 Map Specification Y |Engine 1 \Speed
B Maps Flow Chart
- [@ [1]: C1 - Fuelling 1 | 2 | £ |
[ Baseline Map Loadsgnl (-} Insert Row
[ Maximum Map |0 1 ‘ | JE——
Remove Row
. 2 - Fuckng Speed (rpm) () e
- &2 - Fueling 1 | [2s00 o 45 Insert Col.
[ Baseline Map _ |
B Maximum Map A Remove Col.
& Minimum Map 43 Load
- [3]° C3 - Fueliing 4]
B Baseline Map 5 Store
& Maximum Map = LI
. = i 1 _'l_l popy | Accept Heip

Fig. 9.11 Optiunea C1 — FUELLING MAXIMUM MAP

Click pe optiunea Minimum Map si introduceti datele din figura 9.12:

Speed
Load Signal
Fuelling

2500 rpm
1
3.50 mg

“13 Engine Control Unit =
- B General
B Load Signal - Table
B8 Desired Engine Speed -
=B Map Specification
B Maps Flow Chart
-[@ [1]: C1 - Fuelling
[E Baseline Map
& Maximum Map
[E Minimum Map
--[@ [2]: C2 - Fuelling
[E Baseline Map
B Maximum Map
& Minimum Map
- [@ [3]: C3 - Fuelling
[E Baseline Map
E Maximum Map

‘ |

i

Minimum Map
Element

| Sensor Channel |

X |ECU1

|Load_signal

Engine 1

|speed

1 | 2

Speed (rpm)

2500 0

e

Remove Row

Remove Col.

Insert Row

Insert Col.

Load

Store

Apply | Accept

Help

Engine Control Unit

Fig. 9.12 Optiunea FUELLING MINIMUM MAP
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Definiti in mod identic optiunea Fuelling pentru cilindrii C2, C3 si C4 pentru

hartile de injectie de baza, de corectie maxima si respectiv de corectie minima.

Pas 6. C1 — Start of Injection
Click pe optiunea C1 — Start of Injection. Selectati pentru meniul Baseline

Value optiunea Map pentru parametrul C1 — Start of Injection (figura 9.13).

Engine Control Unit

E Maximum Map ;l
E Minimum Map
—[@ [3]: C3 - Fuelling
[E Baseline Map
B Maximum Map
E Minimum Map
=@ [4]: C4 - Fuelling
& Baseline Map
E Maximum Map
E Minimum Map
- [@ [5]: C1 - Start of Injection
[E Baseline Map
E Maximum Map
E Minimum Map
- @ [B]: C2 - Start of Injection
& Baseline Map
E Maximum Map
E Minimum Map
—-[@ [7]: C3 - Start of Injection
B Baseline Map
E Maximum Map
B Minimum Map
= [@ [8]: C4 - Start of Injectior—

& Baseline Map
_>I_I

Bl Maximum Map

4] |

Input of Maps

Baseline Value: " Actual Value
& Map

Corrections: Steady Stat
Pr you want maps use right mouse button on tree item to add maps ‘

— Corrections: Positive Load Ch

'J

- Lag Time for Correction on |1 s ofr|1 5

- Time Constant for Correction on |1 s 0ﬁ|1 s
If you want maps use right mouse button on free item to add maps

— Corrections: Negative Load Chang

- Lag Time for Correction on |1 s ofr|1 5

- Time Constant for Correction on |1 s 0ﬁ|1 s
If you want maps use right mouse button on tree item to add maps

Apply | Accept | Help |

Fig. 9.13 Optiunea C1 — START OF INJECTION

Click pe optiunea Baseline Map. Introduceti datele din figura 9.14:

Speed 2500 rpm
Load Signal 1
Start of Injection - 5.50 deg
(5]
Engine Control Unit
-~@ [3]: C3 - Fuelling = . =
H Baseline Map Baseline Map
B Maximum Map Element | Sensor Channel | - ﬁ
B Minimum Map X [ECU1 |Load_signal B
=@ [4] C4 - Fuelling Y |Engine 1 |speed H
B Baseline Map =
B Maximum Map 1 | 2 | 5 ‘
B Minimum Map Loadsgn () Insert Row
— @ [5]: C1 - start of Injection |O |1 -
i Pamove Fow
= — Speed (rom) (ceq) REEmOvE N
aximum Map 1 | [2s00 0 55 ﬁ Insert Col.
B Minimum Map -
- @ [6]: C2 - Start of Injection L Pemove Col.
[ Baseline Map ﬂ e
B Maximum Map 4
E Minimum Map 3 Store - |
—-@ [7]: C3 - Start of Injection -
al i _’lJ Apply | Accept | Help |

OK
Cancel
Help

Fig. 9.14 Optiunea C1 — START OF INJECTION BASELINE MAP
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Click pe optiunea Maximum Map. Introduceti datele din figura 9.15:

Speed 2500 rpm
Load Signal 1
Start of Injection - 6.00 deg

Engine Control Unit LI

- Cancel

Help

B Maximum Map .
E Minimum Map Maximum Map

- B [3]: C3 - Fuelling Element | Sensor Channel |
[B Baseline Map X |Ecu1 |Load_signal
E Maximum Map Y |Engine 1 |Speed
B Minimum Map

— @ [4]: C4 - Fuelling 1 | 2 | 3 ‘
[E Baseline Map LoadSgnl (-)
B Maximum Map |O |1 ‘ | 0 |
& Minimum Map Remove Row

--@ [5]: C1 - Start of Injection zgg(?d {rpm) 0 5 megh Insert Col.
& Baseline Map _
E Maximum Map Remove Col.
E Minimum Map

— @ [B]: C2 - start of Injection

& Baseline Map

B Maximum Map v
4 | 5 Apply | Accept Help

Insert Row

Load

Store

sl

Fig. 9.15 Optiunea C1 — START OF INJECTION MAXIMUM MAP

Click pe optiunea Minimum Map. Introduceti datele din figura 9.16:

Speed 2500 rpm
Load Signal 1
Start of Injection - 5.00 deg

Engine Control Unit 4IOK
E Maximum Map =l - Cancel

B Vinimum Map Minimum Map hep

- B [3]: C3 - Fuelling Element | Sensor Channel |
[B Baseline Map X |Ecu1 |Load_signal
E Maximum Map Y |Engine 1 |Speed
B Minimum Map

— @ [4]: C4 - Fuelling 1 | 2 | 3 ‘
[E Baseline Map LoadSgnl (-)
E Maximum Map |O |1 ‘ |
& Minimum Map Remove Row

. _— Speed (rpm) (deg T
--@ [5]: C1 - Start of Injection 2500 o 5 Insert Col.
& Baseline Map _

B Maximum Map Remove Col.
& Minimum Map

— @ [B]: C2 - start of Injection
& Baseline Map

B Maximum Map v
4 | 5 Apply | Accept Help

Insert Row

Load

sl

Store

Fig. 9.16 Optiunea C1 — START OF INJECTION MINIMUM MAP
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Definiti in mod identic optiunea Start of Injection pentru cilindrii C2, C3, res-
pectiv C4 pentru hartile de injectie de baza, de corectie maxima si respectiv de co-

rectie minima.

Atentie !!! Nu uitati sa apasati butonul Apply pentru ca datele deja introduse (si
setarile astfel realizate) sa fie salvate ! inainte de a porni simularea salvati mo-

delul !

Run Simulation
Selectati optiunile Simulation -> Run din meniul de baza sau click pe butonul

din bara de instrumente » pentru deschiderea ferestrei de lucru (figura 9.17).

Programs File Edit Model Simulation Optimization Options Uilities Help AVL 3
AT e R [wsf-] NZ /A AROCOEA S [« - [ |
ch + K P ';m; Q = (1 f? fij‘ I—m E@ Parameter Values

Elements. | Model |

= Elements = O CO1

@ cylinder WP
& Engine 27 1
%3 Mechanical Consumer 7 10
s Vehicle
@ Rotary Piston Engine Rotor Ti MP4
X Measuring Point CATA MF
1= Dummy 1
[ Aftertreatment Pipe
~|v Boundaries ECut
|- system Boundary
|- Aftertreatment Boundary
-} Internal Boundary
—H|7 Transfer
~+ Restriction
[%] Throtte
+ Rotary Valve
< Check Valve
J» Injector
| Atertreatment Injector
&9 Junction
| Volumes
[ Plenum

=4 30 Cell General - -
al N R - | j

c\Wsers\calin_000\Documents\Curs\Management Motoare Autovehicule Transportlaboratoriboosfimodel-2-mac.bwf loaded!

Fig. 9.17 Optiunea RUN SIMULATION

MF'21 PL1 R1

3 1

Cases: selectati toate cazul de simulare si porniti procesul de simulare (figura
9.18).

Tasks: selectati cazul de simulare care sa contina seturile de date necesare a
fi analizate si rezultate in urma procesului de simulare.

Pentru inceperea efectiva a procesului de simulare click pe butonul Run, iar in
fereastra ce se va deschide se poate urmari desfasurarea si informatii suplimentare

privind procesul de simulare (figura 9.19).
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model-2-mac 2016-02-28 14:54:34

[E] Tasks:

-  Model Creation
S W Cycle Simulation
all.Case [ Creation of Series Results

r Computing Resources
b Advanced Options
b Preprocessing Log

Fig. 9.18 Optiunea RUN SIMULATION

o bl W lel &M | | Monitor k [Q model-2-mac 2016-02-28 14:54:34
Run Project Model
model-2-mac2 Laborator

-

Case Set Case
1

Progress
model-2-mac | all

Case acle Simulatio running

« 4 |f » [HSEOR » Laborator » model-2-

Status
Status message

model-2-mac 2016-02-28 14.54.34 » all » C

running Queue time

2016-02-28 1

Start time 2016-02-28 1.

Process/Grid ID 600 Finish time
CPU Time Life time

3 min, 28 sec
Hidl Bl

Log file name: |Simu|ation

& ?E—'J & %|Q Search logfile

Boost Main Permanent license
Boost Charging Permanent license

Starting calculaticon

Cycle IMEP [bar] of cylinder

Fig. 9.19 Derularea procesului de simulare
Odata cu finalizarea procesului de simulare faceti click pe butonul OK pentru

iesire din aceasta fereastra de lucru, iar dupa aceea, alegeti optiunea Close pentru
iesirea din fereastra de lucru Simulation Status (figura 9.20).
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Case Sets

[Q Type o filte

Iv] Y klo\f;—;::"é |LJ

Case Set

1 all

Cases  Status | Case Status Progress

1 completed 1 Case completed S %

3

3

Fig. 9.20 Incheierea procesului de simulare

Analiza rezultatelor (Impress Chart)

Analiza rezultatelor obtinute se va efectua cu ajutorul programului de post-
procesare Impress Chart. Din meniul Simulation — Show Results (figura 9.21) in-
carcam rezultatele simularilor in Impress Chart (figura 9.22).

Elements. | Model |

Programs File Edit “=7ent Model Simulation Optimization Options LUtiliti

™ BH&KJO i
Lt i) Gk PR =il

> T B L

e Bl | eAs -

[ Parameter Values

194 .733/161.219 [mm]

|7 Elements
@ cylinder
Q Engine
% Mechanical Consumer
s Vehicle
(@ Rotary Piston Engine Rotor
¥ Measuring Point
1= Dummy
L Aftertreatment Pipe
-7 Boundaries
| system Boundary
| Aftertreatment Boundary
-} Internal Boundary
= Transfer
-+ Restriction
[ Throttle
F Rotary valve
< Check Valve
1 Injector
i Aftertreatment Injector
&9 Junction
=7 Volumes
[ Pienum
=§ 3D Cell General

|

wet )

LAl

Data Checker

c:\Wsers\calin_000\Documents\Curs\Management Motoare Autovehicule TransportLaborator\boostimodel-2-mac.bwf loaded!

Fig. 9.21 Meniul Simulation — Show Results
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Fig. 9.22 Programul post-procesare Impress Chart

Rezultatele simularilor computerizate se aleg din cele doua baze de rezultate:

e Transients: rezultate ale simularilor raportate la timp (s) pe abscisa graficului

e Traces: rezultate ale simularilor raportate la unghiul de rotatie al arborelui cotit

(deg)

si se transpun pe grafic (Layer) cu dublu click pe parametrul care se doreste
analizat: Pressure figura 9.23, Rate of Heat Release figura 9.24, NOx Accumulated
figura 9.25, respectiv Soot Accumulated figura 9.26.
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Fig. 9.25 Rezultatele simularilor computerizate: NOx Accumulated
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Teste de autoevaluare,
teme si aplicatii practice

1. Modificati pentru diferite valori, parametrii ce caracterizeazd modelul de ardere
Vibe, fatda de modelul creat in cadrul lucrarilor de laborator 2 — 4. Rulati simularea si

comparati rezultatele. Explicati diferentele.

2. Modificati Tn modelul de motor durata de deschidere a supapei de admisie (Cam
Length) pentru valori cuprinse intre 160 si 170 de grade. Realizati simularile aferente
pentru un pas de 2 grade pentru fiecare caz. Afisati pe acelasi grafic rezultatele obti-

nute si analizati influenta variatiei acestui parametru asupra performantelor motorului.

3. Modificati Tn modelul de motor durata de deschidere a supapei de evacuare (Cam
Length) pentru valori cuprinse intre 175 si 185 de grade. Realizati simularile aferente
pentru un pas de 2 grade pentru fiecare caz. Afisati pe acelasi grafic rezultatele obti-

nute si analizati influenta variatiei acestui parametru asupra performantelor motorului.

4. Pe baza rezultatelor obtinute in cadrul testelor 2 si 3, analizati care proces (de ad-
misie sau de evacuare) prezintd o influenta mai mare in eficienta energetica a unui

motor cu ardere interna.

5. Explicati lipsa elementului Injector in cadrul structurii modelului de motor cu aprin-

dere prin comprimare dezvoltat in cadrul lucrarilor de laborator.

6. Care sunt modalitatile de reprezentare a datelor obtinute prin simulare?

7. Folosind rezultatelor obtinute prin simularea modelului de motor realizat in cadrul
laboratoarelor 7 — 9, afisati grafic parametrii Power si Torque in cadrul unui singur

Layer, in zone diferite si cu scale de masura diferite.
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8. Folosind elementele de analiza statistica din utilitarul Impress Chart determinati
valoarea totala, valoarea maxima si medie a Rate of Heat Release pentru modelul de

motor cu aprindere prin comprimare din cadrul laboratoarelor 7 — 9.
9. Creati un model de motor cu aprindere prin scanteie cu trei cilindrii in linie.

10. Ce tipuri de conexiuni permite programul AVL BOOST sa fie utilizate in constructia

unui model?

11. Modificati alternativ alezajul si cursa pistonului in exemplul prezentat in lucrarile
de laborator 2 — 4. Simulati noile modele si interpretati rezultatele comparativ cu mo-

delul initial (din punct de vedere al performantelor energetice ale motorului).

12. Calculati aria efectiva de curgere prin orificiul unei supape pentru o supapa de

admisie cu diametrul scaunului supapei de 40 mm si un coeficient a = 0.2 mm.

13. Utilizati modelul din cadrul laboratoarelor 2 — 4 si modificati temperatura aerului
admis la valoarea de 40 °C. n urma analizei rezultatelor obtinute prin simulare ce

concluzii se pot trage?

14. Analizati influenta modificarii tipului uleiului de ungere (pentru diferite clase de vis-

cozitate SAE) asupra performantelor unui motor.

15. Analizati influenta modificarii temperaturii uleiului de ungere asupra eficientei ener-

getice a unui motor.

16. Folosind metodele de analizd numerica analizati influenta modificarii excentricitatii

unui piston asupra performantelor unui motor cu ardere interna.

17. Explicati necesitatea/utilitatea introducerii in cadrul modelelor a unor puncte de

referinta (Measurement Points).
18. Trasati diagrama indicata (coordonate p — V) pentru un model de motor realizat in

cadrul activitatilor de laborator, prin utilizarea functiunilor specifice de setare a axelor

de coordonate a Layer-ului de reprezentare grafica.
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19. Pentru modelul de motor cu aprindere prin comprimare, modificati atat cantitatea
injectata cat si durata pentru injectia pilot (alternativ). Realizati simularea computeri-
zata pentru 5 — 10 cazuri de lucru considerand variatia doar unui singur parametru. Ce

concluzii rezulta relativ la graficul Rate of Heat Release datorita procesului de ardere?

20. Pentru modelul de motor cu aprindere prin comprimare, modificati legea de des-
chidere a acului injector (de exemplu: o lege de variatie liniara). Realizati simularea si
comparati datele obtinute din punct de vedere al performantelor functionale ale moto-

rului.

21. Reproduceti caracteristicile parametrilor de injectie determinati de legea de injectie
iRate (calculated) prin legea de injectie NormROI (user defined), definind momen-
tele de inceput si sfarsit ale injectiei pilot si injectiei principale, respectiv durata acestor

secvente de injectie.

22. Reprezentati in aplicatia Impress Chart comparativ, rezultatele simularilor obti-
nute pentru cele doua legi de injectie (iRate si NormROI) pentru urmatoarele marimi
rezultate in urma procesului de ardere: Pressure, Temperature, VolumeWork, Rate

of Heat Release, NOy Accumulated, respectiv Accumulated Soot.

23. Optimizati parametrii de comanda ai ECU pentru legea de injectie iRate (delay_tu,
delay_ts, delay_te, delay_td) in modelul motorului policilindric construit in laboratoa-
rele 7 — 9, astfel incat sa rezulte valori similare pentru graficul Rate of Heat Release

in aplicatia Impress Chart in cazul utilizarii celor doua legi de injectie.

24. Pentru modelul motorului policilindric construit n laboratoarele 7 — 9 introduceti o
post-injectie care sa inceapa la 2 °RAC dupa injectia principald si care sa dureze 3

°RAC. Repetati simularile si incarcati rezultatele in Impress Chart.

25. Analizati graficul pentru Rate of Heat Release si NOx Accumulated pentru mo-
delul de motor cu doua secvente de injectie, respectiv cu trei secvente de injectie.

Comparati rezultatele obtinute.
26. Repetati simularile pe modelul de motor policilindric pentru diferite valori ale turatiei

motorului (Speed) si ale cantitatii de combustibil injectata pe ciclu motor (Fuel Mass /

Cycle), pornind de la valorile definite in model (2500 min* si 4 mg) si de la aceste
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valori cresteti valoarea pentru cantitatea de combustibil injectatad cu 1 mg pentru cres-
terea turatiei motorului cu 1000 min, respectiv reduceti valoarea pentru cantitatea de

combustibil injectata cu 1 mg pentru scaderea turatiei motorului cu 1000 min™.

27. Pentru simularile realizate la subiectul 26, reprezentati in aplicatia Impress Chart
comparativ, rezultatele obtinute pentru urmatoarele marimi rezultate in urma procesu-
lui de ardere: Pressure, Temperature, VolumeWork, Rate of Heat Release, NOy
Accumulated, respectiv Accumulated Soot. Fiecare dintre aceste marimi vor fi re-
prezentate in cate un Layer pentru a evidentia evolutia parametrului evaluat odata cu

modificarea turatiei motorului.

28. Evaluati functionarea modelului de motor policilindric la temperaturi de pornire sca-
zute: -10 °C, 0 °C, respectiv 10 °C, prin modificarea temperaturii ambientale n setul
de conditii de initializare (optiunea Initialization), respectiv in zonele de parametrizare

System Boundary (SB1, SB2) prin activarea optiunii Local Boundary -> Conditons.

29. Pentru simularile realizate la subiectul 28, reprezentati in aplicatia Impress Chart
comparativ, rezultatele obtinute pentru urmatoarele marimi rezultate in urma procesu-
lui de ardere: Pressure, Temperature, VolumeWork, Rate of Heat Release, NOx Ac-

cumulated, respectiv Accumulated Soot.

30. Modificati tipul de combustibil definit in Simulation Control / Globals -> Classic
Species Setup -> Fuel Properties pentru modelul de motor monocilindric. Repetati
simularile incarcand fiecare tip de combustibil disponibil in sectiunea Fuel Properties.
Evaluati rezultatele obtinute prin analiza graficului pentru Rate of Heat Release. Evi-
dentiati si justificati cazurile in care motorul nu functioneaza cu unele din tipurile de

combustibil definite.
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