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Popi;bsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Vedouci konsorcia podilejici se na pracovnim balicku
Ceské vysoké uceni technické v Praze, zodpov. osoba Doc. Ing. OldFich Vitek, Ph.D.

Clenové konsorcia podilejici se na pracovnim bali¢ku
Ricardo Prague s.r.o. - Ing. Bohumil Hnilicka
Hlavni cil balicku

Hlavnim cilem je vyvoj/aplikace nastrojt, které jsou schopny detailniho popisu procesu spalovani
véetné tvorby hlavnich skodlivin a véetné ,netradicnich® modd spalovani (klepani).

Dilci cile balicku pro nejblizsi obdobi
Model spalovani ve vznétovém motoru zaloZeny na turbulentnich vlastnostech (CVUT).
Rozsifeni simulacniho softwaru a prikladové modely (Ricardo).
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_ Popisﬂ plénl' balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani
NapIn pracovniho balicku

2012 - 2017: Testovani modelll spalovani, jejichz zakladem jsou lokalni viastnosti turbulence a
zjednodusena chemicka kinetika (CVUT). => z Casti rozpracovano v ramci EU projektu
LESSCCV

2014 - 2017: Moznosti modelovani netradi¢nich modl spalovani (HCCI, PCCI, ...), optimalizace
procesu spalovani (tradicni i netradi¢ni médy) (CVUT).

2012 - 2015: Vyzkum simulacnich systémU a strategie Fizeni za Ucelem optimalizace celkové
spotreby energie a produkovanych emisi s ohledem na vypocet celkové energetické narocnosti
tj. well-to-wheel (RICARDO). => hotovo

2016 - 2017: Rozsireni funkcionality zakladniho softwaru ve smyslu zahrnuti novych
technologii v dobé ukonceni projektu (RICARDO).
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_ Popis plnéni balicku WPO05 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Probihajici planované aktivity v ramci WPO5:

- CVUT:
- model spalovani v zazehovém motoru vhodny pro CCV
« model spalovani v zazehovém — komlrkovy zazeh (vazba na WP02)
- model spalovani ve vznétovém motoru
- Ricardo:
* rozsireni SW IGNITE o nové funkce
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simulaci/optimalizaci spalovani

_ Popis' plnéni balicku WPO5 Virtualni termodynamicky motor — SW pro

test_LEPE_newtviesh! hC-combustion-LES-CASE_1:AN_360.0FlowMachhumberl] G

Motor AVL SCRE: priprava pohyblivé siteé (WP05) + uvodni testy

test LEPE_newheshihC-combustion-LES-CASE_1:AN_380.0:FlowMachMumber[-]
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simulaci/optimalizaci spalovani

_ Pobié nénl' balicku WPO5 Virtualni termodynamicky motor — SW pro

Motor AVL SCRE: kalibrace CFD modelu paprsku

Injector

Optically accessible ) ER
chamber with ? o P Gl A_
observable spray < = d= ’
length 65 mm and
maximum gas
pressure of 5 MPa

=

Fog extractor to clean
gas charge for
subsequent injections

E 1

L - =
Technologicka agentura
‘ Ceské republiky

Deflector for single
spray plume analysis
in radial view

Camera installed in
axial view position
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_ Popis plnéni balicku WPO05 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Motor AVL SCRE: kalibrace CFD modelu paprsku — exp. data
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simulaci/optimalizaci spalovani

_ Popis Inenl' balicku WPO5 Virtualni termodynamicky motor — SW pro

Motor AVL SCRE: kalibrace CFD modelu paprsku — exp. data

Minum, mean and maximum spray plume penetrations
Chamber temperature: 29.0°C, Chamber pressure: 40.1 bar, Flash light duration: 4.0 us

Spray plume mean cone angles at 10 mm distance
Chamber temperature: 29.0°C, Chamber pressure: 40.1 bar, Flash light duration: 4.0 us
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simulaci/optimalizaci spalovani

_ Popis plnéni balicku WPO05 Virtualni termodynamicky motor — SW pro

Motor AVL SCRE: kalibrace CFD modelu paprsku - RANS
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_ Popis plnéni balicku WPO05 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Motor AVL SCRE: kalibrace CFD modelu paprsku — LES < probléem
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simulaci/optimalizaci spalovani

_ Popis plnéni balicku WPO05 Virtualni termodynamicky motor — SW pro

Motor AVL SCRE: kalibrace CFD modelu paprsku — LES < velmi maly
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Popis plnéni balicku WPO05 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani
Motor AVL SCRE: kalibrace CFD modelu paprsku — LES < velmi maly
casovy krok (10-7s) + zjemneéni kolem usti trysky
s — rail pressure: 70MPa s — rail pressure: 100MPa —
E 0.04 _/ E 0.04 —'/
§ e ~Z - -~ - i e hole_1 - level_1[m] § ° / } = hole_1 - level_1[m]
0.00E+00 5.00E-04 t::eEiS]S 1.50E-03 2.00E-03 0.00E+00 5.00E-04 t::eEiS]S 1.50E-03 2.00E-03
. | rail pressure: 130MPa — . | rail pressure: 160MPa P
é 0.03 /"—’— hole 1 -level 1[m] é 0.03 / ”—’ hole_1 - level 1[m]
0.00E+00 5.00E-04 t::j—[:S 1.50E-03 2.00E-03 0.00E+00 5.00E-04 t::j—[:S 1.50E-03 2.00E-03
T A
TE 0102 0020 - Technologicka agentura Str. 12 % Centl’a Za WP 05 O. Vitek, éVUT v Praze
C R kompetence

Ceské republiky




Centrum kompetence

c
eNICAL

Centrum kompetence automobilového priimyslu Josefa Bozka X
- AutoSympo a Kolokvium Bozek 2. a 3. 11. 2016, Roztoky - H %

N

ALjgua®

[ ] @
W pracS®

_ Popis" plénl' balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Motor AVIA (WP02): CFD samotné komuirky

Vytvoreni 3D-CFD modelu vyplachované komirky pro popis termodynamickych dé&ji uvnitf
predkomUrky

e model bez spalovani, pfivod paliva zatim pouze do predkom@rky
e popis: vyplachovani, rozvrstveni smési

e porovnavani testovanych variant (pocet otvirkd, rlizny pfivod plynu, citlivostni studie
ovlivnéni promiSeni napiné)
CAD model > CFD geometrie == Sit’ “polyhedral” s

Rychlostni profil pri
sacim zdvihu

Privod plynu

elektrody zapalovaci
SVicky

Propojovaci otvurky
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_ Popis plnéni balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Motor AVIA (WP02): CFD samotné komuirky

30°bTDC 15°bTDC 0°bTDC
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Popis plnéni balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Rozsireni SW IGNITE o nové funkce

IGNITE is a physics-based system simulation package focused on
complete vehicle system modeling and simulation. IGNITE provides quick
turnaround of vehicle performance, fuel economy, emissions and thermal
management from concept through detailed powertrain integration.

New compiler and solver

Modelon Optimica Compiler Toolkit (OCT)

« Replaces Open Modelica Compiler (OMC)
« Faster compilation and simulation

« Compatible with MSVS compiler kit 1 |

- Ability to re-use executable with multi-case analyses / WOdEIOI'L
« Wider coverage of the Modelica Standard Language

. Expanded FMI/FMU support y1L4

MoDELICA
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"Popis plnéni balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Rozsireni SW IGNITE o nové funkce

Centrum kompetence automobilového priimyslu Josefa Bozka Lo %%
o ~

New Powertrain Library Modeling Objects

« Road Load Vehicle - vehicle with drag and rolling resistance

roadLoadVehicle1

defined by a road load curve
« Magic Tire — advanced tire dynamics based on the standard

‘Magic Tire’ formulas

magicTyrel

« TM Easy Tire - advanced tire dynamics based on a semi-
empirical tire model, can be applied with very little physical
information

tMeasy1

« Mechanical Loss — general object for modeling rotational
mechanical losses

mechanicalLoss1
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simulaci/optimalizaci spalovani

_ Popis" Inénl' balicku WPO5 Virtualni termodynamicky motor — SW pro

Rozsireni SW IGNITE o nové funkce

Library, program and GUI enhancements

« Motor Generator now includes the option of specifying a 2D
efficiency map (efficiency as a function of speed and load)

« Solution Monitor utility has been added, allowing users to
view simulation progress and statistics during simulation.

« Saving during simulation - IGNITE now saves a results data
up to the points of simulation failure or termination

« CSV data export - ability to export ouput data to CSV format

& IGNITE - Solution Monitor 8 [

Current Time:  982.7 Final Time: 1372.0
Elapsed Time:  00:00:37

Model Information
Model: hybrid_vehicle_P2
Solution: octl

Simulation Progress

Time: | 716 %

Stop Simulation

b
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_ Popis" Inénl' balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Rozsireni SW IGNITE o nové funkce

New example models (parallel hybrid architectures P1, P2, P3, examples with newly
added objects...)

Overview graph

-]

TE 0102 0020

Technologicka agentura

A
R Ceské republiky

Str. 18 2:::3 Centra Za WP 05 O. Vitek, CVUT v Praze
kompetence

(g]]



Centrum kompetence
ilové 0

~wm  Centrum kompetence automobilového priimyslu Josefa BoZka Lo s
- - AutoSympo a Kolokvium Bozek 2. a 3. 11. 2016, Roztoky - H %@

PInéni cilli, milnikl a vystupd, spinéné vysledky balicku WPO5 Virtualni
termodynamicky motor — SW pro simulaci/optimalizaci spalovani

PInéni dilcich cild, milnikt a vystupii
nejsou

Prehled splatnych vysledkt a jejich plnéni
nejsou

Publikace ,,mimo plan" => zadost na TACR pro dodateéné zarazeni

J. Jenc, V. Myslivec, V. Ondrak and B. Hnilicka: Advanced complete vehicle
simulation toolchain based on co-simulation of IGNITE, WAVE/WAVE-RT
and MATLAB/Simulink, Ricardo Software UserCon Europe, April 2016.
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Navrh dalgiho postupu v balicku WPO05 Virtualni termodynamicky motor — SW
pro simulaci/optimalizaci spalovani

Navrh dalsiho postupu véetné navrhti na spolupraci a realizaci
vystupii

CVUT: dle plénu (t&sna provazanost s WP04) + spoluprace s WP10 pi
optimalizaci strategie pouziti systému deaktivace valcl v kombinaci s

velkou vnitrni recirkulaci a s WP02 pri optimalizaci navrhu zapalovaci
kom0rky

Ricardo: dle planu + navaznosti na WP20 (propojeni IGNITE s Ricardo
WAVE / WAVE-RT; pouziti IGNITE pfi navrhu a testovani fidicich strategif
motor{) a WP24 (propojeni IGNITE s Ricardo Agent-Drive) + pouziti SW
IGNITE pro simulaci pohonného retézce v projektu Evropské Unie
IMPERIUM, podrobné&ji viz. WP24.
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pro simulaci/optimalizaci spalovani

Déekuji za pozornost
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Vytah V4 praC| 2012-2016 na WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani
CVUT: LES simulace mezicyklové variability Ricardo: Systémova sim. celého pohonného
véetné spalovani, komUrkovy zazeh fetézce (IGNITE)
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Results of WPO5 Virtual thermodynamic ICE — SW for simulation/optimization

of combustion — Achieved 2012-2016

CVUT: LES simulation of cyclic variability

Ricardo: System simulation of the whole
powertrain (IGNITE)

including combustion, pre-chamber ignition
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Selected FIRE Cycle: 30
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New Compiler and Solver New Library Modeling Objects
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Program and GUI Enhancements New model examples
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_WtaHAz rovedenych praci na WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani
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simulation/optimization of combustion

CVUT: Diesel ICE & pre-chamber ignition Ricardo: SW IGNITE
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