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Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

WPO05: WPO5 Virtualni termodynamicky motor — SW pro simulaci/optimalizaci
spalovani

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

Clenové konsorcia podilejici se na pracovnim balicku
Ricardo Prague s.r.o. B. Hnilicka

Hlavni cil balicku a jeho pInéni za dobu projektu

Hlavnim cilem je vyvoj/aplikace nastrojl, které jsou schopny detailniho popisu procesu spalovani
vCetné tvorby hlavnich skodlivin a vcetné , netradicnich® modd spalovani.
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CVUT V PRAZE
Popis obsahu balicku WPO05 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani
Napln pracovniho balicku

2012 - 2017: Testovani modelll spalovani, jejichz zakladem jsou lokalni vlastnosti turbulence a
zjednodusena chemicka kinetika (CVUT). => splneno

2014 - 2017: Moznosti modelovani netradicnich modl spalovani, optimalizace procesu
spalovani (CVUT). => splnéno

2012 - 2015: Vyzkum simulacnich systém{ 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). => splneno
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s

Probihajici planované aktivity v ramci WPO5:

- CVUT:
« model spalovani v zazehovém motoru vhodny pro CCV
« model spalovani v zazehovém — komUrkovy zazeh (vazba na WP02)
« model spalovani ve vznétovém motoru
- Ricardo:
« rozSireni SW IGNITE o nové funkce
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Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Motor AVL SCRE:
. LES model turbulence
. Kalibrovany model paprsku (viz diagramy nize)
+ dostatecné jemna sit’
e  Chemicky model spalovani (LLNL-NC7 mech.)
. Kalibrovany prestup tepla

rail pressure: 70MPa o= | rail pressure: 100MPa

——hole_1 -level_1[m] ——hole_1 - level_1[m]

penetration length [m]
o
2
penetration length [m]
o
2

= = exp.data = = exp.data

0.00E+00 5.00E-04 1.00€-03 1.50€E-03 2.00€-03 0.00E+00 5.00E-04 1.00€-03 1.50€E-03 2.00€-03
time [s] time [s]

rail pressure: 160MPa

E 005 E 005
E‘ 0.04 E‘ 0.04
5 5
g 0.03 ——— hole_1 - level_1 [m] g 0.03 ——— hole_1 - level_1 [m]
H 0.02 H 0.02
0.01 — = exp.data 0.01 — = exp.data
0 0
0.00E+00 5.00E-04 1.00E-03 1.50€-03 2.00E-03 0.00E+00 5.00E-04 1.00E-03 1.50€-03 2.00E-03
time [s] time [s]
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simulaci/optimalizaci spalovani

Motor AVL SCRE: vliv zjemneni sité

L L L Dhwsersiviteko\GT-Fower-data-fles\PBS Turbo\TACR_alfa\l-valec_VTP_Roztoky-AVL_SCRE\opt_varianty\FIRE_calc-boundary_and_initial_conditions\compare_vs_FIRE_
4 ( ( CASE_1 19.10.2017  11:32:42

Heat Transfer Rate (Positive=Fluid To Wall)
EngCylinder part Cylinder-1

160.0

—FIRE_LES-
calibSPRAY-
140.0 newMesh1hE
—FIRE_LES-
calibSPRAY-
120.0 newMesh1hE-refineL1
—FIRE_LES-
calibSPRAY-
g 1000 newMesh1hE-refineL2
E' GT-Power
5 goo0
]
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®
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Motor AVL SCRE: kalibrace — prestup tepla

L L Dhwserswiteko\GT-Power-data-files\PBS TUrbo\TACR_alfal|-valec_VTP_Roztoly-AVL_SCRE\Opt varantWFIRE_calc-boundary_and_initial_conditions\compare_vs_FIRE
ASE 1 1910.2017 184325

Heat Transfer Rate (Positive=Fluid To Wall)
EngCylinder part Cylinder-1

160.0

—FIRE_LES-
calibSPRAY-
140.0 i T \ newMesh1hE-
HeatTrMult_6p5-v2014.
. 2
120.0 - FIRE_LES-
calibSPRAY-
newMesh1hE
g 100.0 —FIRE_RANS-
] calibSPRAY-
E 20.0 newMesh1hE
= GT-Power
‘®
S 600
'—
®
T 400
20.0
0.0
-20.0
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o

Motor AVL SCRE:
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Motor AVIA (WPO02):
LES model turbulence

e  Turbulentni model spalovani (LES
ECFM-32)

. Kalibrovany prestup tepla

Privod plynu N

elektfrody zapalovac!
svicky

Propojovaci ofvirky

P
LogP-LogV Diagram
, EngCylinder part Cylinder_1-1 :j:"g IT gv D o
N : N 31N ; I A O O A et - p_data
! I | I —FIRE-LES_all_cycles
2 N L s } 1 1 2 — GT-Power (old model
N " from Mr. Perrault)
R " i -~~~ Intake Valve Open
| \\ i ' " ~ " Intake Valve Close
10' 3 NN 3 3 I i 10! ——~~ Start of Combustion
A ' \ " 10" 3 i 3 g ~~~~Exhaust Valve Open
M ! O\ i g i " 7 -~~~ Exhaust Valve Close
= 7 = ]
g s T | s
> 2 ¢ o ¢
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| 10°
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Popls obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Motor AVIA (WP02) 1800rpm, A=1.048

L Dilusersivitekc l_Tr ::1-._'=f|"i|-:—-,-|_-r7‘::n.:‘i*.*. VIBAFIRE\a
C data-combi_ Irpr || | EI'H 1.048_CCh

eni_SyrovatkaZ\compare-newMesh_v15_parts.gu

Pressure-HP
70.00 EngCylinder part Cylinder_1-1

---exp_data
—FIRE-LES_cycle_1
— FIRE-LES_cycle_2
—FIRE-LES_cycle_3

FIRE-LES_cycle_4

— FIRE-LES_cycle_5
“GT-Power (model

from Mr. Syrovatka)

60.00

50.00

40.00
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30.00
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Popls obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Motor AVIA (WP02) 1800rpm, A=1.898

L D Dousers\vite koG T-F 7"|'-'L'._'lr'l'li-l--,'|_-!'-_—‘:ZI1-_'\i‘|‘|i.'--5-\—-i-'i'l'-H:E'l._‘."_i-j—i'n SyrovatkaZ\compare-newMesh_v15_parts.gu
I ,_!‘_._._.,_..n.._!:-:-:-:-C-w;u..| AMBDA=1.898_CCY

Pressure-HP
50.00 EngCylinder part Cylinder_1-1

---exp_data
—FIRE-LES_cycle_1
— FIRE-LES_cycle_2
—FIRE-LES_cycle_3

FIRE-LES_cycle_4

— FIRE-LES_cycle_5
“GT-Power (model

from Mr. Syrovatka)

40.00

30.00

Turbulentni model spalovani (LES
ECFM-3Z) nedokaze zachytit
zhasinani plamene (zde je
chemicka Ucinnost asi jen 85%).
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ye]
o
o
o
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Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro

simulaci/optimalizaci spalovani

Motor AVIA (WP02): 1800rpm, A\=1.048

NE— . .
ladeni_modPreChGeom-comb_1 SUUme_Li'Q@E:_} £ Wesh_w15_portsiAN_310.0: Qp'&cies;-Me_ge&;-_,Eraﬁ. ladeni_modPreChGeom-comb_1500rpm_L % w15 _ports AR5 Q._Blfltlmfrernpe‘f&._turs'[fg‘. f
0.1 N o - 5 2500 : S S N &
4 7 E
1 £330 | 5,' et

Technologicka agentura Str. 11 2:3 Centra Za WP 04 O. Vl,tek, CVUT v Praze
Ceské republiky kompetence



Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -
\J‘ STROJNI

CVUT V PRAZE
Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

o

ROZSlrenl SW IGNITE O _Nnove 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.

A Modelica editor added to IGNITE

o Uses ANTLR4 (ANother Tool for
Language Recognition)

e Supports Modelica 3.3 grammar

» Fast flattening entire MSL library in
about 4s

» Syntax highlighting and error checking

e Code completion

type BinaryExpression range 24:14 -> 24:17
der(y) = k*u;

L

_l
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o

RozSireni SW IGNITE o noveé funkce T S e i

Effidency rout | Efficiency_Map_20 |

Load definition |Torgue |

Data flename :nts/My Received Files/rex_enginedata.m = J
Input data editor and visualization l——

eff_mot_speed_name motor_speed

eff_mot_load_name maotor_torque

e Reading input data from m-files into tables e

« Support for copy/paste of the external data e e

« Table and graph visualization for s
» Basic Engine (for each map) R R C R
« Motor (split for different modes) T

e 1D and 2D interpolation tables

* Mechanical Loss - I8

» Read by IGNITE from external sources, 5 %
hence independent of the model files ik

o L |

T Y r
2500 5000 7300 10000 12500 15000
Speed [rew/min]

SR et T

Lih b plnnn iy yEobatie
44

DT P L

et e et

maen
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simulaci/optimalizaci spalovani

Rozsireni SW IGNITE o nové funkce

Postprocessing - RPOST

 RPOST as a postprocessor across different data sources
* Results templates (available within examples 2017.1)

e Cross plots with the test data

» Subplots and multi axes

. TOO|tIpS aCross - o= ]y e e EEAT Rk
. shi gyGearbeOu: - - 250000 cyrves E E z i | —
mUItIple Curves i:s T 2009“‘ _: | |;ﬂ;“i;‘|l HJW‘* Ll | ‘)Q'{ \“L‘\ f‘réri ‘gﬁ%‘ H
e 3 @m i i AR T = o A
. A Separate — GoE [ 0 i !\ ‘]‘ m e fl‘l‘!‘[”i H | H ,,J%E ] 14‘?3?6 | | ‘lw
- ~ = 100000 g 18 1 {if I \:” i \ M i ‘i T
product - = {1 Y 1O PO 5 R BT
e sof ) [N TATMN JHITE ~ WL LD DT TOEY IV d IR o
R P - 0 LU i LU Bl ‘ . ‘ il
independent of == J o |
x_pos
Zpos 095
the model e
. = _ o085 {Conan2_rebuill_Parametric_Case_Definition_1_OCT: Case 1- Battery: soc }
4 Summary data g 08 o 777248 |
mmmmmmm
: 065
M‘:':zt 000000000000000000000000000000
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Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Rozsireni SW IGNITE o noveé funkce

3D Visualization of Multibody Models

~

Control: | M <| > | ®m » M 18.186 o | - Speed: 1 . FPS:50 #) @ 3

v @ ivd_demo_with_powetrain3_Param... @
v 3 CASE_1 o
> (x) Parameters
~ &F Vehicle
> £ wheel RR
> &F wheel LR
> %F wheel RF
> &F freeMotion
~ ¥ wheel LF
> ¥ fixedFrame
> ¥F hub
v & fixedShape

> & tireTorqueWheelCe...
> $F tireForceWheelCen..
> ¥ wheel body
> £ voluminousWheel

> $F front_axle

> & rear_axle

0O 00 0 0 NG O 00 00 0 0 0

o]
@
fuf
o
a
2
=)
=1
3
a
Q@
o
2
A
<]

v $F bodyShape
® shapel
> £¥ world

> £F PathDriver

0o 0 0 0 90
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RozSireni SW IGNITE o nove funkce - 8 woicones

[ ¥ B Ratrons
A new library for capturing T 0L Excwesthe
dynamics of the vehicles 08 e
» Complete 3D Environment 6 o
« Weather and Road profile - S e
« Vehicle Chassis Subcomponents 0::9 | 58 v
 Anti-roll Bar "Ehzar
« MacPherson Z ] LS artarion
» Ackerman Steering F :h_ﬂ ikt
 Trailing Arm etk
» Various Types of Differentials G
+ Tires, TMeasy, MFTire —— g P
« Path driver g
«  Prepopulated Example Models g S
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CVUTV PRAZE— — —
‘ Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro

Rozsireni SW IGNITE o nové

funkce

Modelon Libraries

e Fuel Cells

* Heat Exchanger
« Hydraulics
 Liquid Cooling

e Pneumatics

« Vapor Cycle

| W Library | & Model
‘ Active Libraries
W Locations |/ | Import

Search

[#ligZ Heeds Library

[¥] [0 IGNITE Powertrain 1.0.0
[¥] [ IGNITE Standard 1.0.0

[#] £ IGNITE ThermoFluid 1.0.0

[¥] & Modelica Standard 3.2.2

[¥] B Modelon Base Library 2.5.1 i i
[¥] @ Modelon Fuel Cell Library 1.4.1 — Q%

[¥] B3 Modelon Heat Exchanger Library 1.5.1 e, |

[¥] ¥ Modelon Hydraulics Library 4.5.1 D . s :
[#] EE Modelon Liquid Cooling Library 1.5.2 L]

[¥] B Modelon Pneumatics Library 2.1.1

[#] @ Modelon Vapor Cycle Library 1.4.1
¥l g standard Library

_l
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Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

PInéni cild
WPO5MO03: Model spalovani vznétového motoru, ktery je vhodny pro popis
difizniho plamene v tvorici se smési. (CVUT).

Realizovano pomoci 3-D CFD simulaci, kterée probihaly v letech 2015-2017.
Jde hlavné o LES modely turbulence.

Prehled splatnych vysledkii a jejich plnéni

WPO05V004 (2017): Model spalovani vznétového motoru. => ASW existuje
WPO5V005 (2017): Nastroje pro ovéreni potencialu rliznych modell
spalovani. => ASW existuje

WPO05V007 (2017) : Model spalovani vznetového motoru. => priprava
clanku do MECCA (Vitek O.)
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Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

PIneéni cilu

WPO5MO05: Simulacni software rozsireny o nové technologie v dobé
ukonceni projektu, napr. nové typy hnacich soustav, noveé jizdni cykly a
dalsi identifikovatelné parametry (Ricardo).

Vytvoren komplexni SW nastroj IGNITE (2013-2017).

Prehled splatnych vysledkii a jejich plnéni
WPO5V006 (2017): RozSireni simulacniho softwaru. => ASW existuje
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VUT V PRAZE
Popis obsahu balicku WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

Celkové zhodnoceni dopadu vysledkii a jejich priibézna i budouci
realizace

Hlavni cil spinén — klepani nebylo reseno, jako netradicni mod spalovani
je uvazovan pripad plynové vyplachované zapalovaci komdrky (vazba na
WP02).

e Uzka provazanost s WP04 (po celou doby projektu) a v letech 2016-
2017 také s WP02 (plynovy motor — komUrkovy zazeh).

e Uzka provazanost s WP20 (propojeni IGNITE < WAVE/WAVE RT) a
WP24 a H2020 Imperium (propojeni IGNITE < Ricardo Agent-Drive).

e IGNITE se prodava od roku 2013.

e \yzkum v této oblasti bude pokracovat — budouci projekty (OP VWV
DMS, NCK) a diplomové/disertacni prace.
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Prilohy

Pokud jsou zapotrebi pro elektronickou formu sborniku. Nebudou
prezentovany pri prednasce.

Rozsah libovolny do celkového pdf rozsahu presentace 10 MB.
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Vytah z praci 2012-2017 na WPO5 Virtualni termodynamicky motor — SW pro
simulaci/optimalizaci spalovani

CVUT: LES simulace mezicyklové variability Ricardo: Systémova sim. celého pohonného
vCetné spalovani, komurkovy zazeh retézce (IGNITE)
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Results of WPO5 Virtual thermodynamic ICE — SW for simulation/optimization
of combustion —Achieved 2012-2017

CVUT: LES simulation of cyclic variability Ricardo: System simulation of the whole
including combustion, pre-chamber ignition powertrain (IGNITE)
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— SW pro simulaci/optimalizaci spalovani paliva/sklenikovych plyn(

Vytah za r. 2017 z provedenych praci na WPO5 Virtualni termodynamicky motor |

CVUT: Vznetovv motor & komUrkovy zazeh Ricardo: SW IGNITE

Simulatni SW IGNITE

o |ra|l pressure: 160MPa| o
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Abstract 2017 of WPO05 Virtual thermodynamic ICE — SW for
simulation/optimization of combustion

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