Centrum kompetence GY\N‘ CAL

ez Centrum kompetence automobilového primyslu Josefa Bozka <
- AutoSympo a Kolokvium Bozek 2. a 3. 11. 2016, Roztoky - H %é

= = * W pppas®
_ Popis obsahu balicku WP04 Pokrodilé systémy vymeény napiné valce a

aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl
Vedouci konsorcia podilejici se na pracovnim balicku

Ceské vysoké uceni technické v Praze, zodpov. osoba Doc. Ing. Oldrich Vitek, Ph.D.
Clenové konsorcia podilejici se na pracovnim bali¢ku

SKODA AUTO a. s. Dipl.-Ing. Matthias Benz; Honeywell, spol. s r.o. Ing. P. Skara

Hlavni cil balicku

Hlavnim cilem je prozkoumani potencialu novych vicerozmérnych simulacnich technik (LES, PANS,
DES) z hlediska prediktivnich schopnosti v pfipadé komplexnich simulaci (cely obéh motoru).

Dilci cile balicku pro nejblizsi obdobi

Metody pro vhodné charakterizovani a kvantifikaci velkych virovych struktur pfi pouziti pokrocilych
systémU vymény naplné valce (CVUT).
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_ Popis plnéni balicku WP04 Pokrocilé systémy vymény naplne valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl
NapIn pracovniho balicku

2012 — 2013: Vyvoj efektivni metody pro prenos informaci z detailnich CFD vypoctd do modell
,mensi fyzikalni hloubky" (napf. do 0-D/1-D modeld vhodnych pro simulaci celého spalovaciho
motoru vCetné prislusenstvi a fizeni). => hotovo

2012 — 2017: Moznosti modelovani mezicyklové variace pomoci vicerozmérnych CFD nastrojd
(LES) s cilem urceni hlavnich pricin tohoto jevu.

2012 — 2017: Testovani potencialu novych simulacnich technik (LES, PANS, DES, ...) z hlediska
modelovani turbulence (a jevl s tim souvisejicich).

2012 — 2017: Vliv velkych virovych struktur na parametry motoru s cilem ovéreni moznosti jak
tyto virové struktury ,ridit".
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_ Popis plnéni balicku WP04 Pokrocilé systémy vymény naplne valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

Probihajici planované aktivity v ramci WPO04:

- CVUT:
« 3-D CFD simulace obéhu spalovaciho motoru (provazané s WP05)

. profukovaci® zkougka hlavy valct motoru SKODA 1.6MPij —
experimentalné i simulacné

. ,profukovaci* zkouska hlavy valcti motoru AVL SCRE (diesel) —

experimentalné i simulacné _
Split port concept

1- Tangential

1 closed + 2 closed ... Swirl = high [ ~ 4.5]

1 open + 2 closed ...... Swirl = medium [~ 2.9]
2- Neutral 3- Helical 1 open + 2 open ......... Swirl =low [~1.7]
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_ Pobis plnéni balicku WP04 Pokrocile systémy vymeny naplné valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

Motor Skoda 1.6MPI: saci kanaly (vysledky z 2015)
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Q
g

ALjgua®

vlastnosti kanali: oba ventily oteviené vlastnosti kanalii: oba ventily oteviené
0.2 16
—+—simulace: LES - mod. mesh
0.18 14 —=—simulace: PANS - newMesh1_BLOp1mm - new AVL setting
simulace: PANS - newMesh1_BLOp1Smm - new AVL setting
0.16 12 ——simulace: RANS (k-dzeta-f) - newMesh1l_BLOplmm - new AVL setting
exp. data: pramér ze viech valci
0.14 1
012 0.8 //:
- - -
% 01 T 06 A~
= = /
—4—simulace: LES - mod. mesh
0.08 . 0.4
—m—simulace: PANS - newMesh1_BLOplmm - new AVL setting - o
0.06 simulace: PANS - newMesh1_BLOp15mm - new AVL setting 02 - =
~#—simulace: RANS (k-dzeta-f) - newMesh1_BLOplmm - new AVL setting =
004 exp. data: pramér ze viech valcd 0
0 10 12
0.02 —#—Skoda Auto: vypocet 02
Skoda Auto: exp. data
0 -0.4 gy m
0 2 4 6 8 10 12 vih ventilu [mm]
zdvih ventilu [mm]
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aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl
Motor Skoda 1.6MPI: saci kanaly (vysledky z 2015)
vlastnosti kanali: levy ventil otevieny vlastnosti kanali: levy ventil otevieny
0.08 B—=1 /; ’ ‘———;' B} ’
o / T m— —e—simulace: LES - mod. mesh
0.02 // e simuloce: RANS: AVLk-deetarf-mod. mesh +swmu\ace: RANS:A\.’L k-dzeta-f - mod. mesh

0.01

exp. data: primér ze viech vélci

4 6 8 10 12
zdvih ventilu [mm]

exp. data: primeér ze viech vélcd

zdvih ventilu [mm]
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_ Popis plnéni balicku WP04 Pokrocilé systémy vymény naplne valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

Motor Skoda 1.6MPI: vyfukové kanaly

0.14

vlastnosti kanala: oba ventily oteviené

0.12

0.1

0.08

po -]

0.06

—l—simulace: PANS - newMesh2_BLOp15mm - new AVL setting

simulace: PANS - newMesh2_BLOp10mm - new AVL setting
y —&—simulace: PANS - newMesh2_BLOpO5mm - hew AVL setting

0.04 /

prumér z 1. a 4. valce

0.02 min
maXx
0 T T T T 1
0 4 6 8 10 12
zdvih ventilu [mm]
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_ Popis plnéni balicku WP04 Pokrocilé systemy vymeény naplné valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

Meéreni velikosti tumblu vlastni meéric tumblu

stacionarni mereni na rozdil od swirlu problematictejsi:

e integralni metody méri pricnou slozku toku momentu
hybnosti v urcitém prirezu

e pritom neni zrejma poloha osy tumblu
e neni standardizované, nejasna presnost Z—, | 44

P I Measurement t
Laser Light sheet ? g ?Iane

=

e moment odporovych sil je
umeérny pricné slozce toku
momentu hybnosti

l ) e vliv drzaku a zavislost na Re

PIV measurement principle

Correlation algorithm
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_ Popis plnéni balicku WP04 Pokrocilé systémy vymény naplne valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

Ovéreni metody méreni tumblu

porovnani vysledkd urceni ,tumble number":

Both intake valves open - relative tumble numbernjp/n ® SimUIace méF|C|, metOdy Z VySIGdkﬁ
200% numericke simulace (tok veliCiny)
180%
¥ 160% E—
E 140% v v ’ ’ YV Ve 4
E 120 /f e mereni tumblu vlastni merici metodou
3 100% < ——exp g M Ve 4
S\ A oo | Kkvalitativne prijatelné, ...
E 60% .\T lﬂl direct Both intake valves open - tumble position
& 40% — 270
20% -
0%
0% 20% 40% 60% 80% 100% =
Relative valve lift [%] i
:‘é 180 ——F e
ale kvantitativné zna¢ny nesoulad !!: 3 ; e e
5 irect
e silna zavislost odporu sitky na Re "
e vliv drzaku sitky — zména konstrukce - \
’ 90 .
Za krytl 0% 20% 40% 60% 80% 100%
e kontrola méFfeni momentu na sit'ce Refative value It B4
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opis plnéni balicku WP04 Pokrocilé systémy vymény naplné valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

Motor AVL SCRE: pi‘ipravg pohyblivé sité (WPO05) + uvodni tes

test_LEPE_newtdeshihC-combustion-LES-CASE_1:AN_380.0:FlowMachNumber(-] test_| EPE_newhesh1hC-combustion-LES-CASE_1:AN_380 0:Flow:hMachNumber[-]

test LEPE_newheshihC-combustion-LES-CASE_1:AN_380.0:FlowMachMumber[-]
2
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_ Popis plénl' balicku WP04 Pokrocilé systémy vymény naplne valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

Motor AVL SCRE: priprava pohyblive sité (WPO05) + Gvodni testy

no [1]

08
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0,5

0,4
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0,2
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0,0

Flow coefficient po

AVL research engine 5402, intake ports, forward direction

(1O)mean
0.479
0,460

d p USRI NIR RN P S X I Sy
Vx/(rL e A

Pl S

¥ 0,381
- 0,371
~ 0,341
‘o 0,318

rd
"
10,0
T3 8,0

=<4=-T+N+H
—E—-T+N
T+H
N H
—c N+H Swirl number (njt/n),
e T AVL research engine 5402, intake ports, forward direction

(ntdu/n)py
7{ F 5,08 - --T+N+H
Ll \l 6,0 —i—T+N
VST U S 2,74 T+H
0 2I ‘I‘ é é EL 40 n- I —<—N+H
v Vv h [mm] g
promereno. = 20
[o) 7 w7
e prutokove cCislo uc 0o | #
e virové Cislo (njt/n), y
v - v ’ 14 o ’
e vsechny kombinace otevreni kanalu T tangenalpor
40 H helical pF:)rt
h [mm]
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PInéni cilli, milnikl a vystupd, spinéné vysledky balicku WP04 Pokrocilé

systémy vymény naplné valce a aerodynam. potrub. systémd s cilem snizeni

spotreby paliva/sklenikovych plyn(

PInéni dilcich cild, milnikt a vystupii

nejsou

Prehled splatnych vysledkt a jejich plnéni
nejsou
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"Navrh daldiho postupu v balicku WP04 Pokrocilé systémy vymény naplné valce

a aerodynam. potrub. systémuU s cilem snizeni spotreby paliva/sklenikovych
plynQ

Navrh dalsiho postupu véetné navrhti na spolupraci a realizaci
vystupii

CVUT: dle plédnu + spoluprace s WP10 pfi hodnoceni pritokovych vlastnosti
sacich/vyfukovych kanall + Gzka provazanost s WP05
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avrh dalsiho postupu v balicku WP04 Pokrocilé systémy vymény naplné valce
a aerodynam. potrub. systémuU s cilem snizeni spotreby paliva/sklenikovych

plynQ

Déekuji za pozornost
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_V;'/taH zpraci 2012-2016 na WP04 Pokrocilé systémy vymeény naplne valce a
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

CVUT: LES simulace mezicyklové variability CVUT: Aerodynamika v potrubnich
systémech (PANS, exp. data)

Flow Velocity

0 [m/s] PRSI | . 00 [nvs)

Cycle #2 Cycle #4 Cycle #8

700
600
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400
300
200
100 +
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Results of WP04 Advanced gas-exchange systems and aerodynamics of pipe
systems in order to decrease fuel consumption/green-house gases — Achieved
2012-2016

CVUT: LES simulation of cyclic variability CVUT: aerodynamics of pipe
systems (PANS, exp. data)

Flow Velocity

0 [m/s] PRSI | . 00 [nvs)

Cycle #2 Cycle #4 Cycle #8
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_V;'/taH provedenych praci na WP04 Pokrocilé systémy vymény naplné valce
aerodynam. potrub. systémé s cilem snizeni spotreby paliva/sklenikovych plynl

d

CVUT: Aerodynamika v potrubnich systémech (PANS, exp. data)

T ... tangential port
N ... neutral port

1

viastnosti kanald: oba ventlly otevfené Both intake valves open - relative tumble number n,/n
0.1
200%
012 180%
F 160%
01 -
£ 140%
E
008 3 120%
'f:; —m-— simulace: PANS - newMesh2_BLOp15mm - new AVL setting 2 100% ——exp
E '
0.08 simulace: PANS - newMesh2_BLOp10mm - new AVL setting 2 80% —-sim_exp
—4— simulace: PANS - newMesh2_BLOpOSmm - new AVL setting % 60% direct
0.04 k]
== primérz1.ad. vilce & aow
min 20% WH
o 0%
0
) N . . . o 0% 20% 40% 60% 80% 100%
2dvih ventilu [mm] Relative valve lift [%]
Flow coefficient po Swirl number (njt/n),
AVL research engine 5402, intake ports, forward direction AVL research engine 5402, intake ports, forward direction
10,0
(HO)mean
f 0,479 8.0 (ntdu/n)o,
- 0,460
e e B x_-*,,&.." 4 9,08
e ‘_‘_4—1 0,420 TN
ra 0,381 . 6.0
* 8880371 T 274
P 0341 ——T+H = 40
3 0318 =
3 ——N+H S
.z =
T T 20 e S
®-N
A 0,0
; H
T ... tangential port ] 00 0 0 BBy _
N ... neutral port -2,0 8. o BB 1,88
H ... helical port
T T T -4,0 o
’ 1
2 4 6 8 10 12 | H... helical port
h [mm]
h [mm]
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"Abstract 2016 of WP04 Advanced gas-exchange systems and aerodynamics
pipe systems in order to decrease fuel consumption/green-house gases

of

CVUT: Aerodynamics of pipe systems (PANS, exp. data)

T ... tangential port

viastnosti kanald: oba ventlly otevfené Both intake valves open - relative tumble number n,/n
0.14
200%
012 180%
F 160%
01 -
£ 140%
E
008 3 120%
'é; —m-— simulace: PANS - newMesh2_BLOp15mm - new AVL setting 2 100% ——exp
E ;
0.08 simulace: PANS - newMesh2_BLOp10mm - new AVL setting 2 80% —-sim_exp
—4— simulace: PANS - newMesh2_BLOpOSmm - new AVL setting % 60% direct
0.04 k]
== primérz1.ad. vilce & aow
" . son M
o 0%
0
. N . . . o » 0% 20% 0% 60% 80% 100%
2dvih ventilu [mm] Relative valve lift [%]
Flow coefficient po Swirl number (njt/n),
AVL research engine 5402, intake ports, forward direction AVL research engine 5402, intake ports, forward direction
10,0
(HO)mean
y 0,479 8.0 (ntdu/n)yy
. 0,460
e e B x_-_-*,,&.." 4 9,08
oroatd 0420 -4--T+N+H
0,381 6.0
%6853 —=—T+N 2,74
P 0341 ——T+H = 40
3 0318 =
3 ——N+H S
£ =
T = 20 e TS
4 ®-N
A 0,0
; H
T ... tangential port ] 0 0 0 0.9 Qg .
N ... neutral port -2,0 e o0 ® 1,68
H ... helical port
N ... neutral port
T T T -4,0 i
N 1
2 4 8 8 10 12 | H... helical port
h [mm]
h [mm]
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