Arsrapport Kompetenscentrum
Gasvaxling, CCGEx, 2014

Sammanfattning

Kompetenscentrum gasvaxling, CCGEx, har 2014 gatt in i sin tredje period. Finansiering fran
energimyndigheten, KTH , Scania, Volvo Cars och Volvo GTT som huvudpartner ar avtalad for
perioden 2014-2017. Centrumets tredje verksamhetsperiod innefattar en fortsattning med en
inriktning av verksamheten inom tre huvudomraden, ”Cold Side — Compressor off Design”,
”Integrated Hot Side — iHOT” samt “Exhaust After Treatment”. Alla projekt, doktorander och
aktiviteter dr nu organiserande inom dessa omraden. Fokuseringen inom omraden har okat
mojligheten till samsyn mellan akademi och industri om vilka fragor som behandlas och vad
respektive projekt syftar till att besvara och tillfora. Omrades fokuseringen har ocksa underlatta for
industrin och akademi att i samarbete identifiera och tillféra inkind vilken for projekten framat och
forbi mojligheterna som akademin har sjalva.

2014 har varit ett produktivt ar med 5 disputerade doktorer fran tre av centrumets fyra
institutioner/amnen. Ett tjugotal artiklar har publicerats och centrumet har varit fysiskt representerat
pa sju konferenser.

Budgeten for 2014 anpassades till att det vid arets borjan inte fanns full industriell medfinansiering
sakrad for att kunna moéta upp energimyndighetens och KTHs bidrag. Under arets gang har ytterligare
industribidrag tillkommit genom BorgWarner, VTT och ViF. Dessutom har industrins inkind bidrag
tagit fart med uppstarten av projekt och doktorander vilkas aktiviteter ar val forankrade hos
industripartnerna.

Summary

With 2014 the Competence Center Gas Exchange at KTH started its third phase. Finansing from the
Swedish Energy Agency, KTH and the industrial partners Scania/Volvo Cars/Volvo GTT as main
partners was approved in late 2013. The funding period was decided for four years 2014-2017.

The center has in this phase set up the research to be organized within three focus areas: “cold side-
compressor off design”, “integrated Hot Side” and “Exhaust After Treatmen”. All projects,
PhDstudents and activities are aligned with these areas. This focus has gives a clear common
understanding between academy and industry on which questions/tasks that are addressed and
which question each project aims at addressing. The focus areas has enabled the academy and
industry to identify and execute the inkind contribution to the projects, which drives the outcome

beyond the possibility for the academy alone.

2014 has been a productive year with 5 PhDs thesis’ successfully defended at three of the four
disciplines presented in the center. In total around 20 articles have been published and the center
has been represented at seven conferenses.



The 2014 budget was adopted to the fact that the industry financing did not meet the full 8 MSek
which was allocated from the energy agency and KTH. During the year additional industrial
contribution from BorgWarner, VTT and ViF has been received. In addition to this the industry inkind
from the main partners have been successful with the startup of projects which are commonly
prepared between industry and academy.
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Inledning

Energimyndigheten beslutade 2013 om en ny finansieringsperiod 2014-2017 for
kompentenscentrumen samlade inom Swedish Combustion Engine Consortium (SICEC) relaterat till
forbranningsmotorteknik. Denna period innebar for KTHs forbranningsmotorcentrum (CICERO 2006-
2009, CCGEx 2010-2013) att det gar in i sin tredje finansieringsomgang

Bakgrund
Kompetenscentrum Gasvaxling (CCGEXx) (tidigare CICERO) startades 2006 som ett kompletterande
tredje svenskt forbranningsmotor kompetenscentrum.

Sverige har en stark motorindustri som for sin 6verlevnad ar beroende av att kunna férnya sina
produkter sa att de miljo- och energimassigt ligger val framme i internationell konkurrens. Den
nuvarande trenden med allt strangare utslappskrav, vilka lagger allt mer vikt pa CO, utslapp,
minimering av energianvandning, 6kande andel biobranslen och hybridmotorer innebar att
marginalerna for de i motorn ingdende komponenter, system och processer blir allt mindre.

Svensk fordonsindustri star i och med detta infor ett antal stora utmaningar i form av krav pa
effektivare motorer, hardare optimeringar, minskade utslapp samt stark internationell konkurrens.

Véagen att mota dessa utmaningar ar en 6vergang till ett mer kunskaps- och berdkningsbaserat
arbetssatt med mindre beroende av prototyptestning och l6sningar byggda pa praxis.

Detta skapar ett starkt tryck pa att identifiera, forsta och arbeta innovativt med de bakomliggande
fysikaliska processer som utnyttjas i de system och komponenter som kravs for framtida hogeffektiva
forbranningsmotorkoncept.

Den svenska motorindustrin har varit tidiga med 6verladdning och ar starka inom detta omrade ur
ett internationellt perspektiv. Betydelsen av detta omrade 6kar med nya férbranningssystem som
kraver hoga EGR-halter och laddningstryck. Ventilsystem med variabla 6ppnings- och stangningstider
och lyft kommer mer och mer. For att behalla industrins konkurrenskraft ar det viktigt med
kontinuerlig kompetensforsorjning inom omradet. Det géller saval sakkunskap som forskare med
relevant kompetens. Omradet gasvaxling och 6verladdning ar specifikt for Competence Center Gas
Exchange (CCGEXx) och tacks inte upp av nagot annat svenskt kompetenscentrum.

CCGEXx:s syfte ar att utféra akademisk forskning med hogsta kvalitet inom omradet
forbranningsmotorers gasvaxling i ndara samverkan med fordonsindustrin och darmed bidra till ett
effektivt, hallbart och konkurrenskraftigt transportsystem baserat pa effektiva alternativbransle
anpassade motorsystem i kombination med elektrifiering. Genom att utnyttja avancerade analys-,
mat- och syntesmetoder ska den fysikaliska forstaelsen 6ka for grundlaggande relevanta fenomen.
Genom denna 6kade forstdelse kommer forskare inom CCGEx att kunna identifiera nya tekniska
mojligheter och I6sningar inom gasvaxling, EGR-system, 6verladdning och efterbehandlingssystem.



Organisation (struktur och personer)

Deltagande organisationer inom CCGEx ar, liksom i tidigare perioder, KTH , Energimyndigheten samt
de svenska fordonsféretagen Scania CV, Volvo Cars och Volvo GTT. Fran KTH involverade enheter /
institutioner ingar forbranningsmotorteknik, fluidmekanik och MWL akustik. Under 2014 har ocksa
ett forsta ndarmande till energiteknik.

Genom MWLakustik har CCGEx ocksa deltagande fr&n Wartsild, BMW och ViF (Osterrike).

Ett samarbete med Borg Warner Turbo System ar ocksa uppstartat och formalisering av samarbetet
pagar.

Utgangspunkten for formulering av forskningsuppdrag ar forhallanden pa verkliga motorer.
Fenomenen kan sedan renodlas vid grundldggande stromnings- och akustiska undersékningar,
med anvandande av en kombination av simulerings- och experimentella verktyg. Att fa en
stabil grund for forstaelsen av férloppen i motorn och finna svagheter/utvecklingsbehov hos
modeller vilka mojliggor okad simuleringsbaserad utveckling i industrin ar slutmalet. Lanken
over simuleringsverktyg med reducerat antal dimensioner (”reduced order models™), fungerar
som koppling mellan industriell tillAmpning samt majligheten att gora ansatser till fysikalisk
analys for formulering av behov av detaljstudier inom saval fluidmekanik, akustik som
motorsystem.

En genomgaende tanke i organisation och arbetssatt dr att framja samarbete Gver gruppgranser samt
att involvera yngre disputerade forskare i centrets ledning. Centret ar organisatoriskt placerat pa ITM
skolan. Det I6pande arbetet i centret leds av en forestandare samt en vice férestandare.

Som stod for sitt arbete har forestandare och vice forestandare en ledningsgrupp (LG) bestaende av
forestandare, vice forestandare samt yngre disputerade forskare fran de ingaende amnena.

De vetenskapliga ledarna (professorer pa respektive enhet) ingar, tillsammans med férestandare och
vice férestandare, i ett vetenskapligt rad (VR), vilket fungerar som remissinstans for ledningsgrupp
och ska sdkra vetenskaplig h6jd och relevans inom centrumets forskningsomraden och projekt.

Huvudhandledare fér de lic/doktorsprojekt som drivs inom centret &r docenter inom LG och
professorer inom VR. Centret efterstravar projekt som utnyttjar den breda kompetens som finns
inom centret och stravar darfor mot att sa manga projekt som mojligt involverar bitradande
handledare med en annan profil an huvudhandledaren.

Huvuddelen av CCGExs forskningsverksamhet genomfors av forskarstuderande med malsattning att
dessa ska avlagga licentiat- och/eller doktorsexamen. Samtidigt ar det av vikt att inom respektive
forskningsomrade tidigt och kontinuerligt efterstrava mojligheten till arbetsférdelning dar
industriparter engageras inom forskningen for att utnyttja kompetens och resurs hos alla centrumets
deltagare. Forutom dessa medverkar disputerade forskare samt de vetenskapliga ledarna
(professorer + docenter) som ar knutna till centret.

For samverkan med industrin finns arbetsgrupper (AG) kopplade till de olika forskningsomradena
samt till enskilda projekt. Dessa arbetsgrupper traffas regelbundet for att diskutera arbetsférdelning
och projektresultat inom pagaende projekt, nya forskningsomraden samt projektidéer.



Inom CCGEXx olika funktioner har 2014 féljande personer varit engagerade:

Programrad

Soéren Udd SICEC Ordforande
Arne Johansson KTH

Gunilla Efraimsson KTH

Per Lange Scania

Lucien Koopmans VCC

Johan Wallesten Volvo GTT

Anders Johansson

Energimyndigheten

Forestandare

Forestandare

Jonas Holmborn / MFM

Vice Forestandare

Mats Abom / MWL

Ledningsgrupp

Jonas Holmborn MFM
Mats Abom MWL
Andreas Cronhjort MFM
Mihai Mihasecu FIMech
Ramis Orlii FIMech
Susann Boij MWL
Nils Tillmark FIMech & CICEROlab ansvarig
Vetenskapligt Rad

Jonas Holmborn MFM
Mats Abom MWL

Andreas Cronhjort

MFM (tom 2014 Q2)

Anders Hultqvist

MFM(from 2014Q3)

Laszlo Fuchs Fluid Mech
Henrik Alfredsson Fluid Mech
Hans Boden MWL
Forskare

Omrade ”Cold Side — Compressor off Design

»”

Mihai Mihaescu

Omradesledare

Bertrand Kerres

Doktorand MFM

Elias Sundstrom

Doktorand FIMech

Raimo Kabral

Doktorand MWL

Lin Zhou

Doktorand MWL

Antti Hynninen

Doktorand MWL/VTT

Andreas Bergqvist

Doktorand FIMech/Scania — VR

Martin Soder

Doktorand FIMech/Scania FFI

Athanasia Kalpakli

Doktorand FIMech (PhD Q2)

Markus Pastuhoff

Doktorand FIMEch (PhD Q3)

Omrade “integrated Hot Side — iHOT”




Mihai Mihaescu

Omradesledare

Johan Fjallman

Doktorand FIMech (PhD Q3)

Shyang Maw Lim

Doktorand FIMech

Ted Holmberg

Doktorand MFM

Marcus Winroth

Doktorand FIMech

Habib Aghaali

Doktorand MFM (PhD Q3) / SICEC FFI

Yasser El Nemr

Doktorand MWL/ViF

Omrade “EAT”

Mikael Karlsson

Omradesledare

Huvudresultat

CCGEXx leveranser och resultat tydliggors lattas genom publikationer, konferensdeltagande och

examinationer av doktorer. Till detta bor ocksa laggas det utbyte av kunskap, erfarenheter och

resurser som mojliggors genom att delar av experimentella kampanjer, men ocksa simuleringar,

genomfors hos de industripartnerna i centrumet. | dessa kategorier har CCGEx 2014 levererat

foljande :

Doktorsexamina

5st

Reifarth, S.

Efficiency and Mixing Analysis of EGR-Systems for
Diesel Engines. PhD thesis, KTH Internal Combustion
Engines

Kalpakli Vester, A.

Vortices in turbulent flows—rocking, rolling and
pulsating motions. PhD thesis, KTH Mechanics

Pastuhoff, M.

Measuring with pressure sensitive paint in time-
varying flows. PhD thesis, KTH Mechanics

Fjallman, J. Large Eddy Simulations of Complex Flows in IC-
Engine's Exhaust Manifold and Turbine. PhD thesis
Aghaali, H. Exhaust Heat Utilisation and Losses in Internal

Combustion Engines with Focus on the Gas Exchange
System, PhD thesis, KTH Machine Design

Publikationer

20 st

SAE Tech Paper

SAE Int. J. Engines

AlAA

ASME J Vib

Int J. Heat Fluid Flow
Advances in Mech. Engineering
Computational Fluids

Oil Gas Science Tech.

Applied Therm Eng

Energy Convers. Manage
Journal of Sounds and Vibration

VVVVVVVVYVY

Konferensdeltagande

SAE : Italy, Detroit

ImechE: London

FISITA: Maastricht

MTZ Conference: Saarbriicken
ASME:

ERCOFTAC: Marbella
Progress in Turb: Italy

VVVVVYYVYY
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Forskningsresultat

Compressor off Design (CoD)

Inom CoD genomfordes fortsatt karaktarisering och modellbygge av generering, transmittering och
dampning av akustiska vagor i turboaggregat fran Garrett som funnits i centrumet sedan starten. Nya
aggregat fran BorgWarner som anvands i Volvo Cars motorer installerades och karaktariserades
ocksa.

Inom delprojektet géllande kompakta ddampare baserat pa akustiskimpedans i “microperforated
plates” genomfordes méatningar i bade MWLs labb och i CICEROlabbet. Dessa data analyserades och
applicerades i fysikaliskmodell bygge. Dessa modeller anvanders sedan for att generera forslag till
omdesign for att tacka bredare frekvensomraden och att ytterligare 6ka dampningen. Prototyper gor
”gen2” byggdes, provning sker i borjan av 2015.

Kompressor prestanda, surge och choke vid varierande instrémnings villkor testades initialt i
CICEROlabbet for den existerande Garret turbon. Mycket tid for att sakerstalla uppstallningens
noggrannhet och att ansluta nya inloppsgeometrier som genererar flexibla instromningsfalt.

CFD berdkningar av ett 20 tal driftpunkter vid tva varvtal och langs driftlinjen for varvtal
genomfordes. Val validerad kod och metod. Utvardering av instabiliteter och dess koppling till
stromningsfalt. DMD och POD anvant for att identifiera vilka frekvenser som uppstar var i geometrin
och vilket stromningsfenomen. Tidigare berdkningar for att validera metoder gjorda pa Heavy Duty
turbo dar detaljerade matdata finns. Har under aret kompletterats med Light Duty turbo.
Grundorsaker, var i turbogeometrin de uppstar och kopplingen mellan geometri och strémning har
identifierats for de frekvenser som identifieras i experimentella uppstallningar. Surge, bladpassing
frequency, harmonics har alla fangats med tillfredstallande noggrannhet.

Integrated Hot Side

CFD berakningar av stromning vid konstant- och pulserande fléde fran avgasport, genom grenrér och
over turbin. Analys av vilka stromningsfenomen som behandlas vid matning i konstantflode.
Identifierat instabiliteter i stromningen dven for konstantflode och var dessa uppstar, vilka effekter
har detta pa turbinprestanda och hur relevanta blir turbomappar.

Litteratursokning, forsknings/hypotes formulering samt férsoksplanering for avgasventils arbete.

Simuleringsstudier kring strategier for att utnyttja avgasenergin battre genom utnyttjande av
turbocompunding och alternativa ventilstrategier. Resultaten indikerar potentiell
forbrukningsminskning i omradet 2-5 % 6verlastomradet genom utnyttjande av varierande
kombinationer av ventilstrategier.



Genomforande

CCGEXx har under 2014 bedrivit forskning inom tva forskningsomraden ; "Cold Side — Compressor off

Design” och ”Integrated Hot Side — iHOT”. Beredning och formulering av ett tredje forskningsomrade

”Exhaust After Treatmen” har genomforts under aret déar resultatet och forslag till forskningsupplagg

presenterats for programrad och rekommenderats till uppstart i och med programradsmote i

december 2014.

Forskningsprojekt

De under 2014 pagaende projekten listas nedan, for mer detaljerad projektpresentation se bilaga

samt CCGEx hemsida, http://ccgex.kth.se

Cold Side - Compressor off Design

Gas dynamics of in--cylinder flow

Andreas Bergqvist

Acoustic Simulation of Automotive
Turbochargers

Yasser El Nemr

Pulsating flow in complex channels—experiments

Athanasia Kalpakli-Vester

Pressure sensitive paint (PSP) for rotating
components

Markus Pastuhoff

Rotating Machines and Innovative Noise Control

Raimo Kabral

Compressor Maps for Engine Installations

Bertrand Kerres

Large Eddy Simulations of the 3D Flow in a
Centrifugal compressor

Elias Sundstrom

In-cylinder flow

Martin Soder

Impedance eduction and validation

Lin Zhou

Integrated Hot Side —iHOT

Detailed modeling of single & double turbines

Johan Fjallman

Waste Heat Recovery on Internal Combustion
Engines by Using Turbines

Habib Aghaali

Interaction between ICE Exhaust Pulses and
Turbine

Ted Holmberg

Exhaust noise from large diesels

Antti Hynninen

Flow and Heat Transfer Effects on the Efficiency
of a Radial Turbine

Shyang Maw Lim

Gas dynamics of in--cylinder flow

Marcus Winroth

Interaktion/motesforum

Forskningen bedrivs framst i form av doktorandprojekt dar handledare och doktorand har kontakt

och diskussioner pa daglig/vecko basis. Forskare, doktorander och industrirepresentanter traffas

inom respektive forskningsomrade med en frekvens pa 4-6 veckor for att presentera och diskutera de

senaste resultaten inom projekten, diskutera framtida aktiviteter samt planera och sdkra samarbete

inom KTH institutioner och industri. Industrideltagande vid dessa moten sker fraimst genom

telefon/web uppkoppling.

Centrumet samlades under 2014 i sin helhet med alla forskningsomraden, KTH funktioner och

industrirepresentanter vid tva tillfallen under 2014. Under dessa traffar presentarades och

diskuterades framst centrumets generella riktning och strategiska omraden relaterat till industrins

behov.



http://ccgex.kth.se/

Programradet har gett i uppdrag till forestandare och vice férestandare att leda centrumet. Detta
realiseras genom en centrumledningsgrupp bestaende av :

e Forestandare

o Vice forestandare

e Forskare (doktorer, docenter) inom CCGEXx vilka representerar de tre forskningsdisciplinerna
(forbranningsmotorteknik, fluidmekanik samt akustik)

Ledningsgruppen har till forsta uppgift uppratta och underhalla CCGEx vision/mission/strategy
samt CCGEx road map vilka ligger till stod for att formulera forskningsteman (research areas) som
ska rikta till att uppfylla de centrum mal som finns i uppdragsbeskrivning och styrelsens uppdrag
till CCGEx. Ledningsgruppen har fasta motestillfallen var fjortonde dag dar uppdrag distribueras
till ledningsgruppen och uppféljning av uppdrag sker.

Ledningsgruppen har till stéd for att sdkra forskningshojd/relevans och tillgang till “linjens”
resurser, en kontrollfunktion i form av CCGEx Vetenskapligt Rad (center scientific board). | CCGEx
VR ingar de centrum anslutna fyra professorerna for forbranningsmotorteknik, fluidmekanik och
akustik, samt forestandare. Radet har under 2014 samlats vid tre tillfdllen vilka varit behovs
styrda snarare dn schema lagda. Infér 2015 kommer radets moten att satta till en gang i kvartalet
med kompletterande moéten vid behov.

Ekonomi

Finansieringen, och med den tillgdngliga medel inom CCGEx, utdkades i den nya perioden till 8
MSEK/ar i kontant bidrag fran energimyndigheten. Samma bidrag i form av viss kontant del och
storre del natura sakrades fran KTH. De tre huvudindustriparterna 6kade i den nya perioden sitt
atagande till att omfatta totalt 1.7 MSEK/ar och part (fordelat pa kontant och natura). Vid periodens
bérjan, 2014, var emellertid inte det industriella bidraget inte sdkrat upp till fulla 8 MSEK/ar som
energimyndigheten och KTH avdelat. Med detta i atanke lades budgeten fér 2014 att motsvara de 6.5
MSEK i medfinansiering som var sakrade.

Ett intensivt arbete har ocksa lagts ner i beredningen och genomférandet av forskningsprojekten for
att fa en 6verenskommelse och planering for naturabidraget fran de parter (KTH och industri) som
har sadana ataganden.

Ett intensifierat arbete med att knyta ytterligare industriparter till centrumet har pagatt under aret.
Framsteg har natts med intresse fran ett antal nya foretag, men inget slutgiltigt atagande och
tillaggskontrakt har forts i hamn. Turbotillverkaren har dock utan formellt avtal tillfért hardvara,
geometrier och turbomappar till centrumets Compressor off Design projekt.

| foljande tabell presenteras en sammanstallning av kontantbudget och kontantfloden for 2014.



BUDGET draft 2014

INTAKTER

1B 2013

KTH medfinansiering
Energimyndigheten

Scania

Volvo Car, avser 2014, inbet 2015
Volvo Lastvagnar

Ovriga intakter

SUMMA INTAKTER

KOSTNADER

Forestandare

OH for Jonas H, som ej ersétts av Scania
Mats Abom, 10%

Susann B, 10%, MWL

Andreas C, 10%, MFM

Mihai, Mekanik

Ramis, Mekanik

|AB

Styrelseordférande
Resekostnader

Driftkostnader (repr m m)
Verksamhetsutveckling, internat

Delsumma ledning

CICERO Lab

Labchef Nils Tillmark, 25%
Lokalhyra lab
Driftkostnader lab
Utrustning / infrastruktur
Delsumma CICERO Lab

ITM MMK
Simon PhD januari

Bertrand compressor off design
ny doktorand "heta sidan" (TD)
doktorand EAT

Scania ind.doktorand

Labdrift - provspecifikt
Utrustning / infrastruktur motorlabb
Delsumma MMK

SCI, MWL

Marie Curie stipendiat 50%

Lin - labbkostnad

EAT akustik doktorand

EAT, Seniorforskare Mikael Karlsson
Delsumma MWL

SCI, MEKANIK

Heta Sidan; seniorforskare
CoD; seniorforskare Mihai
EAT Fl.exp

heta sidan Fl.exp

Sissy K: CoD PhD Q2
Pastuhoff : CoD PhD Q2

heta sidan Fl.sim - Fjallman
Volvo Cars ind.doktorand - Flsim
heta sidan Fl.sim

Volvo GTT ind.doktorand - FISim
compressor off design Fl.sim
EAT fl.sim ?

Delsumma Mekanik

SUMMA KOSTNADER

PREL RESULTAT

2014
BELOPP, SEK

1000000
6 650 000
800 000
600 000
800 00(1

9 850 000
BELOPP, SEK

680 000
200000
170 000
170000
170 000
170000
98 400
200000
40 000
60 000
35000

1993 400

330000|
120 000,
30000
60000
540000

75 000

900 000
650 000

125 000

30000
60 000
1840000

450 000)
100000
900 000,
300 000,
1750000

450000
450000

450000
450000
450000

600 000
125 000
450000
125 000
900 000

4450 000

10573 400

-723 400

Uppféljning
2014-12-31

1000 000
8000 000
800 000
600 000

10400 000

639 829
200 000
170 000

170 000
170 000
88 394
200 000
53541
32359
35882

1760005

330 000

136 440

48 704

40 355

555499

82584

734 819
385857

1203 260

455300
100 000
450000
300 000
1305 300

450000

450 000

450000

450000

450 000

600 000

450000

900 000

4200 000

9 024 064

1375936

DIFF

0

-1350 000
0

0

800 000

-550 000

40171
0

0

170 000
0

0

10 006

-13541
27 641
-882

233395

-16 440
-18 704
19 645
-15 499

-7 584

165181
264 143

125 000

30000

60 000

636 740

-5 300

450 000

0
444700

0
125 000
0
125 000
0

250 000

1549 336

-2 099 336




Fordelat pa forskningsomraden ser utfallet ut som nedan.

Budget
2014
(nov 2013) Status 140831 burnrate Q42014 burnrate Q1-Q4 Summering 2014
ledning
I6ner 1560 000 757 749 49% 802 251 100% 1314747
IAB 98 400 0 0% 98 400 100% 0
Styrelseordférande 200 000 150 000 75% 50 000 100% 200 000
Resekostnader 40000 27439 69% 12561 100% 45 167
Driftkostnader (repr m m) 60 000 27 144 45% 32 856 100% 30476
Verksamhetsutveckling, internat 35000 35882 103% 0 103% 41385
Sum ledning 1993 400 998214 50% 996 068 50% 1631775 82%,
labb
ICE
Labdrift - provspecifikt 30000 0 0% 30000 100% 0
Utrustning / infrastruktur motorlabb 60 000 0 0% 60 000 100% 0
Sum ICElab 90 000 0 0% 90 000 100% 0 0%
CICERO
Labchef Nils Tillmark, 25% 330000 165 000 50% 165000 100% 330000
Lokalhyra lab 120 000 90 960 76% 29040 100% 125070
Driftkostnader lab 30000 24745 82% 5255 100% 16 993
Utrustning / infrastruktur 60 000 17 315 29% 42 685 100% 37610
Sum CICERO 540 000 298020" 55% 241980 100% 509 673 94%|
Research Areas
EGR&Exhaust manif
Simon Reifarth - ICE 75 000 82584 110% -7584 100% 75 000
Sum EGR 75000 82584 110% 75000 100% 75 000 100%
Compressor off design
Kerres - ICE 900 000 450 000 50% 450000 100% 720 000
Lin - MWL Post Doc 900 000 450 000 50%  -450000 0% 450000
Senior forskare - Mihai 450000 0 0% 450000 100% 450000
Sissy K - Fl.exp 450 000 450 000 100% 0 100% 450000
Marcus P - Fl.exp 450 000 450 000 100% 0 100% 450000
Raimo Kabral - MWL 450 000 0 0% 450000 100% 450 000
Lin Zhou - MWL 100 000 0 0% 100000 100% 100 000
Elias Sundstrém - Fl.sim 900 000 450 000 50% 450000 100% 900 000
Sum CoD 4 600 000 2250000" 49% 1450000 80% 3970000 86%)
iHOT
Ted Holmborn - ICE 650 000 0 0% 450000 69% 375 000
Scania ind.doktorand 125 000 0 0% 0 0% 0
iHOT; seniorforskare Mihai 450000 225000 50% 225000 100% 450 000
Markus Winroth- Fl.exp 450000 0 0% 450000 100% 450000
Shuang Maw Lim - Fl.sim 450000 0 0% 450000 100% 450000
Fjallman - Fl.sim 600 000 450 000 75% 150000 100% 600 000
Volvo GTT ind.doktorand - FISim 125 000 0 0% 0 0% 0
Sum iHOT 2850 000 675000" 24% 1725000 84% 2325000 82%
EAT
EAT, Seniorforskare Mikael Karlsson 300 000 150 000 50% 150000 100% 300 000
Volvo VCCind.doktorand - exp.akustik 125 000 0 0% 0 0% 0
Sum EAT 425000 150000 35% 150000 71% 300 000 71%)




Avstamning av kontant och natura/in-kind bidrag for 2014 presenteras nedan.

2014 2015 2016 2017
Kontant
KTH kr 1000000
Energimyndigheten | kr 8000000
Scania kr 800000
Volvo Cars kr 600000
Volvo GTT kr
BW kr
VTT kr
ViF kr
Inkind
KTH kr 8211227
Energimyndigheten | kr -
Scania kr 3384419
Volvo Cars kr 1548477
Volvo GTT kr
BW kr 274400
VTT kr 200000
ViF kr 900000
Fordelning 2014 2015 2016 2017
KTH kkr 9211
Energimyndighet kkr 8000
Industri kkr 7707

Vart att notera ar att KTHs medfinansiering val tacker upp dess ataganden, dven mot en fullt
utnyttjad energimyndighetsram om 8Msek. Industrin ligger nagra hundratusen kort mot 8MSek, men
detta ar orsakat av administrativa svarigheter med att fa inkdpsorder fran nagra partner pa plats och
uppstart av 6verrenskomna industridoktorandprojekt. Detta ska vara korrigerat under forsta halvan
av 2015.
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Projektposters

Gas dynamics of in-cylinder flow

Project responsible: Prof. Henrik Alfredsson

hal@mech.kth.se

The figesre 1o the right sheows the strokes

The pew project anss “Gas dynamics of in-cyfinder low” consists of several sub-projects where the flow during the
Trtake and sxpansion stroke, the compression stroke befors combustion, the fow through the exhaust ports and the
flow in the exhawst manifold are studied. The aim is to get & better understanding of how the flow i set up inside the
cyfinder during the intake and expansion stroke, how the compression stroke influences the tumble and swirl motions
22 well a5 the turbulence and how the flow through the exhaust ports can be optimized. The aim of the project is to
minimize flow related enengy losses and sHll obtain the desired Aow structures in the cyfinder, The project area i
supported by several different agencies and companies a3 i shown in the lower right bax,

244848

INTRKE CDMFHESION E[HAU':TL“_

eveubvad sclantists and studsnts ot KTH; Sporssors and collaborators

1Prol. Henrik Alfredsson ]

g ﬁ SCANLA KTH CCGEx
P Nils Tllmark

HD Anathasia Kalpakli Veter (peadoc) WIS

M Andness Berguist {industrial PhO student) W E
W5z Marcus Winroth (Phi shadeni) @Eﬂwﬁﬁnynd]ghmr [ "
Jam Rabault (M52 thesis stadent)
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Acoustic Simulation of
Automotive Turbochargers

Yasser A. El Nemr
KTH CCGEx yasser.elnemr@vec2.at

Turbochargers are wsed to enhamce the performance of sutomotive wehicles part of the sxhaust &n a
.l'ul-'ld.g_ﬂt

mecha hﬁrlbmmh*nﬁrlmhllhhm on both

Ithsmiﬂmuﬂﬂllmﬂk s of these systems. I1D .dml:l'ﬂ-mnﬂik

introduced to simolate the

or is part of boah Intake and et
i sl el g s s
properties at low fregeencies up to 1500 Hz which is

[y

mw.u geometrical simulation model VIRTLIAL VEWICLE Resmarch Cosser b Tusded within the COMET
;ﬂulm.l::;.:::mn 't-b::hfprmnpnm::: mwmw"m-ﬂ?:“”
turbies sides. The madsl has five sacties, inlst - rotor - diffusar - DM, the. Fedarsl Kinkiry of ‘Schabca. Rassirch snd Eoonorny
volube and owtlet Both diffuser and wolute sections were mmmmmmqmmm
discretized in @ way to approximate the 30 flow path nto a 10 two of Styti and the Stydan Buiingss Prosation (5FG). The COMET
peowrt metweeri. The network is redeced to a single two port slement. prugram=ue is sdminhrated by PR,

Using this fwa port element could faciltate the caloulations of the W woula rtirmony (e 10 Spress o askd Yo ow sugponing
acomtic trarafer matvt of the terbochanger within the pasive H""“‘“"u""’"mﬂ“”l Royal Inmns

frequEncy rnge.
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Pulsating flow
in complex channels—
experiments

Athanasia Kalpakli

sissy@mech.kth.se

Abstract

The air flowing through the exhaust manifold of the intert
Travelling through curved pipe sections the air enters the
resulting in a thre
which ch:
turbocl

I combustion engine to the inlet of the turbochar;
bine under the ef
dimensional, non-symmetric {low field. Additionally,
e shape and behaviour under a pulse period. Although this complex flow field is directly connected to the inflow conditions to the
and modelling of such flows could improve the efficiency of the engine, it is yet far from being understood

vortical structures are bei

ly pulsating and turbulent
of centrifugal (from the acute curvature). inertia and viscous forces
formed due to the co-existence of these forces

Background

The gas flow in the exhaust system of an internal combustion engine
is quite complex due to several complications such as complex
geometry (bends, junctions), pulsating flow, compressibility, high
temperatures, partly transonic flow etc. In order to understand how
the flow to the turbine should be modelled a good model of the flow
into and in the exhaust manifold, as well as to the turbine needs to be
established. Numerical studies of such flow systems are/have been
studied within KTH CCGEx.

Experimental Techniques

Due to the high complexity of the flow field under study, different
experimental techniques need to be employed and tested in order to
fully understand the different flow phenomena under highly pulsatile
and turbulent conditions.

Hot- and cold-wire anemometry (HWA/CWA) have been employed in
order to obtain information on the statistics of the flow with high time
resolution. For this purpose an in-house automatic traversing
mechanism (depicted to the right). Laser Doppler Velocimetry (LDV)
measurements have been supplemented for validation purposes,
while Stereoscopic Particle Image Velocimetry (S-PIV) measurements
have been performed in order to obtain simultaneously the three
velocity components and capture the secondary motions in a cross-
sectional field.

Additional measurements using the vortex mass flow meter,
developed by Laurantzon et al. [Meas Sci Technol 21:123001 (2010)],
were performed in order to determine the phase-resolved turbine
maps when a sharp bend is mounted at the inlet of the turbine and
the flow running is highly pulsating.

(Left) Geometrical configuration and camera set up for the S-PIV and LDV measurements.
D=40.5mm, R;=51mm. I} smoke injection inlet, N} rotating valve. (Right, Top) Automatic
traversing mechanism for the rotation of the HW/CW measurements. (Right, Bolftom) Pipe
bend (D=40.5mm, Re=51mm) mounted at the inlet of the turbocharger (Garrett) for the
pressure ratio measurements.

Impressions
W

05

ﬁme-aueraged velocity flow field at 0.2 D rteﬁj 1 D (middle) and 2 D (right) downstream the
80 ° pipe bend at a Dean number De=1 5x10°. The streamwise component is shown as the
background contour map while the in-plane components as streamlines. Quantities with
asterisk indicate scaling by the bulk speed.

05 1 -05
riR riR riR
Snapshots at various time Instances of the in-plane velocity vector field 2 D downstream the
pipe bend for De=1. 5x10°.

o W im0
® [deg]

Phase averaged flow field at a Womersley number of a=30 and De= 1.5%10" for the 2 D

downstream station from the pipe bend. Right: Phase averaged streamwise velocity (red line)

at the centerline of the pipe. The phase angle corresponding to the shown phase averages is

indicated through the dashed lines.

25,

Turbine map for 55 (green), 80 (red), 105
(blue) & 130 gfsec (black) at 40 Hz
pulsation frequency. Soiid lines: inflow,
dashed lines: outflow. Circles indicate
average values

Jhgisec]

f

Presentations and Publications:

[1] Kalpakli, A, Orli, R., Tillmark, N. & Alfredsson, P.H. 2010 Experimental investigation on the effect of pulsations on turbulent flow through a 90 degrees pipe bend, ICJWSF, Sept 27-30 2010,

Cincinnati, USA.

[2] Kalpakli, A Orlil, R., Tillmark, N. & Alfredsson, P.H. 2011 Pulsatile turbulent flow through pipe bends at high Dean and Womersley numbers, ETC13, 12-15 Sept 2011, Warsaw, Poland.

[3] Kalpakli, A., Orlil, R. & Alfredsson, P.H. 2011 Dean vortices in turbulent flows—rocking or rolling? J. Vis., doi:10.1007/s12650-011-0108-8

[4] Kalpakli, A., Or\u R. & Alfredsson, P.H. 2011 Reynolds and swirl number effects on turbulent pipe flow in a 90 degree pipe bend, APS 20-22 Nov 2011, Baltimore, USA

[5] Kalpakli, A, Orlil, R. & Alfredsson, P.H. 2011 Dancing in the pipe, selected to appear on the online gallery of fluid dynamics (APS virtual pressroom)

[6] Kalpakli, A., Grli, R., Tillmark, N. & Alfredsson, P.H. 2012 Experimental investigation on the effect of pulsations on exhaust-manifold related flows aiming at improved efficiency, (submitted)

10th Int. Conf. Turbochargers and Turbocharging (ImechE), May 15-16 2012, London, England
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This project aims at solving the problem of measuring
nrbo-charpers). The measurement technique chosen is a
sure throngh liminescent quenching by
that can produce fast, spatial resolved and acourate press

Pressure sensitive paint (PSP) &
for rotating components

Markus Pastuhoff
markuspa@mech.kth.se

Abstract

jonal components (ie. IC-engine
'SP, an optical technique

type pressure sensit
I promising techmnique

t hac been chown that

Background
The pressure distribution on rofating surfaces, as for Instance the
turbo-charger compressor blades, 15 I practice impossibie i
MEe3sUre using
mnmwmmnmmmummm
applications In order o make detalled investigations of rotational stal

and surge phenomena.

Fast types of pressure sensiitve paint (PSP) show promise in
providing 3 solution i this Issue, a5 well 35 3 way of analyzing ofer
engine related Intemal iows, such as puisating fiow In compiex pipe
EYGIEME.

PSP |5 an aptical technigque
asmdynamic appil

pressure
experimantal setup |5 lustated in figurs 1.

-
t

a0 i Signs T

- lmsar (A o

L=l -k Findia
- Bzt U aah # rhﬁxmﬂ';l&n " e

Figure 1. Bask experimental satup of PSP,
D to the relatively siow diffsion rate of cxygen In the binder,
iraditianal PSP I only atile i FEsolve pressure Tuctuations In the sub-

Hz range. Cne methad of overcoming this issue is by ceramic
particies fo the mbx, effectively fthe nder thickness while
malntaining Me surface density of the uMincgharas. THES mixture s 3
fast type PSP called pressure sensittve paint (PC-
PSP and s Nustried In fqure 2.

o

i, Pl

i P
|'|cl‘|..| .uulrgj\ Dwmun ~ Lumiregoes

s:h-q'.
,.1..- M,
‘\l\:_, 'i-'.- {,_. d.{___.,._-l:.l: .‘._.

MedelaaTam: B

femperature can be sef io an accuracy befier than 0L3°C.

A formuia of fast responding PSP has first been stalically calibrated in

fhe chamber and thereafter run in a shock tube In order io find out e

dynamic pressure response of the paint. The response time

{nmmrlguea}mmmmhemtn.amammm
evaluate the dynamic pressure response of the paint has been
and has been precenied at ICFD 2010 and at 3 workshop

at JAXA In Movemiber 2010 (both In Japan).

L&

i i
Ts [p]
Fguna. Ramp respanse from PC-PSP in shock fube showing
estimated pressune (—), mmgm{—}mm

peen used o Increase the signal to naolse
formulation and the resuits has Deen presented at Swvenska
1

showing a puise emterng the yjunction (from the 45"
branch) ks shown In figure 4.

R AU L
|
LAz

Flgure 4. A DressUre puise enfedng the y-unciicn
from the 45" bramch.
P —
Additional information
TeknL Is planned to 201152012

This I5 the Swedish
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Rotating machines and v
innovative noise control

e kT Cigs I'-"-'L'ualigf
- ] F
CCGEx

s e ter the ey

Raimo Kabral

kabral@kth.se
Abstract
T goad ol this praject & Lo develop mproved techniqoes T siulying scallering and generation of srusd in solaling Seckines, &g, b chargen o
dozted Fare i general. b= pusticulus, lo extend previous work W mone in depth investigatios in uratahle Oow and sound field couplsg including the

in-duet sound geeuon. The siperimental work B perfeemed in e umique Rebochanges enl fuslity at KTH OC0Ex

by imple=e=tng sdaniel

etpreriestal 1ol and procederes. [n abdition, Enveive Gow chanse] liners sossisting of miceo-pefisatad plates oo metallic et are teatsd in
cempilementary noise contred sudice The Evealigation invelves eperimens] siudy of bers o dedicated high srperature st sy and sumercl
asidyse by meins of Camiol Moliphysesl FEM soflsnse. The offons are being ken 1o delamiss high besperiime bosislical propertie il well as

by sl lechnigues For The oplimization of such Soise o
(wee www Ml su)

shalinic, The Wik i f

ol & Masie-Charie pElwo p-bumiicy semed Floe Al

Background

The concepd of engine down-sizing, nowadays widely applied by e
Indusiry, enables o iIncresse the: iIndicated foel conversion eflicency of

gases In onder fo RCrease e charge sir pressurs. Therstore, TCS an
=xsenfial gas mychange sysiem companents of modem 12 &ngine and
fheir acoustic properties have to be studled In detsil.

Turbocharger acousfics

“The furbocharger acoustic chamcierizafion faclly hes previously besn
estabilshed af the KTH CCGEEY I Sinckholm, see www oopex ki se.

Compact slencer optimizafion

The concepd of compact siencer, which can be secosssflly used as. 2
iz condrl soiufion for e compressor nolse, consist of siright-Sow
channsl with Included aocwesiic =, g mion- pare]
{MFF), and adicining locally rescting cavity. Dptimizaion fechnigue for
sach type of sliencer, based
on the Cremer opfimal
Impedance model, have

divided into standalome L
i

‘seriions opiimized for diferent )

target frequemcies. The ST oo

resuling design provided & -,

very high sound tanmsmission  soped fransedssion joss spectums

loms (TL) In ihe wike frequency #rom compact siencer prododepe

band (Sex the TL geap®) oyttt
Refarences.

1. Mnbml, F., Rammal, H., and Abom, M., “Acoustcal Methoss for
Investigating Flow Instabilbies,” SAE Technical Faper
0M30M-187S, 2013, dok: 14T 3-01-1873,

2. Wabrl, A, Dw, L, Abom, ML, and Knutsson, b., "4 Compact

for e Conirol of Compressor Nolse,” SAE Int. J. Engines 7{3)
1ST2-1578, 2014, dol:10.427112014-01-2060.

3. Mabml, ., Auremma, F., Knutsson, b, Abom, ML, “A Mew Type of

= v L
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KTH CCGEx

Large Eddy Simulations of the 3D
Flow in a Centrifugal compressor

Elias Sundstrém

elias@mech.kth.se

The compressor sUrEe is & fluid-dynamics driven phenomenon which limits the compressor performance st kow mass iow rebes snd
may lesd to compressor damsze. The project aim is to improwve the understanding of the fiow close to and off-design conditions {eg-
surge] by onducting Large Eddy Simulstions csioulstions of the fiow for o production turbocharger compressor.  The: unshesdy
Teatures of the: fow field are guantified by means of Fourier transtonmation analysis and Mode Decomposition technigues. The modal
Tiow decomiposition slsddabes o mode oooaTing at the Sage frequency. The mode explsins the oscillating pumping efect ooourming
during surge. The surfsce spectra contowrs reves| the chape of the prescure pulsation Suing surge snd support that & pressune
prashient oorurs with the oscllsting miodes found with the modal decoemposition.

Introduction and Motimtion:
The assecsment of the fiow inside the ceptrifugal compressor is
B ping; tacsk when experi are considered.
The conti Of the y com plicakes: fiow visualizstion
and sophisticated sebups arne nequined to deliver
high gquality images. Therefore, the Large Eddy Simulation
npproach is empioyed bo capbune the entine 30 fiow inside of the
penirifuzal compressor. This in order o sluddste the unsteady
femtures in the compresmr flow and the fiow instabilibes, which
develop at low mass Now retes {near srge). 1t hes been shown
thart an scoustic wave dewelops in the ouklet pipe system during
Compressor off design opersting onditions. However, a low
frequency peak in range 2040 Hz was ohserved in experiments,
whith was predicted st higher frequendes in simubstions
perfarmed in previous m.lﬂlnmmmprmmﬂm

¥ Comtent C with the comg approach,
e mhuulmummmrummlmm;\lm
BChieye BN EMproved comparison with the expesiments

Sebup:

& production turbodharger compressor with & porbed shroud is
e in e nurmericsl analysis. The figure shows side and fronk
views of the CAD prometry together with the locstion of
maonitoring points and planes, used for dsts sampling and
siatistics purposes. Four ribs support the ported shroud in an
asymmetric amangement. The ported shroud technology allows
mme fiow to redroulste back from the impeler o the
compressor  inlet. Thereby, the opersting range of the
COmpressor is widened near the suge-line

Resufts:

The computed wvalses for the pressure mito as well as the
effidency are compared quantitatively with experimental data.
“Towmnds the surge line, Inger varintions ane mptuned due to he
fiow insinbilities. Smaller variations ane prediched near by the
optimal efficency ot desien opersting comdition.

Tis Bu

LA A L] - .

Thie surface spechrs st the surge opersting ondition around
frequendes associsted with CErAin flow phEnomens and Proper

Summary and Conclusion:

Berpuse the instamiareous velncty field is rmther complex to
gquantify ower time we make use of diverse post-processing
methods b0 enbance the umderstanding of the large flow
StNUCEUres OCOATING in the compressor fiow during off design
opermting -umﬁrﬁm:. Wikh  modal daurnngnﬂ:m
mmwmﬁghmwmﬂumw
found. The mode desoribes the pumping effect oCcurming with
surge. The frequendy surface spectrs conbour indicates thak o
pulbsating pressure gradient is responsible for the pumping seen
in the modsl decom position.

A special thanks to the Competence for Gas Exchange [COGEX],
the Swedish Enengy Agency (STEM), ¥olvo Group, SCANLA and
EorgWamer for supporting this project Also, the Swedish
mmltmm::rnrmmmwmmmc,uz
Faraliel Computing Center at KTH, are scmowledged for
prowiding mecessary computational resounces. Lest but not least
we are prateful to University of Cincinnati for sharing the
experimentsl datn used in this study.
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KTH CCGEX

In-cylinder flow

Martin Sdder

martns@mech.kth.se

Abstract

As the emission leglation is getting toughar and tougher for car memmiactomars in Enrops and in other parts of the world the need for newer and mors
aificiont smgines has oo, In- -u.u.dac fow imvobves differant scales and stuctures as well as moving geomstrios and wtatonary boundary
conditions. Additiomily, in-clndar Sow has a profmnd efect on exgine emivions and fisl consemption. Therefoen, endsrstmding gemeration of
thews structumss and the sffect of compression is ssential for educing engine emissions.

Background

In-cylinder flow can be divided Into several distinct phasas. The Tiow
enters the cylinder during the Intake phase, foming an unsieady
hollow |et aound the valves. The unstoady jet creates a wery
turtnsient In-cylinder fiow flaid effectively mixing residual gases with
fresh alr. The Incoming |ef 15 @iso responsiole for creating the lage
scale structures, swinl and fumble. During late part of Intake and early
compression e smal scale furbulence seffies whlle large scale
struciures: remain.
During the sacond hall of the compression any remaining rbulence
wil be ampiffied. In addf@on, swil and umbie are afect by the
MMMMHHWHMMEM

sunive compression while fumble momentum k5 know o
uaalm If M pision and cylinder head |5 designed to produce
squish [Pressing fiow Inwards by a rApid reduction of volume close io
the cylinder walls), this will produce an mation creating
turbwience and have dynamical effect on swin and tumble.
combustion [and defnitely from a Diesel spray) furbulence wil
Increase and afect the large scale motions. Dwing the power stoke
turtuience s sharply suppressad and at Botiom Dead Center [BDC)
most of it has sefled.

Foous of this project Is to understand the creatlon and evolution of
larmge scale struchures and turbulence firom the Intake up to start of
Injection. In addtion, Identiy which parameters can be adusied fo
citain desired fow Neld.

Results, Swirl test rig
between LES simulafions and PIV expedments show
qualtatively good agreement. It I5 shown that at low vale IMs the
fuctuations In swir Is greater than the mean swid numiber. In-cylinder
turbulence created during intake ls asymmetenc with one dominant

' WWMWMWQES;

u-u

mmmnﬂm Emvmmm

Method
In-cylimder measwrements are very dificult due to 3 mnumber of
reasons as well ;mmmmmmmm
the effect on parameders. Therefore, Large Eddy Simulations
{LES) has been chosen as the main method In this project

Inttially, fiow struchures created dunng Intake werne stxdled using LES
coupied with Pariicle Image Velocmetry (PIV) In 3 steady swirl test
rig. Thematter, the effect OF COMEEESION 0N 3 SwirlngIMbing iow
has been studied In 3 smpified engine.

ewim

Swa Testnig

SimpTed angine and Initial fow feid

Results, Compression swidingftumbling flow

It 5 found that vortichy-dilatation 16 reeponsible for redrecting fiow
Kinetic enengy INfroducad by the piston N smal scale furbulence.
mm‘mmmﬂﬂmdmﬂm

s ks ST i s e By L EAE

mmmﬁymm at diferent crank angles
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Impedance eduction and

validation

Lin Zhou
linzhou@kth.se

Various liner structures are commonly used in noise control devices for duct systems. Typical applications include wall
treatments for vehicle intake or exhaust system. The presence of a grazing flow in such systems makes the acoustic
behavior much more complex due to the interaction between sound and flow in thin turbulent boundary layer over the

lined wall.

Either the systematic acoustic prediction or liner optimization necessities the progress in impedance

measurement method by including the effect of the grazing flow.

Introduction and Motivation:

Impedance(Z=p/v) in frequency domain is a very important
description for boundary conditions in acoustic/unsteady flow
simulation, where p and v are the pressure and normal unsteady
flow velocity over the ‘soft’ wall, which here is a lined wall as
shown below. The unsteady flow velocity comes from three
contribution sources: the acoustic part v,, which can propagate far
away; the first hydrodynamic part vz because of the mean shear
flow and the second hydrodynamic part v, because of acoustic
shear flow near the non-slip boundary condition for the reason of

Setup:
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Unsteady flow velocity along the tube cross section

z-coordinate

Pressure levels from 2D LNSE with different impedance results

Summary and Conclusion:

Acoustic impedance can be influenced by the shear flow and
viscosity within the thin boundary layer. Variation of normal
velocity or displacement is frequency dependent, which means
neither velocity continuity nor displacement continuity sustains
within the boundary layer. The results highlight that the
assumption for impedance eduction should be consistent with that
in the propagation code, for example LNSE code should couple with
impedance results including viscosity.
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Mowadays turbomachines are widely used on internal combustion engines. Howewer,
turbomachines and reciprocating engines are different in nature and it is often a challenge to
match a turbomachine with an intemal combustion engine with high efficiency in a wide range of
operation. Reducing fuel consumption of engines is one of the main issues in research and
development of internal combustion engines. Almost one-third of fuel energy in internal
combustion engines is wasted through the exhaust flow. One way to recover this otherwise
wasted heat is to apply turbines on the exhaust system; however this makes a back-pressure for
the engine which has a negative impact on the engine fuel consumption. The aim of this research
it to show the potential of using turbines as a waste heat recovery system on internal combustion

engines in combination of advanced technologies.

Fae Ererge |

Specific Fual Consumption

17

-
/_.-"'

‘LF':ri-'rdr-.'xrm
-H'\-\.
e, Trareler
Fririzr A Sax

3
"

L

| S g

3

rr
|

-

Fuel energy of a Diesel engine

S

AREL

4 Trm b b e
!

T T rnee Bl ces O

| miprawemant (4]
e,

K
+

Fu_elmny.umﬁmnf a turbocompotind
engine vs. turbine size and efficiency

Engne Srake Powzr

Qoatpar Fower

[ nkacs b=kl
FHMGIMF
Eia.ctkonfzld T

Ozl Ymen

-u.’ﬁui
e ;
AepebEalme-t
es"'ﬁf&
we
Two-stage turbocompounding

l—{_ CutaLs Hawer
Lt M sritek L, -I
e FNGINF A=

T Felta, A Telel T

aster bestmnz i




Bilaga 1

Interaction between ICE
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The fuel efficiency of the turbocharged internal combustion engine depends on low pumping losses and high turbine
efficiency. The aim of this project is to improve the understanding of how the pulsating exhaust flow from the internal
combustion engine interacts with the exhaust turbine. The interaction will be studied with the help of 1-D simulation
software. The engine model will be developed from experiments on steady-state and dynamic flow benches, and a
single-cylinder engine equipped with a variable valve train.

Introduction and Motivation: Setup:

To simulate the performance of an internal combustion engine it is

important to model the gas exchange accurately. The problem is * Steady-state air flow bench

that it is hard to replicate the operating conditions in the cylinder * Dynamic air flow bench (Pressurized chamber mounted to a
of a running engine. In industry standard 1-D engine simulation single-cylinder head)

software, the flow through the exhaust valves are extrapolated = Heavy-duty single-cylinder engine with a variable hydraulic valve
from measurements done in a steady-state air flow bench at low train.

pressure ratios, This is far from the real conditions in an engine and
will likely introduce an error of unknown size. To improve the
modelling of exhaust gas mass flow, measurements and flow
characterization will be done on a cylinder head in cooperation
another PhD student, Marcus Winroth, at the department of
mechanics at KTH.

Despite the exhaust gas flow from the internal combustion engine
being pulsatile the majority of turbine development are done
under the assumption of constant flow. This suggests that it is
possible to improve the turbine efficiency if the engine and
turbocharger were developed together.

Fig 1. Hydraulic valve train mounted on cylinder head.

Method (draft):
Estimate mass flow rate through exhaust valves either through direct flow measurement or indirect from cylinder pressure
1. Steady-state air flow bench

— Reference case: Low pressure ratios over the valves (standard industry practice).

— High pressure ratio over the valves (Pressure ratio depending on compressor capacity)

2. Dynamic air flow bench (Pressurized chamber mounted to a single-cylinder head)
— Vary the valve opening speed, valve lift heights, number of active valves

3. Single-cylinder engine tests
— Motored (ne combustion) — evaluate the effect of moving piston and in-cylinder flow

— Combustion — realistic conditions at exhaust valve opening

4. Multi-cylinder engine tests
— [Estimate influence of cylinder interaction

Summary and Conclusion: Acknowledgement:
Not available (new project) Supervisor: Andreas Cronhjort
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PROJECT DESCRIPTION ETH CCGEx
Status: Running 2013-01-31/MA

Research cluster area: Acoustics

Project name: Exhanst noise from large diesels

Project leader: Mats Abom

Associated doctoral student: Antti Hynninen, VTT (Finland)
Main supervisor: Mats Abom, assistant supervisor Hans Bodén
Project start: Aug-2009

Project background: To meet existing and upcoming noise emission targets more accurate
prediction of exhanst noise from large diesels used for power plants or manne applications
13 of interest. Another topic is the need for acoustic models of after treatment devices. The
project is initiated by Wirtsild and is carmmed out by VIT in co-operation with ETH-
CCGEx.

Project goals: To develop a procedure for the determination of source data from large
diesels plus to develop and valhidate models for after treatment devices.

Project achievements: Measurements (Feb 2010) on a large diesel at the VTT test facility
mn Helsinki in order to validate the predictions of engine exhaust noise usmg GT-power
(LF-harmonics). Development of a procedure for determination of engine exhaust sound
power (HF-part) via in-duct measurements (2011). Proposed a procedure to combine the
LF and HF parts into a complete procedure for source characterization of large diesels
(2012).

Planned work: During 2013 the work on after treatment devices has commenced and one
1ssue 15 the effect of higher order modes.

Time plan: The goal is to finish a PhD during 2014.

Presentations and publications:
Two journal papers plus a number of conference papers.
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The project aims to investigate by Large Eddy Simulations (LES) the pulsatile flow effects on the efficiency of a radial turbine of an
ICE turbocharging system. The complex exhaust manifold will be integrated with the turbine and the heat transfer problem will be
considered. The study targets to: 1) enhance the understanding of the pulsatile exhaust flow and its interaction with the turbine
for a better usage of the exhaust flow energy available to be used (exergy), 2) provide assessment of the exhaust system in an
integrated manner for a realistic quantification of turbine’s performance and implications on engine efficiency, and 3) provide
fundamental knowledge on how the heat transfer in the exhaust manifold and turbine is affected by the flow complexity. The
outcomes of the study will serve as guidelines for developing more efficient turbocharging systems (with extended operating
range) for improved engine efficiency.

Introduction and Motivation: Goals:

The common practice in evaluating the turbocharger’s turbine in
Internal Combustion Engines (ICE) is done by performing 1D
estimations of performance parameters or 3D RANS simulations.
Both methods are based on the steady-state assumption. However,
the flow in the exhaust manifold is highly pulsating and literature
showed that such conditions have significant effects on the turbine
performance [Hellstrém & Fuchs 2010]. Moreover, the heat transfer
problem is not considered and the effects are unknown.

“ Improve understanding of the pulsating flow in complex
manifolds and the effect on heat transfer

‘' Characterization of the pulsating exhaust flow effects
(different valve strategies) on turbocharger’s efficiency

Understanding the reason for the failure of 1D and
steady-state based tools for off-design operating

3 ™ g se 3 - conditions

2 g 1D tools ‘|_> :::::dm w\/

2 é 3[) RANS CFD Rellahlllt\r

= Assessment of heat transfer and related looses for

unsteady, pulsating, non-isothermal flows in the

Pressure Ratio exhaust manifold and turbine of an ICE

Common practice in evaluation of turbocharging system

Research activities:
1. Target device- Borg Warner turbocharger 2. Research Strategy

* Quantify the exhaust flow characteristics in the exhaust manifold under steady
and pulsating (different amplitudes, frequencies and pulse shapes) specific
engine-like conditions

* Characterize the flow structures in the exhaust flow field by using mode

* Assess turbine’s flow characteristics and performance under stable and
unstlhle off-design conditions

+ Characterize the system using 1D modelling and steady-state flow solvers
L * Provide models for flow losses in turbine & volute

Exhaust manifolds = Assessment of heat transfer effects computationally. J
L
Expected Outcomes: @ ) .
The different working packages are expected to be completed according to the time line bellow. It is Energimyndigheten
expected that the project will provide directions fDr dES|gn of exhaust port/manifold and guidelines A V4
for exhaust valve strategies that will bl i ion of ext flow's exergy. OLVO

2014 ! 2015 | 2016 | 2017 | 2018
 Phase2 | ——

Phase 3 .
errt = Y Tpesis 3 BorgWarner
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