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Sammanfattning

Perioden 2011(2010)-2013 var den forsta finansieringsperioden for det nya
kompetenscentrumet  for gasvaxling inom sveriges tre samarbetande
forbranningsmotorcentrum.  Kompetenscentrum  for  gasvéxling CCGEX
(Competence Center Gas Exchange) var en omstart av det tidigare
gasvaxlingscentrumet CICERO (2006-2009) med i huvudsak samma
kompetens/forskningsomrade men med nagot andrad fokus, organisation och
styrning. Industrins engagemang och forskningens industrikoppling 6kades genom
tillsattande av en forestandare utlanad av industrin. Vidare utarbetade under 2009
styrelserna for CERC, KCFP och CICERO tillsammans med representanter for
CTH, LTH, KTH och Energimyndigheten en ny princip fér samordning mellan
kompetenscentra. | samrad beslutade parterna att inféra en Strategi och
Samordningsgrupp (SoS) infor den nya avtalsperioden 2010 - 2013. De tre
kompetenscentrumen samordnades i detta under samlingsnamnet Swedish Internal
Combustion Engine Consortium — SICEC.

Arbete har lagts pa att uppdatera vision/mission samt utforma, visualisera och
forankra en strategi och ett arbetssatt som syftar till att fa en gemensam forstaelse
mellan centrumets alla parter géllande centrumets mal, leveranser samt fortsatt
sékra den akademiska hojden och nyttan.

Centrumledningen har till del forandrats for att skapa en struktur med tydliggjorda
uppgifter och befogenheter att utnyttja den kompetens som finns tillganglig i
centrumet, stdrka samverkan mellan centrets olika vetenskapliga discipliner samt
renodla syften med moten och forum.

CCGEx forskning under perioden har omfattat system, komponenter samt
grundlaggande fysikaliska strukturer som pulserande strdmning i ror och akustik i
komponenter. Ambitionen under perioden har varit att ga ifran ett upplagg dar
manga omraden tacks med enstaka aktiviteter/studenter till att begransa antalet
forskningsomraden, ambitionen &r cirka tre stycken, for att i de omraden dar
CCGEx é&r aktiva kunna lagga mer resurs. Pagaende doktorandprojekt fran det
tidigare CICERO har i stort sett lyfts Over for att sakra kontinuitet for dessa.

Totalt har 7 doktorsavhandlingar, 8 licentiatavhandlingar och 13 Master of
Science arbeten presenterats.

Ett forsta nytt/fornyat forskningsomrade, compressor off desing operation, har
initierats, beretts och bemannats inom centrumet for att skapa fokusering och
skapa synergier mellan i centrumet tillgangliga kompetenser och resurser.
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Summary

This report covers the period of 2011(2010)-2013 which was the first period of
operation for the new third Swedish competence centre in internal combustion
engine. The centre complements the other two (KCFP and CERC) by focusing on
the gas exchange process, system and phenomena connected to this. The
Competence Centre Gas Exchange, CCGEX, was a restart of the previous gas
exchange centre CICERO which was operating 2006-2009. The CCGEX resources
and competence are mostly the same as for the previous centre, but with an update
direction of research, organisation and management. The industry involvement
and a more direct connection between industry need and research direction is
enhanced by the appointment of a centre director provided and funded by the
industry.

In addition to these changes the centre boards of the three centres KCFP, CERC,
with the cooperation of the universities (LTH, CTH and KTH) , CICERO did
during 2009 form a Swedish Internal Combustion Engine Consortium, SICEC.
The goal of SICEC has been to unify the research profiles at the three university
centers. The idea is to generate and continuously update a unified, nationwide
research strategy with each university taking a part, to provide better and more
organized support to industry and society.

A fair amount of work has been spend on updating and analyse the vision/mission
of the centre and to formulate, visualize and establish a strategy and organisation
to support these visions and goals while maintaining the research quality from
previous centre. The centre management have been adjusted in order to clarify
and formulate the division of responsibility and authority for meetings and forum
within the centre to utilise the available competences within the centre.

The research activities during the period include engine systems, components
aswell as studies of fundamental physics phenomenon such as pulsating flow in
pipes and acoustics generation and transmission in components. The ambition has
been to transfer from a large number of areas covered by individual
projects/students into limit the number of research areas in order to be able to
focus more resources and disciplines in the same area. Already ongoing projects
from previous CICERO have been incorporated as is within CCGEX to ensure
continuity for these.

In total 7 PhD thesis’s, 8 licenciate thesis’s and 13 MSc thesis have been
presented during 2011-2013.

A first pilot research focus area, compressor off design, has been intiated,
prepared and resources have been assigned. The ambition is this will form a basis
for more focused work and to establish a better use of resources, academic as well
as industrial, with the centre.



@ SLUTRAPPORT 5 (46)
Energimyndigheten CCGEX 2011-2013

Datum Dnr

20140220 2010-003209

Innehallsforteckning
][0T ] oo ] AR OP TSR 2
SAMMANTALINING ...eeveee et sneenae e 3
SUMIMAIY ...ttt et b e st e b e e ab e e abe e e mb e e nbe e saneenbeeanneas 4
18] (=T | 0T oo RO UPT RSP PPORRPRS 6
1] o] TSSOV URPRPRRPTTPIN 6
)Y 1SRRI SRR 7
IVIAL ..ottt bbbttt ettt ne s 7
FOrskniNgSKOMPELENSEL .....c.viiieecc e 7
OFQANISALION ...ttt ettt st e e te s st e sbeenbeeneenreas 8
HUVUAIESUITAL......ceeeeiee et 12
EXAIMING ..ottt bbb 13
MAIUPPEYHBISE ...t 14
Effekter 1 SAMNEIEt.........ccoii e 14
GENOMTOTANGE ...ttt 15
Ekonomisammanstalining..........coooieiieiii e 18
Bilaga 1 Specifik maluppfyllese samt KOMMENtarer ............ccccoeeveveveeereerevcerennnn,s 19
Bilaga 2 EXAmMING........ccviiiiiie e 22
Bilaga 3 PUBIIKAtiONSHISTA .........oiveeiiiiicie e 24

Bilaga 4 Projekt POSTEIS” ... ..c..iiiiiiiieiie ettt 29



@ SLUTRAPPORT 6 (46)
Energimyndigheten CCGEX 2011-2013

Datum Dnr
20140220 2010-003209

Inledning

Den svenska motorindustrin har varit tidiga med 6verladdning och ar starka inom
detta omrade ur ett internationellt perspektiv. Betydelsen av detta omrade okar
med nya forbranningssystem som kréver hoga EGR-halter och laddtryck.
Ventilsystem med variabla dppnings- och stangningstider och lyft kommer mer
och mer. For att behalla industrins konkurrenskraft ar det viktigt med kontinuerlig
kompetensforsorjning inom omradet. Det galler saval sakkunskap som forskare
med relevant kompetens. Omradet gasvaxling och 6verladdning ar specifikt for
CCGEX och téacks inte upp av nagot annat svenskt kompetenscentrum.

Ett kompetenscentrum i forbranningsmotorteknik (CICERQ) startades formellt
2006-01-01 med Energimyndigheten, svensk fordonsindustrin och KTH som
partners. Kompetenscentret var huvudsakligen verksamt inom omradet “gas
management” och hade syftet att kombinera kompetenser inom grundldggande
stromningsmekanik inklusive akustik med praktisk forbranningsmotorkunskap.
CICERO upphoérde i slutet av 2010.

CCGEx eftertrader CICERO, med samma ingaende avdelningar, men med
reviderad inriktning och ledning som ett resultat av de rekommendationer som
framkom i utvarderingen av CICERO 2009. | CCGEx ingar avdelningarna
forbranningsmotorteknik  (KTH  Maskinkonstruktion), Marcus Wallenberg
Laboratoriet for Ljud och Vibrationsforskning (KTH Farkost och Flyg) och
stromningsfysik och tillampad stromningsmekanik (KTH Mekanik). Dessa
avdelningar ~ samverkar  inom CCGEXx. I CCGEx  har  den
forbranningsmotortekniska  kopplingen  stdrkas jamfort med CICERO.
Forestandarpositionen har uttalat placerats pa forbranningsmotorteknik.

For att svara upp mot den kritik och forbattringspunkter som framfordes vid
utvarderingen 2009 samt den forandring 1 inriktning och arbetssatt som
presenterades i ansokan om uppstart av CCGEx 2010 har under den nu avslutade
perioden ett omfattande arbete kring diskussion och forankring av malbilden och
rollerna inom centrument genomforts. Resultatet av denna process presenteras i
form av en omarbetad Vision, Syfte och Strategi beskrivning, vilken presenteras i
féljande sektion.

Vision
Genom att bedriva vérldsledande gasvaxlingsrelaterad forskning ska CCGEXx vara
en sjalvklar partner for saval akademi som industri.

CCGEx ska genom sitt arbete framja medlemsforetagens 6vergang till ett mer
kunskaps- och berdkningsbaserat arbetssdtt med mindre beroende av
protyptestning och lésningar byggda pa praxis.
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CCGEXx ska genom forskning och tydligt samarbete mellan akademi och industri
formedla en positiv och inspirerande bild av de intressanta utmaningar och
mojligheter som uppstar vid motet av de i centrumet delaktiga amnena.

Syfte

CCGEx:s syfte ar att utfora akademisk forskning med hodgsta kvalitet inom
omradet forbranningsmotorers gasvaxling i nara samverkan med fordonsindustrin
och darmed bidra till ett effektivt, hallbart och konkurrenskraftigt transportsystem.
Genom att utnyttja avancerade analys-, mat- och syntesmetoder ska den
fysikaliska forstaelsen ¢ka for grundlaggande relevanta fenomen. Genom denna
okade forstaelse kommer forskare inom CCGEX att kunna identifiera nya tekniska
mojligheter och lésningar inom gasvéxling, EGR-system, 6verladdning och
efterbehandlingssystem.

CCGEXx ska stddja svensk fordonsindustri med relevant forskning huvudsakligen
riktat mot tidsperspektivet 10-20 ar. Projekt och uppdrag med Kortare
tidsperspektiv hindrar inte det 6vergripande tidsperspektivet.

CCGEx ska rekrytera och utbilda framtida ledare och experter inom
forbranningsmotorutveckling och  forskning i1 ndra samverkan med
fordonsindustrin. Dessa ska tranas i grundlaggande forbranningsmotorteknik saval
som att utféra kvalitetsforskning med hjalp av avancerade metoder. Bredden av
metoder erhalls genom samarbete med forskare inom centret dar tre akademiska
amnen  (forbranningsmotorteknik, stromningsmekanik samt akustik) &r
representerade.

Mal
CCGEXx o6vergipande mal ar bli ett ledande nationellt och internationellt centrum

kring gasvéaxling som stddjer industrins utveckling mot ett mer kunskaps- och
berdkningsbaserat arbetssatt.

Forskningskompetenser

CCGEx ar uppbyggt av tre forskningsgrupper som representerar de
vetenskapsomraden som centret omfattar: Forbranningsmotorteknik, Inst for
Maskinkonstruktion, skolan for industriell teknik och management (ITM);
Stromningsmekanik, Inst for Mekanik samt Marcus Wallenberg Laboratoriet for
ljud och vibrationsforskning (MWL) bégge vid skolan fér Teknikvetenskap (SCI).
Totalt har fem professorer samt cirka tio yngre forskare fran dessa tre grupper att
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varit aktiva inom centret, se www.ccgex.kth.se. Den vetenskapliga kvaliteten hos
deltagande forskare ar hdg. De tva grundvetenskapliga delarna inom centret,
Mekanik samt Akustik (MWL), rankades t.ex. vid VR:s utvérdering av
Mekanikomradet i Sverige med betygen "outstanding” respektive “excellent”.
Betraffande hela omradet "Mechanical engineering” rankas KTH som nummer 28
i varlden och nummer 8 i Europa.

Centralt for CCGEXx ar det moderna motorlaboratoriet med fyra motorprovceller
med tekniker och verkstadssupport som finns vid avdelningen for
forbranningsmotorteknik samt det sarskilda turbolaboratoriet (CICERO) som
byggts upp under det tidigare centrets period. Detta turbolaboratorium &r en unik
resurs som medger detaljerade studier av samverkan mellan pulserande gasfloden
och turboaggregat. Har kan ocksa namnas majligheterna att i detalj kartlagga de
akustiska egenskaperna.

Vid KTH Mekanik finns kompetens inom avancerad CFD inklusive
turbulensmodellering i kompressibla och instationdra strémningsfalt med och utan
kemiska reaktioner. Dessutom finns ett avancerat laboratorium med kompetens
for avancerade stromningsmatningar (t.ex. varmtradsanemometri, LDV, PIV och
sliroptik). Vid Marcus Wallenberg Laboratoriet for Ljud- och Vibrationsforskning
(MWL) som tillhor institutionen Farkost och Flyg, finns en grupp som sedan mer
an 20 ar har arbetat med akustisk modellering av insugnings- och avgassystem for
forbranningsmotorer. Vid MWL finns ocksa utméarkta experimentella resurser och
erfarenhet av speciella matmetoder for analys av ljudfélt i strommande media.

Organisation

Centrumet bestar totalt av fem huvudparter:

Akademin - KTH

Svenska staten — Energimyndigheten

Industriparter — Scania CV, Volvo Cars, Volvo GTT, (SAAB)

Styrning, Figur 1, av centrumet sker via styrelsen, dar akademin och de tre
industriparterna ar representerade med en rost var och energimyndigheten har réatt
till representation utan rostratt. Styrelseordférande, med tva roster, ar SICEC och
gemensam for alla tre motorforskningscentrumen.


http://www.ccgex.kth.se/
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CCGEx

CCGEx Board

Center Director
Center Vice Director

Figur 1 CCGEX styrning

Styrelsen har ocksa en stodfunktion i och med Strategi och Samordningsgruppen
vilken har till syfte att Overblicka och underltta samordning och samarbete
mellan kompetenscentrumen.

Ledningsuppdraget for centrumet och fdredragande for centrumet ligger hos
forestandare och vice forestandare.

CCGEXx styrelse har under perioden (med byte av VCCrepresentant under
perioden) av:

Tommy Bjorkqvist SICEC, Ordférande
Bjorn Birgisson KTH

Gunilla Efraimsson KTH

Per Lange Scania CV

Annika Kiristoffersson (2011-2012) / | Volvo Cars
Lucien Koopmans (2013)
Johan Wallesten Volvo GTT

Anders Johansson Energimyndigheten

Tabell 1 CCGEXx styrelse

CCGEX ér ett forskningssamarbete mellan industri och hogskola, déar hdgskolan ar
huvudsaklig forskningsutforare. Hogskoledelen av CCGEX é&r organiserad kring
en centrumledningsgrupp, Figur 2, vilken har i uppdrag att utarbeta och forvalta
centrumets forskningsinriktning/forskningsomraden och vision/syfte/mal.
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Jonas Holmborn

Forestandare, ITM

Mats Abom

Vice forestandare, SCI

Andreas Cronhjort

Forbr.motor, ITM

Niklas Winkler (2012)

Forbr.motor, ITM

Mihai Mihaescu

Fluidmekanik sim, SCI

Nils Tillmarkt Turbolab Fluidmekanik exp, SCI
Ramis Orli Fluidmekanik exp, SCI

Hans Boden (2012) MWL, SCI

Susann Boij (2013) MWL, SCI

Tabell 2 CCGEx centrumledningsgrupp

Remissinstanser for centrumledningen bestar av centrumets refensgrupp, Tabell 3,
dar industri- och akademirepresentanter mots, samt CCGEx vetenskapligarad,

Tabell 4.

CCGEXx industrirepresentation i referensgruppen har bestatt av:

Per-Inge Larsson Scania CV
Daniel Norling Scania CV
Eric Baudion Scania CV
Dennis Konstanzer Scania CV
Elias Johansson Volvo GTT
Magnus Ising Volvo GTT
Johan Lennblad Volvo Cars
Magnus Knutsson Volvo Cars

Tabell 3 Industrirepresentation referensgrupp
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CCGEXx vetenskapliga rad har bestatt av:
Jonas Holmborn Forestandare, ITM
Mats Abom Vice forestandare/professor, MWL SCI
Hans-Erik Angstrom Professor, forb.motor ITM
Andreas Cronhjort Docent,forb.motor ITM
Henrik Alfredsson Professor, fl.mech SCI
Laszlo Fuchs Professor, fl.mech SCI

Tabell 4 Vetenskapligt rad
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Huvudresultat

Under aret, och i samband med den nya forestandarens tilltrade, har ett arbete
kring centrumets organisation startas och till stor del implementerats.

Grundtanken i organisationen &r att identifiera forskningsomraden vilka stammer
med centrumets vision/strategi, industrins behov och deltagande parters
kompetenser och resurser.

Utgangspunkten for formuleringen av forskningsomraden har varit industrins road
map, vilket innehdller framtida utmaningar, intresseomraden och tekniker som
den tunga (Scania och Volvo GTT) respektive latta (Volvo GTT och fd SAAB)
sidan har sammanstéllt inom SICEC samarbetet. Fran dessa har omraden som
”motorsystem”, “6verladdning”, “komplexa fléden” och ”avgasbehandling”
identifierats.

For dessa omraden formuleras forskningsfragor i samrére mellan akademin och
industrins representanter inom respektive forskningsomrades referensgrupp.
Syftet med att formera referensgrupper kopplat till respektive forskningsomrade
ar att 0ka kontakten, informationsutbytet och samplaneringen mellan centrumets
hdgskoleparter samt industrin.

Organisationen och arbetsséattet har som forst implementerats pa formuleringen av
forskningsomradet ”compressor off design — surge”.

Organisationen visualiseras i Figur 3
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Figur 3 Forskningsorganisation CCGEXx

Leveranser fran centrumet bestar av okad forstaelse och ny kunskap kring
gasvaxlingssystem i allméanhet och 6verladdning/turbo i synnerhet. Forstaelsen
sprids genom ett antal kanaler dar méten och diskussioner med ingenjorer i
industrin och publikationer ar nagra exempel. Under perioden (2011-2013) har 49
kvalitetsgranskade publikationer gjorts i centrumets namn, se Bilaga 3
Publikationslista for komplett lista. De mest tydliga leveranserna ar dock de
examina, doktor/licenciat/MSc som avlaggs inom eller i ndra samarbete med
CCGEXx.

Examina

Under aktuell programperiod har examina i form av doktorsexamen,
licenciatexamen samt Master of Science examen avlagts inom CCGEx
verksamhetsomraden som stracker sig fran grundlaggande kunskap inom
experimentellkaraktérisering av grundldggande stromningsstrukturer i rérsystem
till kompressor och turbin, flédesmétning av pulserande strdmning samt
méatmetoder for berdringsfri tryckmatning i ror och roterandekomponenter. Vidare
experimentella arbeten har presenterats och forsvarats inom akustisk
karaktérisering av turboaggregat, kanalstromning och ljuddampande principer och
I6sningar for gasvaxlingssystem. Simuleringskunskap och studier &r viktiga
komponenter for CCGEx kompetens och leveranser till sina partners. Inom detta
omrade har avhandlingar gallande full 3D stromingssimulering samt 1D
gasdynamiksimulering applicerats pa gasvaxlingssystem som avgasventil/port,
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avgassamlare, turbin, EGRsystem och motorn som helhet i saval stabil som
transient drift.

Totalt har 7 doktorandavhandlingar, 8 licenciatavhandlingar och 13 Master of
Science arbeten presenterats, for vidare detaljer kring titel och person se Bilaga 2
Examina.

Disputerade personer har gatt vidare till anstallningar inom akademin bade i
sverige och i utlandet, vissa till fordonstillverkare som &r partners i CCGEx men
den storsta arbetsgivaren for CCGEx disputerade &r konsultbolag inom
fordonsbranschen. Ett stickprov i januari 2014 indikerar att s3 manga som fyra
fran CCGEXx disputerade personer har uppdrag enbart pa Scania.

Maluppfyllelse

Maluppfyllensen var en av de punkter som adresserades vid den utvardering som
Faugert & CO utférde under varen 2013. | samband med denna gjordes en intern
egenutvardering i kombination med en extern exertutvérden av vetenskapliga
parameterar (expert utvardering av vetenskaplig produktion) samt av organisation
och kommunikation (Faguert & CO). Den samlade bilden &r att CCGEXx hittills
har uppfylit sitt dvergripande syfte val och bor bedémas ha goda forutsattningar
att fortsatta att gora det. Aven nar det galler de mera specifika malen for
programperioden och de angivna framgangskriterierna ar bilden positiv fran saval
externa experter som den interna uppfattningen.

Specifika mal och kriterier och kommentarer kring dem presenteras i Bilaga 1
Specifik maluppfyllese samt kommentarer

Effekter i samhallet

Det tar ofta mycket lang tid for resultat och effekter av forskningsprojekt att bli
observerbara, speciellt som arbetet inom kompetenscentrum bedrivs med
deltagande av industrier som samtidigt ar konkurrenter, vilket driver projekten till
att vara av generisk och ej av produktnara karaktar. De effekter som CCGEXx kan
tankas ha pa samhallet tar av naturliga skal mer &n ett par ar att uppsta och det
finns an inga exempel pa iakttagna effekter.

Effekter som CCGEx kan tdnkas ha framOver diskuteras inom
programbeskrivningen dar CCGEx forvantas spela en viktig roll betraffande
minskad bransleforbrukning och de lagkrav som finns pa begransningen av
emissioner. Lagkraven innebar ett 6kat beroende av efterbehandlingssystem utan
att Oka bransleforbrukningen, vilket &ar fragestallningar som ligger inom
centrumets omrade. Pa den tunga sidan kan energibesparing uppnds genom
vidareutveckling av forbranningsmotorn vilket kommer att bidra till
energieffektivisering.

Dessa lagkrav, i kombination med den harda internationella konkurrensen,
innebar hoga kostnader for foretagen. Da flera av de deltagande svenska foretagen
ar delar av internationella foretag kommer de troligtvis bli utsatta for
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patryckningar om forflyttning och sammanslagning, och stark konkurrenskraft blir
da ett satt att behalla dem i Sverige. Att ett kompetenscentrum, i detta fall
CCGEX, kan hjélpa att sakerstélla industrins framtida konkurrenskraft innebar
darmed en indirekt nytta for samhallet i stort. Inom CCGEXx bedrivs ocksa
verksamhet kopplad till minskat buller fran minskat buller fran biltrafik via
kunskapsbyggandet kring ljudalstring, transferering och dampning i
motorkomponenter och system.

Genomfdrande

CCGEx forskning under perioden har omfattat system, komponenter samt
grundlaggande fysikaliska strukturer som pulserande stromning i ror. Ambitionen
under perioden har varit att ga ifran ett upplagg dar manga omraden tacks med
enstaka aktiviteter/studenter till att begransa antalet forskningsomraden,
ambitionen ar cirka tre stycken, for att i de omraden dar CCGEXx ar aktiva kunna
lagga mer resurs. Genom fokuseringen kan de aktuella fragestallningarna belysas
och utredas fran ett antal olika perspektiv genom de olika kompetenser och
discipliner som &r knutna till CCGEx pa KTH. Relevanta fokusomraden har tagits
fram baserat pa industrins road-map/utmaningar och diskussioner pa centrum
moten da industrins aktuella prioriteringar har lyfts fram. Formulering av
forskningsfragor samt forskningsupplagg har bedrivits inom KTH med en
omradesansvarig fran ledningsgruppen som sammanhallande for beredningen.

CCGEXx har, pd samma satt som de andra centrumen inom SICEC, kontinuerligt
tagit in synpunkter via arliga besok av en International Advisory Board (IAB).
Vidare har CCGEx tillsammans med Ovriga kompetenscentrum inom
forbranningsmotorteknik utvarderats under varen 2013, vilket utfordes av den av
Energimyndigheten anlitad konsultfirman Faugert&CO.

| utvérderingsrapportens vetenskapliga bedémning av verksamheten konstateras
att ”den Overgripande beddémningen av kompetenscentrumet CCGEx ér tydligt
positiv och forskningsaktiviteterna bedéms som relevanta och internationellt
konkurrenskraftiga”.

Vid periodens borjan var ett antal projekt uppstartade inom ramen for det tidigare
CICEROcentrumet. Under periodens senare del har det stora antalet omraden
ersatts med fokusering inom ett begransat antal omraden men med storre resurs
fran flera discipliner inom samma fragestdllning. | och med denna
strategiomlaggning och en osakerhet gallande finansieringen da SAAB férsvann
under perioden har inte de avslutade doktorandprojekten ersatts direkt med nya i
samma takt. Under 2012 startades ett forsta gemensamt omrade Kkallat
“compressor off design operation” upp dar resurser fran alla discipliner arbetar
inom samma fragestallning. | Figur 4 visas forskningsomraden, projekt och deras
tidsfasning inom perioden rapportens tidsperiod. Projektens tidsutstrackning har
dragits utanfor 2011-2013 for att ge 6verblick 6ver projektens fasning.
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For detaljerad beskrivning av forskningsformulering, analys och resultat for
respektive projekt hanvisas till Bilaga 4 Projektposters och Bilaga 3
Publikationslista.

Inom motorsystem har projekt for att mojliggora hantering av transienta forlopp i
motorsimulering bedrivits inom “study of turbo chargers on engine”. Har
analyserades varmeoverforing i turboaggretat for att kunna modellera varmeflode
I turbo och applicera detta i 1D modelleringsverktyg.

Restvarme atervinning i motorsystem har studierats simuleringsmassigt inom
”Waste Heat Recovery”. Studier av idealiserade komponenter for anvandning av
turbocompound har genomforts for att identifiera dimensionerande system och
komponenter vid anvéndning av turbocompoundturbiner och mojliga sétt att
undvika begréansande fenomen.

Inom “Improved use of blow down energy” har ett koncept for att begrénsa
pumparbetet vid gasvéaxlingen i kolvmaskinen i kombination med turboaggregat
undersokts och utvérderats for mojliga applikationer i 1att och tungapplikation.

For turbon som isolerat system har verktyg och metoder for att karaktérisera
akustiska egenskaper hos turboaggregat i rigg utvecklats inom “Experimental
characterisation of turbo chargers” och “CFD modelling of turbo charger
acoustics”

| och med uppstart av nya forskningsomraden under 2012 formulerades omradet
”compressor off design operation — surge”. Har har karaktdrisering av
turboakustik ndra och under surge genomforts experimentellt i CICEROIlabbet
samt i parallell har strdmningssimuleringar genomforts for att forst verifiera
CFDverktyg och metod vilka nu évergatt till analys av hur och var stérningar
vilka utvecklas till surge uppstar.

Inom turbinomradet har studier av strémingsstrukturer i kollektor och genom
turbin genomforts i form av CFDstudier inom “exhaust manifold pulsating flows”

Systemstudier kring EGRkonfigurationer och dess prestanda drivande parameterar
har bedrivits inom “EGR with focus on new combustion concepts” dar
forbranningsmotordoktoranden ocksa samarbetat med simuleringsdoktoranden
inom "EGR mixing”. Detaljstudier av vilka stromningsstrukturer och fenomen
som driver tryckfall och stromningsfalt i avgasventil, port och avgassamlare har

bedrivits inom “pulsating flow in complex geometries”, "flow losses in exhaust
port” och "incylinder flow”.

Samtidiga studier av stromningsfenomen och metodutveckling av matmetoder for
massflodesmatning av pulserandestroming (“flow metering in pulsating flow”),
icke storande matning av tryck (”pressure sensitive paint for rotating
components”) och applicering av multikomponent PIV i stationar/pulserande
stromning ("pulsating flow in complex channels™).
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Under 2013 startades, i linje med den strategiskaplanen, ett andra fokusomrade
upp — heta sidan — dar system, komponenter och fenomen pa motorns heta
avgassida interagerar och modelleras.
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Figur 4 Forskningsomraden & projekt inom aktuell finansieringsperiod (ICE-
forbranningsmotorteknikenheten, MWL -akustikenheten, FL.mek-mekanikinst.)
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Ekonomisammanstéallning

Ekonomin for det 2010 omstartade kompetenscentrumet har under delar av aktuell
period varit utmanad da en av fyra industriella partner (SAAB) under 2010
hamnade pa ekonomiskt obestand och slutligen 2011 gick i konkurs. Detta gjorde
att en fjardedel av budgeterad intékt fran industrin forsvann redan i ett tidigt skede
av perioden. Franfallet av SAAB har under aktuell period kompenserats av att
kvarvarande industriella parter har 6kat sin insats genom skjuta till ytterligare in-
kind utdver den initialt planerade.

KTH har okat sin insats genom att lata ett antal stipendiater fran Chinese Science
Counscil (CSC) samt EU knytas till centrumet vilket ytterligare Okat resurs till
centrumet.

Detaljerad ekonomiuppféljning med nedbrytning pa omradesniva sker i separat
ekonomirapportering. En mycket kort sammanfattning pa évergripandeniva ges i

Tabell 5

KTH kontant 2907996
KTH inkind 22561000
KTH direkt 25468996
KTH EU+CSC " 7800000
KTH totalt 33268996
Industri kontant 5400000
industri inkind 16721325
Totalt industristod 22121325
Energimyndigheten 21000000

Tabell 5 CCGEx ekonomisummering for perioden 2011-2013

CCGEXx har alltsé totalt, inkluderande bade kontant och in-kind insatser, omsatt 76
MSek med en bidragsniva fran energimyndigheten pa 31%, industri 32% och
KTH37%.
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Bilaga 1 Specifik maluppfyllese samt kommentarer

Mal:

Kommentar

att utveckling av experimentell teknik
och matmetodik relevanta for
gasvaxling har pagatt och anvants i
olika projekt

Exempel:
EGR matning mha CO2 sampling,
fast-soot-sensor, diodlaser absorption

massflédesmatning i pulserande
flode, vortex shedding meter
anvandning av wavelet teknik

unik rig for bestamning av akustiska
2-portsdata inkl ljudalstring for turbo-
aggregat

PIV-métningar i grenrorsliknande
geometrier

Tryckkénslig farg (PSP) for
instationéra tryckmatningar i
pulserande stromning i
grenrorsliknande geometrier

avancerade numeriska modeller
(CFD-LES) har applicerats for
detaljerade studier inom omradet

Simulering och utvardering av
dominerande strukturer i stromning
mha DMD och POD analys.
Utvardering av tryckfalls drivande
strukturer i avgasventil/port/grenror
Analys och jamforelse mellan
detaljerad (tid och rymd) LES och
industri RANSs i grenrdr/turbin

Simulering av blandning och
fordelning av EGR i inloppsror.
Utvérdering av blandningsprocess
samt jamforelse med 1D simulering
och experimentella data

att numeriska modeller har verifierats
med avancerad experimentell teknik

EGR blandning/férdelning i
inloppsror, kopplade undersokningar
genom LES simuleringar <>1D
GTPower < experimentella data

att i genomsnitt 2 licentiat- och
doktorsexamina/arl

2011 2012 2013

2 PhD 2 PhD 3 PhD

2 Lic 4 Lic 3 Lic
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att CCGEX ér representerat vid 2011 2012 2013
relevanta konferenser sa att minst 10 15st 15st 2st

vetenskapliga artiklar och
konferenspresentationer per ar med
CCGEXx:s signum har publicerats har
avlagts

att i genomsnitt en artikel/ar
publiceras med en utomlands baserad
forskare

Da vi har samarbeten i form av EU
projekt har vi studenter som ar delvis
placerade pad KTH och delvis pa ex
Tallin och Kairo univ. LES har
publicerats med Larmi SF. En artikel
(PSP) tillsammans med forskare i
Japan ar inskickad i reviderad
version.

att i genomsnitt en doktorand/ar inom
CCGEX har forskat vid utlandskt
universitet eller forskningsenhet

Under 2012 sa forskade Pastuhoff tre
manader vid Tohoku University,
Sendai, Japan och Kalpakli tre
manader vid Princeton University,
USA.

att ge minst tva doktorandkurser inom
omradet per ar

Compressible flows (Henrik
Alfredsson)
Aeroacoustics (Mats Abom)

Signal Analysis (Hans Bodén)
Compressor flows (Mihai Mihaescu)

Uncertainty analysis (Henrik
Alfredsson)

att starka avdelningen
Forbranningsmotorteknik genom
tillsattning av atminstone tva
akademiska tjanster

Lektor (Andreas Cronhjort)
Rekrytering ny professor i FOrbrén-
ningsmotorteknik pagar,
tjansteforslagsndmnd har levererat
rekommendation till rektor jan 2014

Oka antalet seniora forskare
verksamma inom CCGEx

Féljande post-doktor &r anstallda
under perioden och har del av sin
verksamhet knuten till CCGEXx:
Niklas Winkler, Mihai Mihaescu,
Andreas Holmberg, Lin Du, Susann
Boij

att 6ka antalet industriella partner
engagerade i CCGEXxs forskning med
minst tva under programperioden

Samarbeten inom delomréden med
VTT och Wartsila (Finland)
Swenox

20 (46)
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Honeywell

att 6ka finansiering via direkta medel
inkluderande associerade projekt till
minst 20 milj SEK/ar

Summering av kontant+in-kind blir
23-24 MSek per ar 2011-2013

att etablera atminstone en adjungerad
professor eller lektor fran industrin
verksam inom CCGEXx

Forestandaren har rekryterats och ar
betald av industrin. Andreas
Cronhjort (tidigare arbetsgivare
Scania) har anstallts som lektor vid
KTH.

att bli koordinator eller deltagare i
atminstone ett EU-finansierat projekt

Deltar i 1 EUprojekt (MWL 1)
Koordinerar ansokan till GAME-NET

CCGEXx skall bidra till att fler kvinnor
rekryteras som examensarbetare,
forskarstuderande och till tjanster pa
hogre akademisk niva for att
mojliggora en jdmnare férdelning
mellan mén och kvinnor inom
universitet och foretag.

En kvinnlig doktorand &r for
nérvarande verksam (planerad
disputation Q2 2014), en har
disputerat 2012, en har avslutat med
TeknL och en kvinnlig examensarbe-
tare har examinerats inom CCGEx
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Bilaga 2 Examina

Bodin, O. (2013) Simulations of compressible flows associated with internal
combustion engines. PhD thesis, KTH Mechanics

Sakowitz, A. (2013) Computation and analysis of EGR mixing in Internal
Combustion Engines. PhD thesis, KTH Mechanics

Wang, Y. (2013) Numerical Studies of Flow and Associated Losses in the
Exhaust Port of a Diesel Engine. PhD thesis, KTH Mechanics

Gundmalm, S. (2013) Divided Exhaust Period on Heavy-Duty Diesel Engines.
Licentiate thesis, KTH Internal Combustion Engines

Fjallman, J. (2013) Unsteady simulations of the turbulent flow in the exhaust
system of an 1C-engine for optimal energy utilization. Licentiate thesis, KTH
Mechanics,

Le Bihan, T. (2013) Accuracy of PSA's DPF soot load estimator calibrated by
means of a DOE model, MSc thesis,

Sjoberg E. (2013) Friction Characterization of Turbocharger Bearings, MSc
thesis, KTH Internal Combustion Engines

Alenius, E. (2012) Flow Duct Acoustics: An LES Approach. PhD thesis, KTH
The Marcus Wallenberg Laboratory for Sound and Vibration Research

Laurantzon, F. (2012) Flow measurements related to gas exchange applications.
PhD thesis, KTH Mechanics

Aghaali, H. (2012) On-Engine Turbocharger Performance Considering Heat
Transfer. Licentiate thesis, KTH Internal Combustion Engines

Elsaadany, S. (2012) Investigation and Optimization of the Acoustic Performance
of Exhaust Systems. Licentiate thesis, KTH The Marcus Wallenberg Laboratory
for Sound and Vibration Research

Kalpakli, A. (2012) Experimental study of turbulent flows through pipe bends.
Licentiate thesis, KTH Mechanics

Tiikoja, H. (2012) Acoustic Characterization of Turbochargers and Pipe
Terminations. Licentiate thesis, KTH The Marcus Wallenberg Laboratory for
Sound and Vibration Research

Ferro, M. (2012) Experimental study on turbulent pipe flow, MSc thesis

Qazizadeh, A. (2012) Analytical and Numerical Analysis of the Acoustics of
Shallow Flow Reversal Chambers, KTH The Marcus Wallenberg Laboratory for
Sound and Vibration Research
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Svanberg, P. (2012) Analysis and design of a semi-active muffler, MSc thesis,
KTH The Marcus Wallenberg Laboratory for Sound and Vibration Research

Vernet, J. (2012) Detailed study of steady incylinder flow and turbulence using
stereo-P1V, MSc thesis, KTH Mechanics

Westlund, A. (2011) Simplified models for emission formation in diesel engines
during transient operation. PhD thesis, KTH Internal Combustion Engines

Winkler, N. (2011). Reduced models for flows in 1C-engines. PhD thesis, KTH
Internal Combustion Engines

Ottosson, T. and Holmberg, S. (2011) Free Valves: The Effect of Different Valve
Strategies on In-Cylinder Flow, Emissions and Performance in a Heavy Duty
Diesel Engine. MSc thesis, KTH Internal Combustion Engines

Pimenov, D. (2011) Investigation og Nonlinear Acoustical Properties of
Perforated Plate Samples and Samples of Aircraft Engine Liners, MSc thesis,
KTH The Marcus Wallenberg Laboratory for Sound and Vibration Research

Sattarzadeh, S.S. (2011) Experimental study of complex pipe flow. MSc thesis,
KTH Mechanics

Sedarati, P. (2011) Simulations of sound propagation at a duct termination with
flow, MSc thesis, KTH The Marcus Wallenberg Laboratory for Sound and
Vibration Research

Weng, C. (2011) Comparison of perforate impedance models, MSc thesis, KTH
The Marcus Wallenberg Laboratory for Sound and Vibration Research

Zhenrui, W. (2011) Sound generation from turbo-compressors, MSc thesis, KTH
The Marcus Wallenberg Laboratory for Sound and Vibration Research

Zu, X. (2011) Acoustics of parallel baffles muffler with Micro-perforated panels,
MSc thesis, KTH The Marcus Wallenberg Laboratory for Sound and Vibration
Research
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Bilaga 3 Publikationslista
Journal & Conference Papers
2013

Abom, M. and Allam, S. (2013) Dissipative Silencers Based on Micro-Perforated
Plates. SAE Technical paper 2013-24-0071. dx.doi.org/10.4271/2013-24-0071

Aghaali, H. and Angstrém, H.E. (2013) Temperature Estimation of
Turbocharger Working Fluids and Walls under Different Engine Loads and Heat
Transfer Conditions. SAE/11th International Conference on Engines & Vehicles,
2013-24-0123. dx.doi.org/10.4271/2013-24-0123

Aghaali, H. and Angstrom, H.E. (2013) Demonstration of Air-Fuel Ratio Role in
One-Stage Turbocompound Diesel Engines. SAE/KSAE 2013 International
Powertrains, Fuels & Lubricants Meeting, 2013-01-2703. papers.sae.org/2013-01-
2703/

Allam, S. and Abom, M. (2013) Whistling Potential for Duct Components. SAE
Technical paper 2013-01-1889. dx.doi.org/10.4271/2013-01-1889

Bodin O., Wang Y., Mihaescu M., and Fuchs L. (2013). LES of the Exhaust
Flow in a Heavy-Duty Engine. Oil Gas Sci. Technol. — Rev. IFP Energies
nouvelles. dx.doi.org/10.2516/0gst/2013117

Gundmalm, S., Cronhjort, A. and Angstrom, H.E. (2013) Divided Exhaust
Period: Effects of Changing the Relation between Intake, Blow-Down and
Scavenging Valve Area. SAE 2013, 2013-01-0578. dx.doi.org/10.4271/2013-01-
0578

Jyothishkumar, V., Mihaescu, M., Semlitsch, B., and Fuchs, L., (2013)
Numerical Flow Analysis in a Centrifugal Compressor near Surge Condition.
AIAA Paper, AIAA 2013-2730. dx.doi.org/10.2514/6.2013-2730

Kabral, R., Rammal, H. and Abom, M. (2013) Acoustical Methods for
Investigating Turbocharger Surge. SAE Technical paper 13NVC-0075.
dx.doi.org/10.4271/2013-01-1879

Kalpakli, A. and Orlii, R. (2013) Turbulent pipe flow downstream a 90° pipe
bend with and without superimposed swirl. Int. J. Heat Fluid Flow. 41:103-111.
dx.doi.org/10.1016/].ijheatfluidflow.2013.01.003

Kalpakli, A., Orli, R., and Alfredsson, P.H. (2013) Vortical patterns in
turbulent flow downstream a 90 degree curved pipe at high Womersley numbers.
Int. J. Heat Fluid Flow. dx.doi.org/10.1016/].ijheatfluidflow.2013.09.008

Sattarzadeh, S.S., Kalpakli, A., and Orli, R. (2013) Hot-Wire Calibration at
Low Velocities: Revisiting the Vortex Shedding Method. Advances in Mechanical
Engineering. 2013:241726. dx.doi.org/10.1155/2013/241726
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Sakowitz A., Mihaescu M., and Fuchs L. (2013). Turbulent Flow Mechanisms in
Mixing T-junctions by Large Eddy Simulations. Int. J. Heat Fluid Flow, 45:135—
146. dx.doi.org/10.1016/j.ijheatfluidflow.2013.06.014

Sakowitz A., Mihaescu M., and Fuchs L. (2013). Flow Decomposition Methods
applied to the Flow in an Internal Combustion Engine manifold. Appl. Therm.
Eng., 65:57-65. dx.doi.org/10.1016/j.applthermaleng.2013.12.082

Sakowitz, A., Mihaescu, M. and Fuchs, L. (2013) Effects of velocity ratio and
inflow pulsations on the flow in a T-junction by Large Eddy Simulation. Comput.
Fluids. 88:374-385. dx.doi.org/10.1016/j.compfluid.2013.10.001

Sakowitz, A., Reifarth, S., Mihaescu, M. and Fuchs, L. (2013) Modeling of
EGR Mixing in an engine intake manifold using LES. Oil Gas Sci. Technol. — Rev.
IFP Energies nouvelles. dx.doi.org/10.2516/0gst/2013118

Semlitsch, B., Jyothishkumar, V., Mihaescu, M., Fuchs L., and Gutmark, E.
J. (2013) Investigation of the Surge Phenomena in a Centrifugal Compressor
Using Large Eddy Simulation. ASME Paper, IMECE2013-66301.

Wang, Y., Semlitsch, B., Mihaescu, M., and Fuchs, L. (2013) Flow Structures
and Loses in the Exhaust Port of an Internal Combustion Engine. ASME Paper,
IMECE2013-64610.

Zhou, L. and Bodén, H. (2013) The effect of combined high level acoustic
excitation and bias flow on the acoustic properties of an in-duct orifice. 19th
AIAA/CEAS Aeroacoustics Conference. AIAA 2013-2128.
dx.doi.org/10.2514/6.2013-2128

2012

Aghaali, H. and Angstréom, H.E. (2012) Turbocharged SI-Engine Simulation
with Cold and Hot-Measured Turbocharger Performance Maps. ASME Turbo
Expo 2012, GT2012-68758. abstract.

Aghaali, H. and Angstrom, H.E. (2012) Improving Turbocharged Engine
Simulation by Including Heat Transfer in the Turbocharger. SAE 2012, 2012-01-
0703, dx.doi.org/10.4271/2012-01-0703.

Alenius, E., Abom, M. and Fuchs, L. (2012) LES of Acoustic-Flow Interaction at
an Orifice Plate. 18th AIAA-CEAS Aeroacoustics conference. AIAA Paper 2012-
2064, dx.doi.org/10.2514/6.2012-2064.

Allam, S., Abom, M. and Wester, L. (2012) Noise control for cooling fans on
heavy vehicles. Int. Conf. Fan Noise, Senlis, France, 18-20 April 2012.

Bodin, O., Wang, Y., Mihaescu, M. and Fuchs, L. (2012) LES of the exhaust
flow in a heavy-duty engine. Proc. Int Conf LES for Internal Combustion Engine
Flows
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On-Engine Turbocharger

Performance
'KTH
:.. K3 ] Habib Aghaali
aghaali@kth.se
KTH COGEX
Abstract

Engme sirmlation based on ons-dimensional g dynancs i well seited for integration of all aspects arsng im angme and power-trads developments.
Commaonty nsed trbockarper parformance mags in engine sinmlation are measured i non-palsating flowr and without taking inte accoent e heat
e However, on-sngine terbochargen am opoved to pulsating Sowr and varying beat tramsfar simations. The ams of this project is o Improve
the quality of dmulxtion of 3 rarbeckarged engize by considering heat Tamsfar m the mrbocharger A set of axperiment has been decigned and
performed on 2 watar-od-coakd turbocharger, whick was istalled on a 2 e GO sagine with varisble valve timing, for different Josd points of the
snging and diferent conditions of heat transfer in the twhochargar. The sxpariments wers the base bo sizmlate beat tramfar on the tubocharger, by
adding a beat sink bafore the turhine and a hoat sowre aftor the compressor. The memlt fom the meammement are mtended to o simmlatinns
throngh hetter mndemstandmg of the parformamcs mags from the mamfscimes and hoo to dgs and sdiect them n view of mal angne nom-idsal

assemblios.
Background Results.
High exhaust iemperature causes sknificant smourt of heat transfer i
In an aslomobive turbocharger, however, this heat transfer Is rarely " T 17 ' I

bl A

Lo

measured or accounted for In amy hwbocharmger performance or 5
turbocharged engine simulation. The project aims o defermine: heat - I
transfer In the turbocharger, a heat ransfer modeal for the on-engine - T‘[‘ l | ’"l
tursocharger, and GT-POWER modsl of the turbocharged engine. |
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ass averaged temperaive afer wrhine vs. case No. In two fypes of
Smuwation; First heat fansfer in the fwbochanger 5 considered which

1. Experimental investigation of lurbochanied engine In diferani heat I5 exaclly 35 same &5 the measurement, and Second heat fansfer in
{ransfer sliuations of the turbochanger. the furbochanger &5 not Conskdersd.

2. Simulation of tubocharged engine by considering heat transfer of

the furbochargar and funing against the Measurameant. FoP—

3. Theoretical Investigation of heat transfar of the twbocharger. A A combined measurement and Smuiation of 3 furbocharged engine
o e B e o has be=n done, In orer fo siudy heat transfer In the furbocharger and
agreement dimterent transer condtions on Improve engine simulation precision and predictablity. The study has

turbocharger. shown that heat transfer In e irbocharges ks very crucial to take Ino
4. Comoining simuiation and modedng and then vedttying Dy the account In enghe simulations, and |t Improves  simulation

experiment predictabity.
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Waste Heat Recovery
Turbocompound

Hahib Aghaali
aghaali@kth.se

Abstract
Theoretically show the potential of turbocompound as a Waste Heat Recovery (WHE) system on
internal combustion engines in combination of advanced technologies.
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It is becoming inceasi

Divided Exhaust Period
Impreved use of blow-down energy

Srefan Gundmalm

gundmalmi@kth.se

Abstract
e final conswmption of vehicles both from an emvironmental point of

1
il

e and for the sake of and

consumen's fusl econcosy. Eagine performmance bas been ixproved over the years
vabm mckmalogy. In this project .-E-.Gmmﬂplﬂ_ﬁd
. The aim is to mdnce fesl commmption, rsidml g content and irsprmse trensient respomes

the use of free
be memarically simmlated on 2 vasiety of engine ty
whila ma:um:u.i.u.g corrent FGR (Fxhomet Gan Racirralation) rate

Yry means of many difforsnt ressarch arsas, whems one of Sese e
vided Fxhomst “'n.cd.-‘:iEP'l that wiilives free vabwe technology will

Background

Introducing a on an engine creates an exhaust back
pressure for the piston to work against during the exhaust stroke. As
3 way to reguce these pumping l0sses 3 second exhaust maniiold |5
introducad, that leads e exhausi gases past the Wrbne. The
standard two axhaust vales are each assigned to one of the two
maniioids, a5 can be seen In Figure 1. The vaives and manifiokd
connected fo the urting are denoted 35 e biow-down System, whike
the valvas and marifold that are bypassing the furbing are denated as
the scavenging system. The stralegy of ihe Divided Exhaust Perod
(DEP) concep Is to lat the Initial high enthalpy biow-down pulse run
the turbine, bul lead the exnaust gases Mrough the scavenging
gystem during fhe rest of the exhaust strokz. Since the piston hen
can expal the exhaust gas out of the cylinder against amosphesic
pressure Instead of the fUrbine Dack pressure, a redwelion in pumping
losses b5 achioved. This In fum laads to 3 potantial reduction in fusl

Exhaust
- Blowduwn
system
Intlaloo alr stavenging
systorm
Fig. 1 Engine sketch of the DEF concagt.

Method

The DEP concept wil be Infally ivestgaled fwough exiensive

rumerical smuiations win the akd of GT-Power, which Is a 10 coda

for engine simulations. Baseline models for the dfferent engines that
ane

il
gy
g
g

10 the baseline models. If fe nume
patential Improvements, the project can be exiended i Incoporate
real engine tests wilh 3 prototype DEP engine.

Results.

Fig. 2-3 shows results of DEP simulation on a Scania Eund HO-
Diesal engine running at 1400 mm and 1200 Nm.
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Fig. 3 PrEssUrE ¥3. VUM for the original and the DEP angine during
the gas exchange ogp for the s3me aad polr 35 ove.

Condlusions

Resufts from the numerical stedy of 3 Scanla Eurod engine shows a
subsiantial reduction of losseE which Causes a reduction in
fuedl consimption by up o 4.9 % depending on tomue and engine
speatd This 15 mainly due to fhe reduced pumping kosses, but The
DEP concept also offers the possibility to control the mass flow and
therefore also the pressure ratio over the turbine. This gives the
advantage of being able o keep the turbocharger In a high eMclency
operating made for a wide range of load and engine speeds.
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LES of Flow Duct Acoustics
For Turbocharger Applications

Emma Alenius
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Abstract
Turbockargers am nceasinghy med in Dtemal combustion sogne: md their acoustics is becoming an isue dos to Doessed
rotaticzal speeds and imprmeed moiss cantrol of other conponents. The chjective @it thiz project is to find CFD) tools approprize for
the study of the acoustic propartios of fhe torbochargar © compressar. Bath e ruflection and tranwmission of incoming Jow fogeancy
palsations from the cybinders and the sound penerxtion will be considarsd. To develop the msetheds, which are baved o Large Eddy
Sirealation (LES), a sineplified guometry consisting of 2 ducked orifice plats is used.

Background

Twbochargers are used In imemal combustion engines i Increase
the power output at 3 ghven engine size and to Improve the efcency.
They conslst of a tubine and a compressor. The turbine, which s
driven by the exhaust gases, drives the compressor thal compresses
the air gaing Into the cylnders. Today turbochangers ane used In most
modern desel engines and their use In gasdline engines Is
Increasing. Due to this and the trend to make smaller
with hilgher rotational speeds thelr acoustics is Decoming an kssue.
The acoustic properties of the turbocharger can be divided Into one
passive and one active part. The passive property s the damping
effecd the has on incoming low frequency pulses, whith
are generaled at the cylindess. The aclive property is e generation
of high frequency noise.
To Increase Mg u of the acoustics, with the aim of

the noise, i Is desiable to couple the acoustics o a detalled
shudy of the flow Inside the machine. This area ks dificull to access In
an experiment, while computations can provide detalled Information.
The objective s to find tools, Dmedmlageﬁuﬂystmlzmnﬂ_ES]
which are for the study of the acoustic properties of
mnmmr&mamnhmuhmmmm
the machine, how puises Inberact with this fliow and the
radiated noise and how R k5 comeliaied fo sound generating
mechanisms, Le. speciic flow phenomena.

Method
The study Is camied out throwugh compressible LES to fully caphure the
dynamics of the fiow and Bs coupllng o the acoustics simultaneously.
To develop the method a of 3 ducted
orffice piate, Is used. The fiow Mough this geomedry i believed o
have similar charactenstics as that thimugh 3 COMpressor, e.g. vorbex
generation, fow separation and shock waves at high Mach numibess.

Results:

Simulations hawe been perfomed for 2 2 cm thick omfice plate, with
an area contaction ratio of 036, placed In 3 square of 3 droular
duct. Here, the fiow fled In the drcular ducts Is shown for a mass
flow of 50 g/s. It can be observed that as the air Is forcad through
the orifice a3 et s fomed, oreating a reciculation zone behind e

plate, and vortex generation.

ing

Ing to these peaks
adsymmetric ring vorices and the smcture at 5150 Hz Is
shown below. The flow specirum aiso hias a find peak. This Is a

non-aadsymmetric fliow stiruchure, which does not generate sound.

peaks In the Now. The Niow siuchaes

Muwmmmummm

Flow struciure af 5150 Hz lso-surfaces

of pasiive and negathe radial velocky
The orfice plate paced 0 & duct.
The project ks dhided Into two parts. In the first part the passve
properties are studied using an acoustic two-port model, which uses
mmmup—mmummm clusions

compute the reflecion and fransmisskon of Incoming low

waves. Furthemore, the Interaction bebtwean one wave, the plaie and

the fiow will b studied In mone detall. In the second part the active

mmlmmmwm specific fiow phenomena
comeiation to the radiated nolse. The Sow stuclures

mmhmmmmmaem

withi Dyniamic Mode Decomposition (DkD).

LESsrmuueuapaue:t bath the acoustics and the
S0UNd generating Mow STUCtUrES Inside 3 rotating maching. The
smmgmnmmmmmmwmurm
ms&mnammmﬂmm
generation show that high sound levels are genemted at
fraquencies comesponding t0 axsymmatric Now sTUCHNes.
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Abstract
Fessarch and devalopment for higher sfficiency has led to angine dowssizing whaere the nse of exhamst gas diven terbochargen has corendy mised
the importance of trbocharger acowstics. The progressively tougher legislations on engime noise emissons bove mached te siage whan the
tarbockarper i critically focnsed on. Althemgh the fret axbanss-driven l:_'boc_.mz:: was introduced almost a centery agn the acomstical parfiormance
of thass devic ill 3 Siald whars ralavely litfls problishod inforrmbion s, During tis s project 3 tast Scility has boan developed bo perform the

acourtic chanarieriztion of furbochergers. The resubs for the woend transmesiision and -penenation in the urbockarzar: o presamted and x infimancs

of the oparating conditions of the wxit has been anahymed.

Background

The application of turbochargers 1o Intemal combustion engines has
Increased considerably and nowadays almost all the diesal engines
produced, togethar with the vast majorfty of modem high performiance
spark-ignition engines, numumargau According 10 this trend, the
acoustics of the Wrbo-chargers Is mmmmrlumlm
Despiie the fst exhausi-diven adlmast 3
mmq@mmmmmmnmmmm
there s sl rather few ressarch published on the acoustical
performance of these deviees.

KTH CCEEx turbochanger fest faciity.

The alWaYs CoNsiEts of 3 COmpressor which 16 nomally
mmmmmmmmwm

have an influence om how Me low frequency engine pulsatons
propagate In the gas exchange system. This I6 refamed o a5 the

mmmmamuﬂmﬂa@f In Wis swudy three

turbochangers analyzed Measurements  wens
paﬁnmdhdﬂhutnpaﬁjrgpﬂﬂmﬂtqhﬂnmm
and tubine maps.

management
develop accurate
the scafiering data for awtomodve
condiions selectable from the compressor and turbine chars. To
getermine sound transmission Me automolve trbocharger was
treated 35 an acousic two-port.

Agmtionaily 1o the measurements for the passive data, the taciity can
a0 be Implementsd to measure the sound gencration by the turba
urilt {thie aciive properties).

Resulis.

]

[*=]
a8
L]

T il on | o (0B
by b

TR 15 z s
Frequency [He) 10
Comparisan of 5ound presswe speciral densities befwean OPY (red
Ine) and OF3 [hite ine) in oufiet side of LTto-C0mpressarn

Conclusions

The level of the TL resulis In the low frequencles jup to He 0.2) ks
determined by the losses In the syslem and Increasas with the mass
fiow. In the middie an upward slope k5 cearty
recognisable. The angle of the skpe 5 determined by the inner
wolume of the unii and i tends o Increase when the vollme
Increases. I the high frequency range charactenstic peaks typically
appear. The peaks onginaie from the resonances In e system - for
axampie dus to the cavity Insids the waste gate actu=ios or due fo e
muitiple sound paths through the rotor blades.

SAF Intemavonal Joumnal of Engines, 4:2531-2542; dol- 104271/
20111-24-0221, Print IS5N: 1945-3336, August 2011.
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Pressure sensitive paint (PSP) &
for rotating components

Markus Pastuhoff
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Abstract

the problem of messuring pressure in high-speed rotational components (ie. IC-engine
ement technique chosen is SE0 ¥5P), an optical b
uminescent quenching by has been shown romising techmigque
resplved and acourate pressure measurements in unsteady

Background Results
The pressure disifioution on rotaling surtaces, 3 for Instance the | | A combined pressure and tempersture compuier confralled efamber
lurbc-charger compressor blades, 6 b1 practies impossibe fo | | for calbration of PSP has been designad The ehamber has besn
measure Using conventonal pressure ransiucers. A new method s tected With respect to temgersiure and presswre comrol The
needed I orer o be abie o map e pressure distioution In these | | temperature £3n be 2t to an aceuracy betier than 0.3°C.
anpllcatans In orwer 1 make detlied NVEsigatons of ristonal st | | ) 4o e ofrast responding PSP has first been staticafly caliorted In

and surge phenomena. 2 chamer and thereafler mun In 3 shock ibe In arder to find out e
Fast fypes of pressure sensive paint (PSP) show promise n dynamic pressUrE respofse of e pani The response tme
prowiding 3 salition 1o this Issue, a5 well 35 3 way of analyzing ofer (Iusrated i fgurs 3] s found o pe ol 0.3 me. A method o
engine related Intemal iows, such as puisating fiow In compiex pipe evallte the dynamic presse responee of e pant has been
ByEtems. nmmmaﬂﬁnmmmaam
at JAXA In Nowemer 2010 {both In Japan).

Method -
PSP 5 an optical technigue o measure SUMaCe prassure in ]
aerodynamic appilcations. It Is composad of sensol molecuies, of e
luminophares, embedded In an oxygen penmeabie binder. The :
luminophares are exciied by light of appropriate wavelengths and =
thinaughi The mechanlcs of photoluminescence, light Is emitied at lower 14
enefgies. The presence of cocppen reduces the quantum yield of he e
systam, relating air pressure and luminescent Inensty. The basic o
experimental setup |5 Ilustrated in figune 1. P
“I’,;-:l 'lll II'-I f‘--\. [V W in‘;'_ll-'un_;"llln T ]
. ;1:1' 'éo, l-“'\-c'cl-ul'l.-tl'\llerb.t! Figure 3. Ramp response from PC-PSP In shock fube showing
s fah = ’ Fhaeodicdz esimated pressue (—), Measured pressure () and comected
o Z"i < 'I\_,.,'" [pressUre(-).
= m'_,.,' The abowe-mentoned formula has been used o measure wall

PressUE Inside 3 y+unction at perodic pressure fuctuafons of
D, petween 40 and 80 Hz. An averaging phase locking technigue has
Fagure 1. Baskc expermental setup besn u=ed 0 Increase the 3 to nolse ratio of the fast
mmmmm;mumm:mmﬁms:ﬁm and e “"m peen * =
iraditional PSR I only able fo 1 pey S— nmm:;arlnmggmail&:mme!%ﬁnﬂn%
Hz range. One method of overcoming this ssue s by adding ceramic m:giﬂmnnglledn. g H
particies o the mix, decreasing the binder thickness while

mainiaining the: surface density of the lminoghores. This mixture s 3
fast type PSP called pOlyMENCaraMIC PESSUNE SENSHve paint (PC-

PSP ant Is lustraled In fique 2.
l'l"':i""i._ e s Uy
s, e C —
L Nl 042 087

qo.iln 3 |Ir~g ‘_ D“m'" Y e

“ ‘ ::t S A ot e

N - P 4 —_—

Medidmilaz: o Bide Additional information

2 Schematlc of comveniional PSP. Teknl 16 planned to 201172012
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Large Eddy Simulations

for understanding
Compressor Flow Instabilities

Jyothishkumar V., M. Mihaescu, L. Fuchs
mihai@mech.kth.se

Abstract

The centrifiggal compressor of an sutomotive torbocharger operates stable mder a certain range of mass-flows.
At low mass-flow rates, below a cermin limit, flow reversal ocours in the compressor wheel, which resnlts in
amplification of velocity and pressure fluctuations. Severe such flow instabiliies are affecting compressor
performance and indoce larpe loads on the blades under off-desipn comditioms. The aim of this sdy is o
understand the flow mechanicms leading to the surge condition in & cenirifogal compressor. A systematic sody
is carried out to stady the flow in a centrifugal compressor by using the Larzge Eddy Simmlation (LES) approach.

Background

Emission reguiaions for personal fransport wehicles are revised,
becoming sicter, al regular tme Imervals. One possibity to
mmmmmmmmmam

by Increases the
mumlnmmmmmmmam
eneqgy cutput when required. Compressors which can operate under
3 wide range of oparating condions are desired. The
of the compressor is Imited between the choke line (ab high mass-
fiows) and surge (at low mass-Nows). SWge ks an Insabity that
riggers a compiele breakdown In cOmgression, resultting In lamge
pressure fuctuations and provolking savere backniow.

Setup and Method

(w0 ported-shroud) of an
has been smulated using e LES
appmach. The compressor wheel mitation s handled by the siiding
mesh techrilque. Several operating conditions (Le. dfferent mass-ow
rates) at a constant miational speed of 64000 rpm hawe been
a5 piotted In Fig. 1. Experimental data obtained at Ualv. of

mmmmmumwm.

S

]
'l
a

L F Tl o L

= ! izt il |I::|.'E:"|z
Figure 1. Pressure ralios a5 calcuiEed for diTeren! mass iow rEfes
from ihe LES daia; with T 4000

Results
With decreasing the operating mass-fiow from the design condiion,

migrate from one biade

CoMmprassnr eMciency. It also Inducss |ange vbrations In biades.

a
Figure 2. Hem rl.E{st}'mmmmmuauumm
and OF-design (1) Cperating condmons Jet-like
STUCIES EXtNG the ShwT caviy 3t O-gesign conaition (ol

The effect of mtaing stall s local to e cOMpressor. However,
whan such Instahillies. evolve Ina ihe maore damaging surge, lame

associated with . The occumence of the surge phenomenon s a
funiction of the miational speed of the cenfifugal compressor and it
Is difficult io predict the onset of this phenomenon accurately. The
shrowd cavily Is @ passive fiow control device, which s thought o
Improwe the operation mnge of the

compressor. Under unsiable conditions (near fe surge line) high
walocity |et-lke structures exdt the shroud and Imeract with the
Incoming fiow, 35 shown In Fig. 2 {c). The present study will analyze
the dynamic changes Into the iow responsibie for iggering surge.

References
1] Jyothishkumar V., Mihaescu M., Semiiisch B., and Fuchs L.,
mmmwhamm Surge
Condition, 43rd AlAA Fluld Dynamics Conference and Exhibit, ALAS&
20132730, 2013.
2] Jyoihishkumar V., Semilisch B., Mihaescu M., Fuchs L and
Guitmark E., Inveshigation of the Surge Phencmena it a Centrifugal
Compressor using Large Eddy Smwation. ASME Paper, IMECE
201365301, 2013,
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Compressor Maps for
Real Engine Installations

]

Bertrand Kerres

KTH CCGEx

kerresi@kth.se

Ahbstract
This project aims at improving trbocharger compressor maps for installations n sutomotive engines, where the inlet
and outlet piping influence the compressor characteristics close fo the surge regime. Using the knowledge zained from
other imvestizations within the CCGEx Compressor off-Desizn project, as well as own compressor measurements, a
model] shall be set up o predict compressor behavior near the surge regime s 3 fimction of different inlet Feometries.

Background

Modem Intemal combuston engines are ofien equipped wih a
turbocharger In order to Increase the and reduce
friction losses. The turbocharger 15 usually not developed In-house,
bt supplled by an exiemal manufaciurer. When seleciing ard
Instaling a turbocharger on an enging, the tubochanger COMEessor
map Is an important basis for the dedision. It gives the
Increase over the fu 36 3 function of s speed
and mass fow. This map ks delermined by measwements oR 3 gas
stand by the turbocharger supplier. However, the gas stand does not
accurately simulate the on-engine behavior, since it
uses different Inket and outiet plping than ari engine Installation, as
well 35 steady Now. This has been shown io Influence the
charactenstics, espedaly In operating regimee at lower mass ows
[&g.|1|.[2]].ﬁ.mummngd and a moded in quantity the
difiefences In compressor behavior for diferent inlet geomsetries,
have, hawever, sofar not been obianed.

o« Deedon e

L Czret. EHEEnoy

Rotating Stall in Centrifugal Compressors
Centrifugal compressors In irbochangers are usually equipped with
vaneless dffusers. The maln advantages of vaneless difusers ae
3 wide operating range and low cost, both of which ane Important
factors for automotive fubochargers. For these compression

, three basic types of notEting stall have been described In
IJEIHLIE{E.Q.M].

type (3] dapends haavily on e inkt Sow fieid

"'ou

The CoD
mmmmqu]mmammmmn
the Competence Cenier fw Gas Exchange (CCGEX), Inwoing

mmammmmmmmm
well 35 Industry pariners. Starting from the working hypothesis that
the observed diference In compressor behawvior for different Inlet
gemmetriies near SWGE |5 3 result of the compressor flow, and mone
specifically compressor rmodating stal In this regime, the foliowing
cqmmesmnemnmm

Improve  the understanding of compressor flow In

«  Developiadopt methods for stall identcation
» Cuaniffy the upsiream pipe geomelry effects on the

CONM{NEEEN Map
Different methods are applied In order to achieve these objectives:
The fiow feid at e compressor Inlel as a result of the
geometry |6 evaluated using LDV and PV measurements. In onder io
unersiand the Tiows, fast fype pressure sensiive paint
measurements in the impeller, and lamge eddy simulation (LES) of the
whole compressor flow fleld are used. Furhermore, acoustc
measurements are depioyed i identify characieristic frequencies in
the fiow, which can help In classiying the stall phenomena according
b0 IRerasure.

Investigations

As part of the CoD project, the Investigations focus on the Influence
of the compressor Inlet geometry on the compressor behavior near
ihe suge operating ragime.

The irst Investigaions will focus on a fop-down approach: Diffenent
Iniet gecmetries are Installed upstream of the compressor, and the
spead lines, especially close o the sunge regime, ae maasursd.
This way, the way In which the compressor map changes can be
Identified.

M.Mmﬂlmmmatmm
Inlet for the diferent Iniet gaometries. The fiow Neld hers Infiences
the pocumence and charactenstics: of compressor instablities.
In 3 Iser siep, the resuits from thase studles, 3s wal as the
of compressor Instablliies geined wihin the CaD
project, will be usad to Fy to 54 up 3 model. The mod shouid
quantify the efect of the compressor Infet fiow on the compressor
map cioge 1o the surge regime. It should also be compatible with
engine dewelopment fools and processes with respect to avalable
Input data and computing effort.

Rsfe s
5] alinac, 1, ot sl "Mammerrant and unn-.;unup—-h'_ Eoagfres Tt Barsch o
Diflarmet Itabs Lis Confpewsons.”, RAR Tacheial Papar, 3001

| Gitzar, 1L = and Fokabing Stad Ir. n—-p— Thacretcsl Fompression Syeiam
= Joaprraal of Fagresring for Gas Torbinss sad Fowas, Wol ol (il 100-

gl
[adv.d "V Aralysia b Dwalg”, v Karmsas [nsts,

FRbiois Sl Garas, Babghem, 3005,
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Pulsating flow
in complex channels—
experiments

Athanasia Kalpakli

sissyi@mech.kth.se

Abstract
The air Sowing throegh the exhaust manifold of the memal consbestion segns to e inlat of the ferbocharger is highhy polsating aed ferbulant
Travallizg ed pipe sections the air szters the tarbine under the sffect of cenmifugel (from the acms curvetom), inety and viscous foroas
rewziting ina thros-dimansional, mos- spmmstic flow feld. Additionalby, vortical stuctuns 2o ormed due to the co-existencs of thess forces
which ckanga shape and bekaviour under a pulss pariod. Although this complex Bow fald is dirsctly connected to the inflow condiSons o the
terbocharger and modelling of such fiows conld insprows the efficency of the smgins, it 15 yet far from being understood

Background Impressions

The gas fiow In the exhaust sysiem of an intemal combusiian engine -
I quie complex due fo several complications such as complex
geometry (bends, |unctions), pulsadng flow, compressibllly, high
mmmmmmmmmlnmhummm
the flow to the furbine should be modelled & good model of the flow
Inta and In the exhaust manifold, as wel as o the turbing needs to ba
established. Numercal studies of such flow ByElems aremawve been
studlied within KTH COGEL

v E [ - &

i i Wnﬂrhmud:n lnmum Srmanawn Fa
E:q:lmmental TEB"IFIE]I..IE- B0 * g Send &t @ Deed sunber Das| u:# ok

Due to ihe high compiexty of fhe Now feld under study, diferent Airadtenits CONFOMAE 8 ahomt ok Bt
expenimental tEchniques need to be employed and tested In order to
fuly understand the diferent fiow phenomena under highly putsatiie
and furbalent congitions.,

Hot- and cold-wire anemomesry (HWAACKA) have been amployed In
order o oblain Information on the statkstcs of tha fiow wEh high time
resolution. For ihis purpose an in-house automatic fraversing
miechanism (depicted to the right). Laser Doppler Vislocimetry (LD
measurements have been supplemented for valldation purposes,
while Steregscopic Parfice Image Velocimedry (S-PIV) measurements
have been performed In order to oblaln simuRanscusly the thres

veloCRY companenis and capture e secondary mations In 3 ooss- y r
seciional field. o mum?mu—mﬂﬂuabm-
Addiional measurements using She vortex mass Tlow  meser, P et D

developed by Lawrantzon et al. [Meas Sl Technol 21:123001 {2010j], .
were performed In order to determime fthe phase-resolved turbine

when 3 shamp bend Is mounted at the Inlet of the turbine and
e fiow running ks highly pulsating.

s Pbilicatiom:
1] kg, *i.gf' Fe, Thirease, M. & Al PH, 2010 B gt i1 i it of £ st P Mgl i B dagrenas o e, KPP, Bapd 2730 2518,
[2] Haslzaels, &, i, e, T, M. & AFredaecn, PH. 2011 Pk el fow Broogh pee besds 6f Aph Des aod Wevoasy sombens, ETCTE, 12-03 Sapt 3001, Wirsiey, Poind

(3] Kl &, Ovi, e & Anessson, FH. 2001 Dt vartions in Arbaer foss-rookiog or oling? L Wi, dos 10,1000 285001 1-2108-§

[4] Kmlpaids, &, Ori, e & Anissson, FUH, 2001 Semoikis eid sail Auster afeck on byl pi o o @ 00 degres pios teas APS 30-37 Koy 2011, Balimars, US4

[5] Kaslzals, &, Oria, Fe & Alrssseon, FH. 2011 numwuwuhmmumwmww|

18] Kalpakil, A, Srig, f, Threar, 8. & A P, 2012 B P e o £ mek s - raik sebec i ol ingroeact el ¥

(R I i, Turlbeeh iger and Tuibo:haiging (|RechE), Way 1506 3012, Landsn, Engind




@Energimyndighefen

SLUTRAPPORT
CCGEX 2011-2013
ZDSJ.ZE)“ZZO 2DCr)]1[0-003209

Pressure sensitive paint (PSP) B
for rotating components

Markus Pastuhoff
markuspa@mech.kth.se

Abstract
This project aims at solving the problem of measuring pressure in ]'_|=:L--.:-'_~e‘ rotationsl components (ie. IC-engine

turbo-chargers). The measurement technique chosen is a
measuring pressure throuzh luminescent quenching by on

an optical techmique
PSP is a promising techmique
WS,

Background
The pressure distibution on rotating surfaces, as for Instance the
turbo-charger compressor Dlades, 15 In practice impossible fo
MESSUNE UsiNgG convenional pressure ransducers. & new method s
negded In order to be abie o map the pressure distribution In these
applicalions In order o make detalled Investigations of rdational stal

and surge phenomena.

Fasl fypes of pressure senshifve paint (PSP) show promise in
prowiding @ solution 1o this Issue, as well 35 a way of analyzing omer
engine related intemal fiows, such a5 puisating fow In comgpex pipe
syslems.

PSP |5 an optical technigue o measure sUTace pressure in
aamdynamic appil

luminophores ane exclied by light of appropriate wavelengths and
through The mechanics of photoleminescence, light s emified at lower
enefgies. The presence of coygen reduces the quantum yield of fe
system, relating air pressune and luminescent Inensy. The basic
experimental s2fup ks [lusirated In figure 1.

F
=lar j I'. i el T
o ! i L T

-|_5|'_|p-'f VoA ol ctaica
ramae Cash "éJ. -Il;_h'-sxmﬁ-;-:;;l-dhru.:r

mui?aaummumamsp.
Duss 1o the relatively siow difesion rate of cogpgen In the binder,
traditional PSP |s only able io resolve pressure fluchuations In the sub-
Hz range. One method of overcoming this issue ks by cer@amic
pantiches o the mix, efectively decreasing the binder thickness while
malnizining the surface density of the luminoghones. This mixture |5 3
Tast type PSP called pressune sensitive paint (PC-
PSP and is Iustrated in fiqure 2.
'."6*;
i
Loy J,.{, "
Crsgwn W, ]
qecr g™,
¥,

Wy ,

Dwmun

Results
A combined pressure and compuier controlled chamber
for calibration of PSP has been designed. The chamiber has been
tested With respect D tempersire and presswe control The
femperature can be 581 to an accuracy beter than 0L3°C.

A formuila of Tast responding PSP has irst been statically calibrated In
e chamiber and thereafter run in a shock tube In orer to find out The
dynamic pressure response of the painl The response time
mmnmmajmmmmmmumammm
evaluate the dynamic pressure response of the paint has been
and has been presented at ICFD 2010 and at a workshop
at JAXA In Movember 2010 (both in Japan).

L

-]

waf”

e :'n';"'ﬁ;"'_“l"n'"':'r'ﬁ S
= [
Figure 3. Ramp respanse from PG-PSP in shook fbe
estimated pressure (—), Measured Dressure () and comected
pressure(-).

showing 3 pressurz pul
branch) ks shown In figue 4.

" -‘."f?fl‘l‘r_l"r.'_m
- —
GAz CET

Figure 4. A pressure pivse enfering the: y-unciion
from the 45" branch.

Additional information
TeknL Is pﬂmed o 201172012

This the Swedish
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Abstract

Tha goal of this project is to develop imsproeed tochnigess for stadyving scabtoring of sownd amd sound genortion froms maing Eackings, o.g
terhe-chargar: or ducted fam in general. In particular, to axtend proviom work to kigh amplmds; 2=d the measerenant of the in-duct soumnd powe
produced by the maching, The sxperiment] work will boi combine advanced acomstic and fuid dynemic sxperimantal tools (o.g. FIVY. Pamallel
works inveli computational fnid dynamics (CFD) medaling with large eddy dmulation {LES) techmiqus. The afforts will b run o order 1o devalop
a mors in depth tndentandng of tha gunaration 2 well & i raflection mansmission of soend Smdiss of mois como] by surfices consisting of
micrr-parforated plates or compact mufflars. are alse plamed. The work is part of a Manis-Curie setwork on semo-acoustics mamed FlowAiS (seo

wwrw_fowmin su).

Rotating machines and
innovative noise control

Raimo Kabral

Background

Therefore, It Is imporiant fo put slmultanecus effort
Indo Me acoustical resaarch to maintain accepiable nolse evais.

The application of turbo-changers to Intemal comibwstion (IC) engines
has Increased considerably .. nowadays almost all the diesel
engines and the vast majorfty of modem spark-gnition engines are

Hence, the acoustics of the turboc-chargess has

consists of @ compressor which 16 driven

Generaly, the turbo-charger
mmmmmmMEmmmm

the propagating acoustic ow Trequency pulisations In the gas
exchange sysiem of e IC engine. This Is refermed 1o as the passive
acoustic property of the turbochanger. Also, there IS an active acoustic
property Le. an additional sound generation.

Investigation

The tubo-charger acousic chamacierization facity has previocusty
been established at e research compebence centre of gas exchange
{CCGEx) at KTH In Sinckholm, see www_ccgen kit .se. The Taclity will
be used ip obtEin a complete acoustical characterzadion of a
furbo-chamer Le. fo determing accurate acoustical scafienng data
{passive property) and sowrce data (actve property) at reallstic
operating condfions. These condiions are including the high
gradients of pressure, tempersture and fiow velodty Le | Is a
challenging measunament task. In order to Improve the overall qualty
of the measurements and expand the possiie measuement range
the acoustic excitation needed for passive acoustic

will be extended o the higher levels. In addifion, recently developed
new accirale measurement models of the acoustic power produced
Iry the machine will be employed.

KTH CCGEY turhocharger test oy,

Parallel to e experimental work, the computational ruuumamm
modeling, Wil the lamge eddy simulation
mmmmmmmmmlmu
expeacted to develop MO In depth understand of the scaltaring and
generafion of sound.

The stufies will also focus on innovative acoustic materas e.qg.
mmmmﬁammmmﬂm
freated as a polentlal sound for furtao-changer

appications.
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Nonlinear Acoustic Properties
Of An In-Duct Orifice

Lin Zhou
KTH CCCEx ﬁ”‘fﬁﬂu@m.se
Abstract
This projuct exparizentlhy mrsctimes the acouste propartcs of an arifics with bias flowr under modine and high wound levwe] sxcistion. The fat
mcinded no hiss flowr and teo bins spesds for three different froqgeencies. Fxparimentl resnls are companed and disceswed with theory: T is. shows

_.Jl:'hla £c :nl:a dm:la.l.:»..]:l:\apu:u: mhmucqmcmdm and with the mo bias fow cass, sspecially when wlocity retio

]
mﬂmﬂmmﬁﬂmw@m
acousHs panicie velogty and mean fow veloalty

B
Acoustic nonlineanty with bias fiow
The purpase of the project Is to make a detaled experimental shady of ARRARARR 0 12
the transition betwean the cases when high level noniinear acoustic L. bar §om| 4 e N
mmmmmmmﬁg&nnma&e e x i wit A .
when bias flow ks most mponant This |s to It high level | O -
acoustic excitation causes Now reversal In the orfice or If the blas Nlow ) .
maintzins the fiow dinaction. Acoustic properties, such as Impedance, -,
Fayieigh conductvity and absorpiion coeMdent ane discussed. 5 = = o o ——
W,
Method Steady pressure aiference and resisiance 35 3 fmction of &t

The test object was an omice piate wih 3mm thickness and 6mm between acousic and mean flow
hadie diameder. The ofice plate was mounied In a rigkd e with a N
iameter of 40mm. Pure tone presslie was used and we used - Conclusions
microphone metod to identify the sound wave components on each Blas flow makes the acoustc of the orfice much mare
side. Two bias Now cases and fhres Trequences were taken into Compiex. Three regions were In fems of he raik between
consideration. Theonstically hamonic balance method was used o acouslc particie veloclly and mean fiow velocly Deing. (1) smaller
analyze the madel based on e CUMMIngS equation. than unity, [llliﬂllll-llrmd[l:llaﬂﬂm unity. For region |

i there wats 3 decrease In eekstance and 3 vanation In reactance with
. Cursmings oquarion: <22 Ao s R ety ratio. in region B bosh pars of e Impedancs had 3 minimum.

—i i *_'.—Pl— Increase and then approached a constant value. The sleady pressune
'I'l"‘ f_‘ .-I:-,_P." difference ower the office nefther keeps consiant nor Increases o
_ - - much 35 when the mean fiow velochy Keeps constant. High ievel
Experimental configuation acoustic excitation causes the decreasing of e mean fow velocty
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Detailed modeling of single
& double turbines

Johan Fidliman
Jjohanf@mech.kth.se
b
KTH CCGEx Absiract
Az the snmivsion legislation is geiting toezhor and tougher for car mamischorers in Exrope and in othar part of the world _.:na-ad:ﬁcl::-mm: and more
ﬁ.-;nrm.._.: n..an.l:msw: a-fd.na.l.u.-r.-.'rd:.d:nqm.l aion problam is doensiving the sngine:; 2 wmller engine hes ks geometrical lowes e

Eictional Jousss. Cne sffective way of downsizing m engine i o give it s tebocharge. A & 'tﬂ:.ararmamhm sfEiciancy and powsr
output withost increasing e ful consuneption or emissions & mech.

Background
Turbo-charging (TC) ks essentlal Tor enabiing down-sizing and Tor
enabling emission reduction while maini@ining o enhancing Results
combustion efciency. The enesgy In the hot exhaust gases can be For he bended pipe iow SIMuiations compansons Nave been made
mmnmnmmammmnmm between LES and experiments [PV and HWAL
pombustion chambear Hzr ol ooy proll: a1 okl

=FK
= Enwlalizn Frm

* Enudabon Cuees
"

QR . €L £ na 1 15

HWA oo agreement Is seen. HWA-Oata courTesy of Sohmb
Satiarzaeh, mmmﬂmyurmm

mmmmmzmmmmm
bend Bath dean vortices can be sean and scalar ievels are
quanitafively sknilar to those of he P

Conclusions
For the bended pipe good agreement betwesn messurements and
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EGR-Systems
for Diesel Engines

Simon Reifarth

reifarth@kih.se

Abstract

5 am important b & '-"ar_ud:l_'l.!" TITo gumant E_-lu\:-::\.m'bu thiom Comcapts mry mead largs ansounts of E

Background

To comply with futurs emission kegisiation, engine mamTacurers wil
have tn reduce the emissions of e angines dramatically. Cne way i
achieve this s e use of afier reaiment devices; the olther s to
reduce the formation of emissions during combustion. EGR 15 a
prowen method for reducing MOy formation by decreasing the local
temperabure during comipusTon. The extensive use of EGR leads 1o a
reduced engine efficiency. The 5Cope of this project |s to Snd sysiems
wiih a good EGR-pesformance, thus dellvering the: desined amount of
EGR, while malntaining e effcency of the engine at a high level.

Method

Two iest engines, 3 passenger car diesel and a heavy duty desel,
have been run on steady state load polnts containing full load a5 wel
as emisslon cyce relevant points. Comespondng GT-Fower models
have been callbrabed o maich the measured data. The passenger car
ENQine Was even mun In anskent and the model calibrated to the
engine behawiour.

For e analysis of EGR-distribation from cylinder to cylinder, a fast
four-channel C©O; analyser s used as well 35 standard CO; analysers.

The callbrsied GT-Power models are then used to analyse the
performance of difierent EGR sysiems. Figure 1 shows some of the
Eystems that have been analyzed In this project.

c)

Fig 1: 3) Hybnd EGR-system, b) Driven Pump in long-route (LR,
) Reed valve in short-moute [SR), with: 1. EGR-coaler, 2 infercooler,
3.0PF, 4. Throtte / Vaive, 5. Pump, 6. Reed vale

Results
Figure 2 shows 3 comparison of the brake eMdancy achioved on a
passenger car desal engine for the different systems shown In
Figure 1.

105 1 OERELRO [u] (==

0z 1 T T T T T T
1 2 3 4 5 B T B 9
ILieaed Podnt
Fig. 2 Normaitzed brake eficlency for diferent EGR-systems
Figure 2 snows the Ioad step of the engine when run with
different distributions of the EGR betwean the long-mute and e
snort-oute path In the hybd system.
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Conclusions
This part of the project showed that a hybrd EGR system has

aﬂpedhﬂ-repm}eﬁaﬂ sudy about EGR-dsiribution ks
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EGR Mixing

Alexander Sakowitz

sakowiz@mech.kth.se

KTH CCGEx Abstract

exhaust gas recirculation (EGE). Ome of the practical problems when applying EGR is the non-uniformity of

e - Badcaru-l;:’ it e Scania manifold

Emission legisiation has Decome more and mare throughout Computations on 3 E-cylinder Diesel engine manioid provided by
a5t decades. This Is problematic: for engine manufactiurers, who have || | Scania were performed applying RANS and LES. In this first shity
o Introduce new techniques In oider to comply with these requiations. generic boundary condihons were applled with both stalionary and
Most problematic for Diesal engines are the NOx emisslons. NOx s puisating EGR flow.

formed at high comiestion temperatures. One way i reduce the peak ‘Some reésults are liustrated In the follo

combustion Is i lower the axygen concentration of the

combustion gas. This Is done by EGR. A porfion of the exhaust gases
I5 reciculated and mixed with the Infake ar.

) Engine
Mligire

Air

— —

Extiausi

sfa]a]s]

EGR warking principie.

The lssue that this project Is adressing s tha mbdure non-uniformity of
the exhaust geses and Me Intake air, which has shown o have

niegalive effects on the engine and emission performance.

Method
Since the distibution of EGR k5 dicult to measure, the alm of the

oz
InsEntansous concantrstion, top: statonary EGR fow,
baofiom pulsating EGR flow
Instantanepus conceniration diferences of up to 10 % are found In
e fiow Into the cylinders. Puisations are important for e mixure

fonmations. and are taveling down the Tairy far downsream without
being oifesed.

Condusions
The stutiies on he engine mantiolkd show that the eflect of pulsating
boundary conditions 5 imporiant Moreower, i has been found that
e smoothing effect of URANS does not seem & be adequate for
ming computations for cases, where turbuience s

accurate

goweming the mixng.

Future will therefore foous on LES computations wiih
conditions from GT-Power andtor 1

The results summanzed here have been presented In the lcentiaie

fhesls ‘On the computafion of Twrbulent Miking Processes with

application o EGR In IC-engines Including the two conference

anticies:

LES of the turbulent midng process In a THunciion with statonary

and putsating Infiow condifions’, presenied at ISAIF1D, and

‘Computation of miing processes related to EGR, presenied at

TSFPT.
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Flow in exhaust
valve ports and manifolds

Olle Bodin
bodin@mech.kih.se

Abstract

possibility to mprove e sfcincy
pet of the g exchamgs systes by

i -a..-l.J__'.:l:.JJ mr_“tu'mcl,'[\. smgings foaled by Inydmoarbon compommds b hean med for more than 100 years Eocw:n.d.m?:\mn:n. Drazing :h:-
dacads. fto arviromental s spects of IC emgines heve become a major political :.ndm...ard:m Foll
10, OOy and mxburmed Irydrocarboms (UTHC) rom IC angings have bean mednced m;&a':'hh‘.‘.'m. thiars
e firthar reducing emissicns of polietus. This project aims af mosesing understmding of e gas Sow in the axkomst
computational methnds. The fioer is shrem bo exbdbit stromg unseady et et meny: affoct the eficency of the gas

axchange fystem.

Background
‘Thhsa: Traimmm of IC angines nsod in passemger cIrs is no mom
tham 4% and considemsbly e, tham thert indar part load conditioms:. Cne
Wy tn inymovs angine affickncy i to wtiline the enargy of the exkomst
mhmhmmmnb}'mnﬂ 1 newr
lwpmt;rmhpmmbqumhmhhrqnﬂy
increasing miwret m aficisnt Mlzm.gmu ol o ot the
use of twrbe technology will b d Thse fow in the
dﬂpﬂhﬂmmmhﬂmmhm
and thewtry the efficioncy of the furbocharging systum. This penject 2ims at
increasing: of the fow in the exiemst port and manifnld with
Tespect in Insteadingss, the generation of lrgs smle flow smechmes amd
penoration of floo lowas.

Method
T flowr m thews: engme d Tty
mdimk'bulhﬂn}'ldk hmglﬂn-n-&hhm -dL-:pEdﬂgr
Results
[

&

GaNerAnon of SITTCIUTeS 3t
the valve body wisuaiized by
e A CrTenon

Resuits

T pressm me

in .
=i 1 v
Bt rdesm
& dver rrulrios
=t
==ty e
== b WL

L [ [ J0 1]
Finam Ao o

COmMpantson of axpanmental and compuTatanal msuls

Conclusions
'nnnuu'-u--h-upm-i_iﬁua.am.uhmm

Thesa

s RANE and, in ondar o p#ﬂmhmd

Large 5cale VIITCes in the
POT dOWTISTRAM of The
vahe

?ﬂﬁnmmmmmhnﬂ Az realt of the
moreasing dezmnds of efficiancy, desimm of fiirs gan axhangs compozsnts
il noed 1 account fior the sheady fSatere of the flow in an scoume Wy
amd ths nso LES a5 a tool in the daxign process alesevide nith RANS.
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Analyzing Flow Losses in the
Exhaust Port of an Internal
Combustion Engine

Yue Wang
yue@mech.kih.se

Abstract
About 30-40% of the energy potential is lost in the exhanst gases after combustion in an Intemal Cormbus tion
(IC) enzine. The exhaust zases are bot and therefore nich of enerpy, which can be reoupersted i 8 trbocharger
or a Stirffing enFme to mcrease engme efficiency. The exhanst port of 3 tock engme fome the mterface between
the IC engine and the enerzy-recovermg device. Hence, energy losses are hizhhy unwanted in this section of the
engine. MNumerical simmnlations are performed to enhance the understanding for the generation of flow ass ociated
loses and to establish proundwork for forther one-dimensional flow modelng nsed b enpme design

Background

One-dmensional I engine analysis utllzes databases and operation
mape Tor the individual , 35 £.g. bent pipes, COMPressors
Or burbines.. rrea:rnmtpmmmuemaslsmmm fo be
approximated from a database. Enengy |5 lost In the exhaust port,
elher direcily or through Tormation of Tlow struciures that enhance
ussmmmnmm the exhaust port ks modeled by expermentaly

coefficients, which are obiained by measure-
mmmmmemmmm Using these valses
foran arbdrary valve motion, the iotal pressure loss Is approximated.
How ever, higher press may pcour wihan the flow chokes.
Hence, this procedure lead toremariable ermors, when the fiow
bursts through the port at small valve Ifts. The numesical simulations
performed w i this project Busirats ihe importance of accounting that
effect

Setup and Method

The exhaust port geomedry of an IC heavy-duty Diesel engine, the
D12 from Scanla, has been used In the Investigations. Large Endy
Samuiations [LES) of the governing equations Tor compressbie Tiow
have been camied out using the commercial finfte-volume solver
STAR CCh+. The implied differences due iothe cholce of method for
simuiating the exhaust process froman cylinder are assessed.
Thus, EiMple cases using Thied positons for valve and piston are

An lustrative realization of the Tow -Tield Is show nin Fg. 1. The near
valve region Is a major source of losses. Due to the presence of the
valve, an annuiar, w here the high-veinciy Tiow Tolow's the valve stem
Intzy the part. Fiow separation occurs immetiadely dow nsiream of the
valve seat on the wals of the port and on the surface of the valve
body. Strong longiudinal, non-siationary secondary flow sinctures
{L.&. In the piane nonmal o the main Tiow drecton) are cbserved Inthe
exhaust manifold Such structures can degrade the efficiency of a
turiine of a rbocharger incated dow nstream on the exhaiest
manifold. The secondary Tlow motion nduces shear sresses at the
w all, w hich are a source af os5es. High peak values In the
w all shear siress are observed, where the high velocy Tiow Impinges
the port w alls and the valves (see Fig. 2).
LES simuiafions and Unsieady Reynoids Averaged Mavier-Stokes
{URANS) have been carmied out Due 1o the dissipative nature of the
URANS approach & the separation of the annular jet over predicted
and too high losses are estimated. Thus, the flow evolves
diferent and the peak losses are predicted in different regions.

= 3 « p
| BN ]
Flgure 1. The velociy magnifude confaurs are shawn for &
particufar vaive M.

A comparison betw een the of the vave ata
Theed location using 3 mass-Tiow to resemble the pision, simulating
the piston motion and kesping the vave Tied, and simulie the
mowing valve and the motion of piston have been parformed. | has
been Tound that the Tiow -Tield is predicted at oo high velociies by
modeling the vake at a constant I For the static case (Ted vailve
and modaled piston) the fiow chokes, while the Mach-number sEys
Tor the moving valve and moving piston in a regime below 0L7 at the
Game vaive . The distribution of iotal pressure for these two ca6es
show s 3 slmlar shape, but the amplisdes are distinct Separation
bubbles Torm more cleary in the case of Tiked valve Thoed piston
thian for the moving case.

L

.J- L = » Co——
Figure 2 Wall-shear siresses In fhe exhaust part indlcafing ihe
friction losses.

Additional information

This project ks supported by the Chinese Scholarship Councll. PhD
defense s planned in Dec. 2013,
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A the emission legilation i getting tonghar and trogher for car permrfsctimers in Frmops and in. othar parts of the world the need for nowar and mors
afficiont sngimes has Hsen . In-cyimder flow mmeobves diffarent scales and stmcimes a5 well as movng peomsstrios and mvtabonery bonndery
conditions. Additiemally, m-cylmder flow has a profomd effect on engne emivcomns and ol comemption. Therefor, mnderstmding geseration of
thess stuctmes and the affect of compression is eussetis] for reducing engme amisdoms.

In-cylinder flow

Martin Sdder

martins@mech.kth.se

Background

In-cyllnder flow can be divided Info several distinct phases. The fiow
enters the cyiinder duning the intake phase, forming an unsieady
hollow [et aound the valves. The unsteady |et creates a very
turtisient In-cylinder fiow fleid effeciively mixing residual gases with
fresh air. The Incoming |et 16 also responsiole for creating the lage
sCale structures, swin and fumble. During late part of Intake and eany
compression Me smal scale furbulence seffes while large scale
struciures remain.
Dwring the second hall of the compression any remaining trbulence:
wil b2 ampiffied. In addion, swil and umbie are afect by the
::mngnggamm:r Generally, swill anguiar momentum ks assumed

sunive compression while wmble momentum s know o
:lEalmm I e plsion and cylinder head |s designed o produce
squish (Pressing fiow INwards by a rapid reduction of volume close to
the cylinder walls), this will produce an omganized motion craating
turience and have dynamical efect on swin and tumble. During
combustion (and definitely from 3 Dlesel spray) turbulence il
Increase and affiect the large scale motions. During the power stoke
turwiience |5 sharply suppressed and at Boliom Dead Center (BDC)
most of it has seftied.

Focus of this project 16 fo UNderstand the creation and evolution of
e scale struchures and frbulence from the IntEke up to sant of
Injection. In addtion, Identy which parameters can be adusted io
ot desined fiow fd.

Results, Swirl test rig
between LES simulatons and PIV expenments show
qualiatvely good It 15 shown that at low vaive Ims the
fluctuations In swir §5 greater than the maan swin number. In-cylinger
furbulence created during Intake ks assymmetanc with one dominant

[T R

3 mwwmuww

mmnmm Emmmm

Method
mmmmnmmmmamhﬂm
mammmmmmmmmm
the effect on spaciic parameters. Thersfre, Lame Eody Simulatons
{LES) has baen chosen a5 the main method in this project

Initialty, flow siructures created during Intake were siudied using LES

Swirl Test rig Simpifed engine and Initial fow Neid

Results, Compression swiringtumbling flow

It Is found that vortichy-dilatation |s responsible for redirecting flow
dnetic energy Introcucad by the piston nto small scale tubulence.
The comversion i most rapid aound the time of maximum dilaation.

I ke s 4 2T ¥k s e Bl KR B

LA péane voricty magnitude, 3t aierEnd crank angies




	Slutrapport
	Sammanfattning
	Summary
	Inledning
	Vision
	Syfte
	Mål
	Forskningskompetenser
	Organisation

	Huvudresultat
	Examina
	Måluppfyllelse
	Effekter i samhället

	Genomförande
	Ekonomisammanställning
	Bilaga 1 Specifik måluppfyllese samt kommentarer
	Bilaga 2 Examina
	Bilaga 3 Publikationslista
	Bilaga 4 Projekt ”posters”

