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Misija

Latvijas Universiites Fizikas institta (LU FI) misija ir iedibirata
vesturiski: ziratniskie @Etijumi magretiskag hidrodinamik (MHD) un ar to
saisitas ziratnes nozas un ar to saigtl pielietojumu realizSana un ar
jauno spedailistu sagatavoSanu &gjziratnes nozass. LUFI darbojas
kopejies Latvijas Universiites misijas kontekst

Latvijas Universitates Fizikas institata isa vésture.

LU FI atrodas SalaspjlMiera iek 32. dibirats 1946.9. k Latvijas PSR ZA Fizikas un
matenatikas institits, no 1950.gada Latvijas ZA Fizikas inst#, Latvijas Universittes
Fizikas institits kops 1997.

Direktori: 1946-1948 N.Bizma ; 1948-1967 I.Kirko; 1967-1991 J.Mihailovs;
1992-1993 I.Brsons; 1994-1997 O.Lielausis; 1998-2000 A.tail

Kops 2001.g. direktors ir J.E.Freibergs. #mskas padomes priek&detajs A.Gailitis.

Akademiskais persoils paslaik ir 48 (asistentigmieki un vadosie gnieki), no tiem 6
habilitétie dokt., 35 doktori.

2006. gada 1. maijLU Fizikas institits atbilstoSi Likumam par zitnisko
darkibu tika reorganis par LU genfiru.
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LU FI darbibas 2009.gada pamanki ir sekojosi:

— Uzturet LU FI ka vadoSo ptnieabas centru magtiskaja hidrodinamik un ar to
saisttas ziratnés gan Latvig, gan Eirop un izveidot LU FI par aitu petnieabas
iestdi Pasaules zitniskag telpa.

— Uzlabot sadaiibu ar LU Fizikas un mateitikas fakultti zinatne un jauno
specilistu audziasara un ar ar radnietgam fakulatem RTU.

— Pastiprirat sadaribu ararzemju ziratniekiem jo sevigi ar Francijas zigtniekiem,
ka aff ar Vacijas, Lielbrignijas un Nderlandes ziitniekiem. Veiksrigi uzsikta
sadarfba ar Indijas zinatniekiem

— Turpinat striadat pie Ampéra iniciativasprojekta realizSanas.

Atbilsttba prioritarajiem virzieniem.

Materi alzinatne (nanotehnolgijas funkcioralo materilu iegiSanai un jaunas paaudzes
kompoztmaterali);

Energetika — videi draudrgyi atjaunojaras enegijas veidi, enetijas piedides drofha un
enegijas efekiva izmantoSana.

LietiSko petijumu virzieni: skidro metlu tehnol@ijas jaunas paaudzes kodolreaktoriem
un kodolsingzes reaktoriem (engjas razoSanas un pigdes drotba); MHD saules
enegijas @rveidojs (videi draudmi atjaunojams enegijas veidi); MHD tehnolgiju
izmantoSana jauna veida raletsakaugjumu iegiSanai (matefizinatne); magatiskie
Skidrumi, magRtiska lauka izmantoSana nanai&r vadSanai, maggtisko pagdibu un
kapilaro pagidibu mijiedarfiba (nanotehnolgjas funkciorilo materélu un iefi¢u
legiSanai); starpnozarlefljumi — magitiski vadimu nanoieicu izmantoSana
biomediana.

Latvijas Universilites dibirita Latvijas Universittes a&enfira ,Latvijas Universiites
Fizikas instifits”; 17.03.2006.9. Latvijas Universies Seata lemums Nr.177
Registréts LR VID ar kodu LV90002112199; gestrets NodoRu maké&taju registra ar
kodu 90002112199

LR IZM Zinatniskas institicijas registracijas aplietba Nr.551021
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LU Fizikas instifita strukfira

Zinatniska padome Zurnals:
Priekssedetajs Magnetohydrodynamics
Dr.phys. A.Gailitis Galv. redaktors

Dr.hab.phys. A.Cebers

Direktors
Dr.phys. Janis Freibergs

4 N
Zin atniski pétnieciskas Administr acija un
laboratorijas apkalpojosSais persoils
T — 0
Fizikalas hidromehanikas / \
laboratorija Direktora vietnieks
Vaditajs Dr.phys. E.Platacis ) Dr.phys.A.Gailitis
%i|tuma un masas Iﬁrnese? Direktora palidze M.Broka
laboratorija
\__Vaditais Dr.hab.phvs. E.Blims )
e
MHD tehnologijas
laboratorija \ /
Vaditajs A.Bojaréviés
N\ Y
- — =) e _
MHD masinu teorijas Gramatvediba
laboratorija
Vaditajs Dr.phys. A.Sisko ) L Galvenma gramatvede A.Volkova
T N e
Teorétiskas fizikas Persorialdala
laboratorija
Vaditajs Dr.phys. A.Gailitis L.Komarova
Y \ Y
. _ I\ 4 ¢ _.-
Elektrovirpu Iplasmu Energetikas un
laboratorija saimniedbas dienests
Vaditajs. Dr.phys. J.Freibergs ) S Galv. elektrikis J.Mazers
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LU Fl ir 6 zin atniskas struktarvienibas:
Fizikalas hidromehnikas lab. (vad. E.Platacis), Siltuma un masasgses lab.
(E.Blams), MHD tehnolgijas lab. (A.Bojagvi¢s), MHD ma¥nu teorijas lab. (A.Sisko),
Elektrovirpuplasmu lab. (J.Freibergs), Tetiskas fizikas lab. (A.Gaitis).

Direkcija

Gramatvedba

Eneigetikas un saimnigabas dienests

Vidgjais ziratniska persoala skaits 44,02006 gad PLE izteiksnd
Vidgjais ziratnisko darbinieku skaits74,02006 gad PLE izteiksnd

Talrunis 67944700
Fakss 67901214
E-pasts fizinst@sal.lv
Internets http://ipul.lv
Direktors Dr.fiz. J anis Freibergs
Talrunis 67944700
Fakss 67901214
E-pasts jf@sal.lv
Direktora vietnieks Dr.fiz. A.Gailttis
Talrunis 67945821
e-pasts gailitis@sal.lv
Direktora palidze Maija Broka
Talrunis 67944700
Fakss 67901214
E-pasts mbroka@sal.lv
Atrodas Salaspii, Miera ieh 32
Pasta adrese Miera iek 32, Salaspils-1, LV-2169
Sadarhibas fakultates Fizikas un mategtikas fakultite
Akademiska persorala skaits | 60
(asist., @tn., v.pétn., .) uz 01.01.2009,
tsk.:
doktori | 36
habilit etie doktori | 6

KopsS 1965. gada LU Fl izdod starptautisku ZluriMagretiska hidrodinamika™
(tagad anty valodi ,MagnetoHydroDynamics”, izik 4 reizes gadl galvenais redaktors
A.Cebers).

LU FI organiz regubras starptautiskas MHD konferences.

Magneto-
Iﬂydro-
D ynamics
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Zinatniska padome

Zinatniskas padomes priekSadétajs Dr.phys. A. Gaitis

Dr.hab.phys. E.Blims
Magistrs Andris Bojar évi¢s
Dr.phys. I. Bucenieks
Dr.phys. L. Buligins
Dr.hab.phys. A.Cebers
Dr.phys. J.E.Freibergs
Dr.phys. A.Gailitis
Dr.hab.phys. J.Gelfdits
Dr.phys. A.Mezulis
Dr.hab.phys. O. Lielausis
Dr.phys. I. Grants
Dr.phys. E. Platacis

Dr.phys. M. Zake
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LUFI zin atniskas petniecibas apaksvirzieni
| apaksvirziens
Zinatniskas pEtniedbas apaksvirziens, Kut.UFI ir vadoSo instiiciju vida pasau:

Skidru metalu magnetohidrodinamika un hidrodinamika, fundamentalie un
pielietojumie pétyjumi.

VadosSais persoéls:
Dr.Phys. 1.Bucenieks, J.Freibergs, A.@&l [.Grants, A.Kukins, O.Lielausis;
E.Platacis; I.Platnieks; A.SiSko, VI.Kremexkis

Il apaksvirziens
Magnétisko nanokoladu fizika

VadoSais persoals:
Dr.hab.phys. E.BIms, Dr.phys. A. Mezulis, M. Majorovs, G.Ktkalns.

Il apaksvirziens
DegSanas procesu dinamikas ifpe.

VadosSais persosals:
Vad. @tn. Dr. phys. M.Zke, Dr. sci. Ing. I.Barmina, Dr.sci.ing. A.Meijere
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Latvijas Universitates ggenturas
.Latvijas Universit ates Fizikas institits”
darba plans 2009.gadam

Sis darba pins ir Latvijas Universittes (LU) un Latvijas Univerdites Fizikas institta
(LU FI) Parvaldesiguma pielikums.

LU FI veic savu darbibu saskaa ar savu Nolikumu, Parvaldes igumu un savu
vidéja termina strategiju.
LU FI nodroSina savudbniecisko dartbu un publisko pakalpojumu sniegSanu atbilstoSi
zinatnieku etikas kodeksam, starptautiski #tem labas prakses paraugiem un LU FI

iek&jiem normaiviem dokumentiem, atleadi nodroSinot savas dalias attietgos
kvalitativos iaditajus un céot institita prestizu kopum

LU FI nodroSina ar 04.08.2008. Ministru Kabineta naeikumiem Nr. 623 “Bazes
finansejuma pieskirSanas kartiba valsts ziratniskajam institicijam un valsts
augstskolu ziratniskajiem instititiem” noteiktos zinatnisko instititu novert éSanas
raditajus tada mera, lai integretais nowert jums par 2009.gadu nav maaks par 10.

LU FI 2009.gadam noteiktie kvalitate un kvantitatvie raditaji atspoguoti nakoSap
tabub.

2009.gada
Zinatnisko fEtijjumu tematisks jomas, kuis instititam ks 4
nozZimiga loma, saska ar stratgiju
Zinatniska persoila atfstibas &ditaji (skaita pieaugums 19
pret iepriek&jo gadu, % ) °
Finangjuma atistibas &ditaji (apjoma pieaugums pret 159
iepriek&jo gadu, %) °
Sagatavoto zitnisko publilaciju skaits 60
SCI publikacijas
(publikacijas izdevumos, kas tiek reégr 30
starptautiski pieejaas datu Bzes)
tai skaifi: Pu_bllkaqjas starptautiski recestos, LZP 19
atzitos izdevumos
Publikacijas citos ziatniskajos izdevumos 8
Popukrzinatniski raksti 3
Konferer®u tezes 10
Sagatavoto un piaeato studiju kursu skaits 2
Sagatavotie laboratorijas darbu komplekti 2
Doktorantiem, mgistrantiem un bakalauriem pigdto 6
darba vietu un/vaigijumu €mu skaits
Starptautisks atparstambas Editaji 6
(starptautiski noimigi projekti vai paskumi kofa)
Eiropas Savieibas.6 un 7.ietvara projektu skaits 5
Valsts tijjumu programmu projektu skaits 2
LZP finangtie sadaribas projekiti 3
Latvijas Ziraitnes padomes fina&t® projektu skaits 4
Registreto un uztugto patentu skaits 1
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LU FI nodroSina institta darlibas neprtraukiibu, balstoties uz ies@mo risku
apziraSanu sekojas sadis, bet joipasSu @ribu pieErSot persoala atjauniasanai un
darbinieku kvalifikicijas paaugstiasanai (ciheku kapi@la riski), finansu disciphas un
likumibas ieeroSanai (finanSu un juridiskie riski), akai kvalitaiivai publisko
pakalpojumu sniegSanai (da@hs riski). Daribas risku prvaldiSanai LU Fl atspodo
ricibas péna.

Finansu
riski

LU FI nodroSina risku identifgSanu un to frvaldibu saskaa ar sekojoSu darbagviu.

Risks

Cilveku
kapitala riski
Juridiskie
risla
Dabas
notikumu ris ki
Darbibas

riski
Politiskie
rislki

Tehnologiskie

riski

Kartas Darlibas raksturojums Izpildes temsSivai

Nr. pagikuma biezums

1. Darba grupas izveide riska faktoru identi§ianai | 2. kvartls
un nowrteSanai LU FlI

2. LU FI riska arvaldibas politikas dokumenta 2. kvartls
izstrade

3. Paskumu pkna izstade riska faktoru 2 .kvartls
mazirasanai

4. LU FI datu drothas politikas dokumenta 3.kvartls
uzlaboSana

4. lekgjas kontroles politika dokumenta uzlaboSanha 3.kisrt

5. Riska faktoru frvertéSana un pagkumu phna 4 kvartls
korekcija 2009.gadam
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LU Fizikas instiita imémumi 2009.gaal 540,3 tikstosi latu.

Finansgjums kopa

juridisk am persoram

(tokst.Ls ar vienuumi aiz komata) 540,3
tai skait:
Valsts budzeta finangjums 371,6
no &:
Eiropas Saviabas strukirfondu finangjums
zinatniskajai darfbai
Latvijas Ziratnes padomes (LZP) granti un cits LZP 460
finangjums '
zinatniskas darbibas lazes finangums 209,1
valsts gtijumu programmu finarggums 48,1
zinatniskas darhibas afistibas finangums 58,3
valsts parvaldes instiliciju pagititie petijjumi
tirgus oriengtie patijumi 10,1
pargjais valsts budzeta finagjsms (piengram,
paSvaldbu finangjums)

Augstskolas finangjums zinatnei 0
Finansgjums no starptautiskiem avotiem 163,3
tai skaiti ienemumi no fgumdarbiem adirvalstu juridiskim 273
persolam '

lepeémumi no ligumdarbiem ar Latvijas Republikas 54

LU Fizikas institits — 2009
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LU Fizikas institata izpilditie projekti

ES 6. letvara Programmas —5: ES 7. letvara Programas - 3

Magnetic flow tomography in technology geophysius acean flow research
MAGFLOTOM, Commission of the EC, Research DG, @ohtd0.028670,
Specific target Project

Production of a liquid metal limiter for plazma i8TOK Tokomak, Lisboa,
Portugal (production of pumps, flow meters et€iyed contribution contract
with EURATOM EC 6 Framework Programm, FU06-CT-2004078,
European Isotope Separation On-Line RadiactiveBeam facility (EURISOL
DS), EC 6 framework Programm, Contract 515768 (RIDS

Virtual European Lead Laboratory (VELLA), FP6:Conttdype: Integrating
activities implemented as integrated Infrastructaoéivities, Project reference
36469. NUWASTE-2005/6-3.2.3.1-1.

The European Spallation Source (ESS),CONSORTIUMEEMENT, Latvijas
Universitate (LU), LU Fizikas instifits (IPUL)

2009.gad apstipriratie 7.letvarprogrammas projekti

« CP-ESFR Collaboration Project on European SodiunstFReactor, no.

232658, 7. ietvarprogramma,
« ADRIANA Advanced Reactor Iniative and Network geraent, FP7 RTG,
* HeLiMnet . Heavy Liquid Metals Network. Agreememt249677

2008.-2009.g. igumi ar arzemju zinatniskajam institaicijam -9

Zinatniska institizcija Valsts Projekta nosaukums

Paul Scherer Institute Sveice Modification o fan
electromagnetic pumps

Corus Research, Niderlande| Design, manufacture, test and

Development and delivery of a permanent

Technology magnet system

SIEMENS Vacija, Fesible study for the MHD

Grenobles Politehniskais | Francija | facility with permanent

institits magnets for the glass

CNRS, INPG technology

SIEMENS Vacija, Manufacturing of prototype

Grenobles Politehniskais Francija

institits

CNRS, INPG

SCK CEN Bgija Electromagnetic induction
pump on permanent magnets

Los’Alamos National ASV System of electromagnetic

Labarotory (LANL) pumps

LU Fizikas institits — 2009
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d

(@)

Research, Gandhinagar,
Gujarat

Oak Ridge National ASV Design, manufacture, test an

Laboratory (ORNL) delivery 2 electromagnetic
pumps

Forshungszentrum Vacija® Realizations of as Rayleigh-

Dresden-Rossendorf(FZD Benard Experiment with
mercury in a rotating magneti
field

Institute for Plasma Indija Design, manufacture of

experiemental facilities and

the effects of MHD, corrossio
in Pb-Li flow for the
development of indian LLCB
blanket system

conduct eksperiments to study

LU Fizikas institita 2008.gad realizétas 1 valsts @tfjumu programmas projekts
un 3 sadarlibas projekti

Registracijas
numurs Nosaukums Vadtajs
Valsts @tijjumu 5. projekts Nanodalinu, nanostrukturalu materialu un plano E.Blums
programma kartinu tehnolodiju izstrade funkcionalo materialu un E. Cebers
., Modernu kompozitu izveidei
funkcioralu . .
materilu Apaksapaks projekti:

mikroelektronikai,
nanoelektronikai,
fotonikai,
biomedianai un
konstrukivo
kompoitu, ka an
atbilstoSo
tehnolgiju
izstrade”

Rezultati

Modernu funkcioalu mikroelektronikai,
nanoelektronikai, fotonikai, bi-omedi@i un konstrukvo
kompoztu, ka af to atbilstoSo tehnofgju izstrade

Izpilditajs E.Blams

Nanodinu, nanostruktiu materilu un pkno
tehnolg@iju izstrade funkcioalo materilu un kompozu
izveidei Izpilditajs A.Cebers

1. vaditajs Dr.hab.phys. E.Blims

Apkopota jauika informacija par salikto fetu nanodénu
magretiskapm ipadbam un izweléti magretiski cietu un
magretiski mikstu feftu kompoztu sasivi eksperimeriiem
petijjumiem sadaribas projekta programmas ietvaros.

Izmantojot magnetogranulometrijas, migkas
dubultlausanas un gaismas dinarasskzkliedes mrjjumus,

izdaiiti sakdzinoSi @tijjumi par daZdu ferokoladu nanodhnu
»-magretisko” un ‘fizisko” izméru korehciju.

Izstadata un aprobta augsfitiga un preiza LC oscilatora
shkema nanodinu koncenticijas neriSanas iekrta ferokoladu
filtr acijas pafidibu Etijjumiem. lzdaiti nanoddinu sepaicijas
dinamikas rmarfjumi  plana filtrgjoSa slani un nowrtets
efekivais termofogzes koeficients.

Izveidots hologfiskas inerferometrijas ielttas makets

LU Fizikas institits — 2009
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un veikti pirmie demonstrata rakstura eksperimenti katu
magnetofoizes un konvekvas stabiliites @tijjumiem pknos
slaniSos.

Veikti skaitliski dubultdifuizas magmtiskas konvekcijas
stabiliites  @tijumi  periodisks  termiski  ierosiatas
ferokoladu satrukiiras un noskaidrotas to likumsakaas.

2. vaditajs Dr.hab.phys. A.Cebers

2008 g. Pirmoreiz pasausinteZti lokani feromagatiski
filamenti un eksperimenli apstipririta teo&tiski
paredzta filamentu anorala orienficija mainga
magretiska lauka (Publ. : 1.KErglis, M.Belovs,
A.Cebers. Flexible ferromagnetic filaments and the
interface with biology. Moscow International Sympos
on Magnetism, Book of Abstracts, Moscow , P.238&0
2.K.Erglis, M.Belovs, A.@bers. Flexible ferromagnetic
filaments and the interface with biology. Journdl| o
Magnetism and Magnetic Materials — 2009, v.32156x-
654.) .

7

Sadarhbas projekti:
1.Nanomatedi a) Mikstie magatiskie materili un nanotehnolgijas A.Cebers
un nanotehnolgija
b) Diftiza un konvekiva nanod@inu parneses neizometriskos | E.Blims
ferrokolados kapidri porairas vides

2.06.0029.2.09 MHD metodes dispess fazes sadaanai un homogeriizijai | J.Gelfgats
kompoztos ar metlisku matricu

Institita 2009.gad 1stenoti 4 Latvijas Zinatnes padomes finan&ie projekti

J.Freibergs ,Nehomo@nha elektromagtiska lauka un robeznosagumu ietekme uz
09.1226 elektrovadoSas videsggmam'

Neskatoties uz ierobezoto fin@psnu projekts ir veiksngi uzsakts.
Sasniegti &i rezulsti:
1. Izgatavoti virkne metamateld modéu elektromagetisko vilpu kHz un MHz
diapazon. Noteiktas to rezonansgsasbas, ierosinot ties ka aff indukcijas cé.
Petot sadarbetpatribas starp elementiem, kongttka impulsa ierosmes gaana
parmainas ierosmes sigh vairakkart pariet no viena elementa uz otru. Balstoties
uz laboratorijas gijumiem, modedti Saules koronas anatas uzkarSanas
mektanismi.
2. Tika izveidota un optiméta ielarta Pb15.7at%Li sakagsma razoSanai, kas
lauj iedit 75 kg sakauguma viera sakaugSanas cild un veikt vismaz 4 ciklus
diera. Atklatas specifisks probémas, kas rodas organjat sakausSanas procesu,
apraksita sakausSanas iefrtas konstrukcija uras funkciorgSana procesa laik
legati tadi termohidraulisk metlu savienoSais un atdziSanas reti, kaslauj
iegat viendabgu sakaugumu.
3. V.Kremaeckis beidza darbu pie fizikas doktora didgfas un veiksitgi
aizshveja to.
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A.Galilitis
09.1225

2009.gad veiktie uzdevumi:
Petita metamateflu rezonanses elementu izmantoSanu degSanas procesu
optimazcija.
2009.gada gijumu rezulsti paradija, ka elektromagsiska lauka (EM) kHz un
MHz diapazonos var raidakiivus metamateiiu elementus ar rezonanses rakstura
atbildi uzargja lauka iedarbi. Turp@k paredzts izfEtit iesgEju rezonanses
procesus izmantot metamatéui elementu slodzes ggima radot kargSanas
efektus. lepriek§ie eksperimenti padija, ka var elementus izmantot augstas
temperairas degSanas procesu optigifa. legitos rezulitus vagtu izmantot EM
augstfrekvences rezonansesldagdsSanai, kas vatu rast ar praktisku
pielietojumu.
Lai izveidotu droSi darbiimu Pb-Li ieguves ielktu meginasim paéninat litija
iepladesatrumu un idz ar to temperatas kipumu reaktdt, ja kis atrasts, ka tas
nesaasina intermetal raSaas probému. Toner, bitu velams reaktar parsniegt
temperairu, kum kiist PbLi - 482°C. Veidot reaktoru kompleksar
elektromagnetisko induktoru un litija inzektoAda veida, lai siltuma izdaBaras
zona koncenétos reaktora certrun ar MHD metod@m parakt simetrisku un
viennerigu siltuma sad#@anos vis reaktora tilpura.

, Skidrs metals kodoltehnolggij as un fizikalos eksperimentos ”

Veiktie darbi:

a) karsi un bezloga variantu gdkinajums Hg ngrkim ekstrenali intengva
protonu stat (EURISOL parametri):

Fizikas Instifits piediva jaunu n&rka konstrukciju, kur protonaiks (kiila enegija
5MW) apstaro Kidro metilu tieSi bez starpsi@m. Tika izstadati vairaki merka
modai, kas ngroga 1:1 ir iznEginati uz davsudraba konira. Eksperimenti
pafmdija, ka ir iespjams realizt stabilas Bidra metla plismas ar atbilsta
pragbam — firmas parametri 20 x 600 mm, garums atisano spiediena caurules
kontira, caurpide — 12 |/s.

b) daudzsiiklu Ga limitera izpte Tokamak ISTTOK un projekta izside
limiteram Tokamak FTU:

Tokamalk ISTTOK (Augstka Tehnisk skola, Lisabona, Portalg) veikts
limitera uztverds jaudas r@rijjumi — paadits, ka limiters absogbap 20% no
pilnas izlades jaudas. Tokamakam FTU (ENEA, Frascadiiijd) sagatavoti
priekslikumi gallija pievatdanai — spiediengeneg sistma ar diviem e.m.
sikniem, ievadam izmantojoisu karalu.

c) sikotrgjie eksperimenti ar PbLi komtu supravadosaj6 T magita
Veikti eksperimertiie petijjumi PILi kontira supravadoSa solefia
magretiskaja lauka. Eksperimenti pieidija, ka ar So iektu var veikt
ilgstoSus korozijasdiijumus pie augsm PILi temperairam (T<55°C).
Petijumu rezulsti atspoguoti [3.-5.].

d) parametru defiicija e.m. skniem SNS atskaitb neitronu avat
Veikti aprkini jaudigo elektromaggtisko indukcijas sknu uz
patstvigajiem magatiem smagajiemigdriem metliskiem (davsudraba
un svina saka@gumiem) parametru n@vteSanai. lzs@dats jaudga sikna
projekts dzvsudraba spiedienarrdk 5 atmosfram un caurteceidlz 10
litriem sekun@. Sads siknis kalpo par protipu &am siknim ESS
apstikliem.

e) Dinamo-eksperiment@&ga magretiskas sakabesaobaudei :
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E.Bliams
09.1023

.Grants
09.1223

Parbaude veikta 26-30.04.2009 eksperinierffakabe darbojas teicami un
tiks izmantota akamas eksperimentuesjas.

"Liofiliz &tu magnetisku nanodalinu fizik alasipadbas un parneses paadibas
steriski stabiliz étos ferrokoloidos”

Projekta nelid finansjuma ] loti griti veikt nopietnus eksperimeihbs
peEtijjumus, jo nav iespams iegdaties nepiecieSamos matdus, kimikalijas un
veikt dazdu palgiericu un mezglu izgatavoSanu. 2009. gaduaciju ddgji glaba
papildus finangums no LZP sadarbas projekta 05.0026. Nanomaiénn
nanotehnolgijas, (2005.-2009), kura Fizikas instih apakSprojekts tematiski
saistts ar projektu 09.1023 eRjumus savstagi koordingjot, iediti Sadi kopgji
rezulti:

1. Apkopota jaudka informacija par salikto fatu nanodfinu magmtiskajgm
ipa8bam un iz\el&ti magretiski cietu un maggtiski mikstu feftu
kompoztu sasivi eksperimeraliem petijumiem projekta programmas
ietvaros.

2. lzmantojot magnetogranulometrijas un gaismas diskaniizkliedes
MErfjumus, izdaiti salidzinosi @tijumi par dadu ferokoladu nanodhnu
»-magretisko” un ‘fizisko” izmeru korehciju.

3. lzstradata un aprobta augsiitiga un pretza LC oscilatora sfma (idz
0.01%) nanodmu koncentiicijas neriSanas iekrta ferokoladu filtracijas
pamdibu Etijumiem. Izdaiti nanoddinu sepaicijas dinamikas @rjumi
plana filtr gjosa slant un nortets efekivais termofogzes koeficients.

4. lIzveidots hologifiskas inerferometrijas ielttas makets un veikti pirmie
demonstrava rakstura eksperimenti katthu magnetofazes un
konvekivas stabilifites Etjjumiem pknos siniSos.

Turpmikie darbi tiks nanodepu parneses procesuefpjumiem daidos kolados,
galveno ¥ribu piewrsot termofogtiskagm, osmotiskm un magnetof@tiskajam
pamdibam atkarba no nanodBnu iznmera un virsmagpa3bam. Darba konlatais
saturs un gtijumu apjoms atkags no pieejamfinangjuma.

finangjumam, kadautu uzlabot konktus tehnolgiskos procesus , pielietojot
elektromagatiska lauka iedarbi.

Elektromagnétisko lauku ietekme uz kusibas, siltuma un masas frneses
procesiem elektrovadoSas vides virdplismas

Ir izveidota eksperimeail iekarta, lai iz\erteétu nehomogna mag#tiska lauka
ietekmi uz degSanas procesu dinamiku liesmas Nalgna. Ir veikti degSanas
procesu dinamikasgfijumi liesmas virpiplisma, kas ietver kompleksus liesmas
atruma, temperatas un sagtva sadajuma veidoSafs Etijjumus daidas
atjaunojam kurinama (koksnes biomasas) degSanas procetsdiladis stadis,
izvertejot nehomogna magatiska lauka ietekmi uz degSanas un siltuma/ masas
parneses procesiemprocesientifamu rezulti ir aproleti Starptautisk BIO
NORD Konfereng un 50. RTU StarptautiakZinatniska Konferen¢€ Riga. Ir
sagatavotas un iesniegtas puftikas Zuraliem ,Global Nest” (cigjams
izdevums) un LFTZ.

Rarskata perio@ uzprojekéta eksperimeita iekarta koncentta virpula un &
izraigtas &idra metila virsmas defordcijas norosanai. Siekarta izgatavota
sadarliba ar Forschungszentrum Dresden-Rossendauf af veikti eksperimenti ar
to. leditie rezultiti apstipriraja izvirzito hipotzi, ka magatiskie tilpuma spki var
ierosirat koncentétu virpuli noskgta tilpuma. Paadits, ka ierosiatajam virpulim
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ir vairakas idzibas ar atmosfas virpdiem: rogjosas pkismas maksialo atrumu
nosaka poloidais sygks tipat ka orkana \&ja atrumu nosaka spiediena defgct
centa., bet azimutlais sggks nosaka virpla struktiru. Pa#dits, ka azimutajam
tilpuma sgkam pienit sviras daba. Protiadams daudzit mazks par prinaro
poloidalo, tas litiski izmainaatruma sadajumu. leditie rezultti arn paadija, ka
turbulence ierobeZzo minito virpula diametru, & rezul&ta virsmas deforricija ir
telpiski izpladusi un nepasviga. Tadejadi, iegita plisma nav nodgga peldosu
ddinu atrai iemaisSanai tilpum, kas ir @gtamas pafdibas galvenais praktiskais
pielietojums. Rinotie darba rerki Sap petijjumu virziera ir pilniba sasniegti
neskatoties uz finaagima ttikumu, kura d] eksperiments tika veikts pie
sadarlibas partneriem Bedere. Turpnako petijjumu uzdevums ir atrast veidus k
stabiliz&t virpuli, pargkot, ka uz meiia virsmas veidojas izteikta piltuve ar lejup
Verstu virsmagitrumu. lespgjamie risirajumi ir stabilizacija ar inerci virpla
iegrieSags laika ka aff stabilizcija ar pastvigu aksilu magretisko lauku.
Petijumus paredas tupirit ka ar eksperimeatam, ka an skaitliskam meto@m.

Nestabilitztes un @reja uz turbulenci elektrovadoSdk&lrumu pliasmas areéjos
magnetiskajos laukos

|zpetiti nosagjumi skrejoSa magtiska lauka parametriem, kas nepiecieSami, lai
izmairitu kaugjuma plismas virzienu virs ieliktas sadiganas frontes VGF
(Vertical gradient freeekristalu audzSanas procesosada ietekme lietdega
piemaigjumu radalas segregcijas samazi#sanai neliela iz@ra pusvataju
monokristlu razoSaa. Petijjumi aptver plaSu vadoSo parametru insury kaslauj
pielietot rezulitus dazdiem procesiem. Atkts, ka dabisk konvekcija ierosina
automodudru robeZsina tipa ptismu virs kristaliacijas frontes ar netrigiu
atkafbu no Grashofa un Pranatskaitiem. Neskatotoies uz to, nepieciedam
skrejo& lauka intensitte dabisks pismas pagrieSanai pégt virziera ir
proporcionala vienkarsi Grashofa skd@ un frontes ieliekuma dzima
reizinsjumam. Rtijjumu rezuliti publicgti Zurnala Journal of Crystal Growth

Turpinot augstkmingtos @Etijumus veikta skrejagsmagretiska lauka ierosiatas
plasmas skaitliska stabilites anake kristlaudZSanas procesos ar VGF metodi.
Noskaidrots, ka gapima, ja lauks tiek izmantots radiis piemaigumu
segregcijas samazifisanai, tad pisma praktiski vien@r paliek stabila. SkrejoSais
lauks var tikt izmantots acita nerka sasniegSanai — kristadjas frontes
ieliekuma samazi$anai. Sim nakam pielietojams lejuparsts skrejo3ais
magretiskais lauks. Noskaidrots, ka izteikila veida efekts ir savienojams ar
plismas stabiliiti, ja audzjama kristala radiuss prsniedz noteiktu lielumu. VGF
procesam rakstiga stabila kawguma vertikila stratifikacija. Sids temperairas
gradients iegrojami bremz un stabiliz plismu. Stabiliites anake veikta plaSam
vadoSo parametru intetham. Noerotas vaiikas interesantas aibas —
zemkritiska nestabiligite, "stabiliites salu” veidoSas. Skaitlisko ptijjumu rezulti
dagji parbaudti eksperimerit. Petijumu rezulkiti sagatavoti publikcijai Zurrala
Journal of Crystal Growth

Projekta pieteikumplanotie darba uzdevumi pamat izpilditi. Papildus projekta
iesniegun paredztajam, veikti eksperimenti ar magsko tilpumsgku ierosiratu
virpulplasmu %idra metla cilindra. Petijumu nerkis bija noskaidrot nosgomus,
pie kadiem veidojas intengs koncentts virpulis, ki afi Sada virpda rakstuigas
ipa3bas. Eksperimeamno\eroti tris reami: (1) koncentgts virpulis; (2) iek§ja
kodola veidoSais; (3) meridioalas plismas apspieSana. Pirmajos divosmeis
no\erotas vaitikas idzibas ar atmosfas virpdiem: (1) virpda intensiiti nosaka
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meridioralas pkismas avota intengte; (2) virpda strukiiru nosaka legkiska
momenta un meridiaas plismas avotu attiéea; (3) Plismas iek§a kodok
meridiorala plisma maina virzienadzgi ka orkana "ag"'. Magretisko sggku
izmantoSanailiiski papildina ieprieks izmantotos atmérsts virpdu modéus ar
to, ka Sie sgki principa ir neatkaigi no piismas. Turkdt, divu savstargi
neatkatgu magmtisko sggku izmantoSangauj sandrot abas virpla pasivéSanai
nepiecieSams komponentes — meridiaio un azimuilo. Ekspriment paiadits, ka
azimutilam sggkam ir sviras daba — sdkinosSiloti vajS azimutls sggks var hutiski
izmairit virpula strukitiru. Fetjjumu rezulsti publicgti zurnala Journal of Fluid
Mechanics

2009. gada raksti starptautiski ci€tos izdevumos - 23

1.

2.

I.Grants, A.Klyukin G.Gerbeth (2009nstability of the melt flow in VGF growth
with a traveling magnetic field J.Crystal Grow811, 4255

A.Cramer, V.Galindo, G.Gerbeth, J.Priede, A.Bojargwu.Gelfgat O.Andersen,
C.Kostmann. ailored Magnetic Fields in the Melt Extraction okkdllic Filaments.
METALLURGICAL AND MATERIALS TRANSACTIONS B, 2009, vl.40B,
p.337-344.

R. B. Gomes, H. Fernandes, C. Silva, A. Sarakoy3kiPereira, J. Figueiredo, B.
Carvalho, A. Soares, P. Duarte, C. Varandas, Qalsgs, A. Klyukin, E. Platacid,
Tale, A. AlekseyvLiquid gallium jet-plasma interaction studies infMBOK tokamak
Journal of Nuclear Materials 390-391 (2009) pp.-93&

3.3. Rade Z. Milenkovic, S. Dementjev, K.Samec|&deis, A.Zik, A.Fleroy
Kn.ThomsenStructural-hydraulic test of the liquid metal EURIS target mock-up.
Journal Nuclear Instruments an Methods in PhysaseRrch, Article in press.

R. Krishbergs, E. Ligere, F. Muktepavela, E. Plsta&. Shishko, A. Zik.
Eksperimental studies of the strong Magnetic fagltion on the corrosion of RAFM
Steels in Pb17Li melt flowslagnetohydrodinamics Vol.45(2009), Nr. 2., pp. 289
296

Cyril Kharoua, Yacine Kadi, Erik Platacis, Kalvigsd¢alisand the EURISOL-DS
Task#2 collaboration. EURISOL-DS Multi -MW Targdtu8y of the Windowless
Transverse Film Liquid Metal Proton-to-Neutron Certer. CERN-EN-NOTE-2009-
003 STI.

D. ZablotskyV. Frishfelds, E. Blumsinvestigation of heat transfer efficiency of
thermomagnetic convection in ferrofluiddagnetohydrodynamic2009, vol.45(3),
pp. 267-271.

D. Zablotsky, A. Mezulis, E. Blum$&urface cooling based on the thermomagnetic
convection: Numerical simulation and experimémt. J. Heat Mass Transfer2009,
vol. 52, pp. 5302-5308.

Zablotskaya, 1. Segal, E. Lukevics, M. MaiorovZBblotsky, E. Blumsl.
Shestakova, I. Domracheva. Water-Soluble Magnegicdgarticles With
Biologically Active StabilizersJ]MMM, 321(2009), 1428-1432, Doi Information:
10.1016/J.Jmmm. 2009.02.060.

10.M. Zake, I. BarminaA. Descnickis, V. Krishko, M. Gedrovics, Experintainstudy

of the combustion dynamics of renewable&fossil feeffire in swirling flame, In:
Latvian Journal of Physics and Technical Scien2@89, Vol 46, Nr.6, pp 3-16.

11. E.Karule, A.Gailitis Above threshold ionization of atomic hydrogemsstates

with up to four excess photons. J.Phys. B: At. M@yt. Phys43 (2010) 065601 (7
Ipp)
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12.V. Bojarevicsand K. Pericleous. “Droplet oscillations in higtadient static magnetic
field”. Microgravity Science and Technology, 200&l. 21, N 1-2, pp. 119-122.
ISSN 0938-0108 (Print), 1875-0494 (Online). D00:1007/s12217-008-9055-y

13.V. Bojarevicsand K. Pericleous. “Dynamic melting model for shsamples in cold
crucible”. The International Journal for Computatiand Mathematics in Electrical
and Electronic Engineering, 2008, vol 27, No. 2,. ppb0-358. DOI:
10.1108/03321640810847634, ISSN 0332-1649, ISBN1384663-764-3

14.V. Bojarevics,K. Pericleous and R. Brooks. “Dynamic Model for leCleanness
Evaluation by Melting in Cold Crucible”, Metalluicgl and Materials Transactions,
B, 2009, v. 40, N 3, pp. 328 — 336. ISSN 1073-56130I: 10.1007/s11663-009-
9226-2

15.G. Djambazov,_ V. Bojarevicand K. Pericleous. “Vacuum Arc Remelting Time
dependent Modelling”. Magnetohydrodynamics, 2008l ¥5, No. 4, pp. 475-482.

16.V. Bojarevics K. Pericleous. “Levitated droplet oscillationgfeet of internal flow.
Magnetohydrodynamics”, 2009,Vol. 45, No. 3, pp.-2576.

17.P.Tierno, J.Claret, Fr.Sagues, and &é&rs.Overdamped dynamics of paramagnetic
ellipsoids in a precessing magnetic field. Phys.Re2009, v.79, 021501

18. K.Erglis, M.Belovs, A.@bers Flexible ferromagnetic filaments and the integfac
with biology. Journal of Magnetism and Magnetic Btals — 2009, v.321, P.650-
654.

19. M.Belovs, A.Gbers. Properties of twisted ferromagnetic filaments. rdau of
Physics:Conf.Ser. -2009, v.149, 012103.

20. E.Wandersman,E.Dubois,F.Cousin,V.Dupuis,G.Merigi€erzynski, and
A.Ceébers.Relaxation of the field-induced structural anieply in a rotating magnetic
field. Europhysics Letters — 2009,v.86,10005.

21. M.Belovs, and A.€bers Ferromagnetic microswimmer. Phys.Rev.E — 20089,v.
051503;Erratum:Ferromagnetic microswimmer [Phys.Rew9,051503 (2009)].
Phys.Rev.E — 2009, v.79, 069906(E).

22. M.Belovs, T.Grulis, and _A.Gbers. Equilibrium shapes of twisted magnetic
filaments. J.Phys.A:Math.Theor. — 2009,v.42, 235206

23. C.Gourdon,V.Jeudy, A&bers, A.Dourlat, Kh.Khazen, and A.Lemaitre. Unusual
domain-wall motion in ferromagnetic semiconducitm$ with tetragonal anisotropy.
Phys.Rev. B — 2009, v.80, 161202(R).

2009. gada raksti Starptautisko konferetiu rakstu kr ajumos (Proceeding) -25

| Proceedings of & Intl. Conf. on Electromagnetic Processing of Matdals,
Dresden (EPM 2009)JSBN 978-3-936104-65-3

1. LGrants, A.Klyukin,G.Gerbeth (2009low stability in magnetically
manipulated vertical gradient freeze,

2. L.Grants,G.Gerbeth (2009)iquid metal tornado,

3. A. PedchenkpA. Bojarevics J. PriedeG. Gerbeth, R. Hermann. Model
experiments on the melt flow driven by a two-phaskictor.

4. Rade Z. Milenkou, Sergejs Dementjevs, Karel Samec, Ernests Platacis
Anatolij Zik, Aleksej FlerovKnud Thomsen, Enzo Manfrifime-frequency
analysis of coupled structural-hydraulic behaviditlle EURISOL liquid
metal target mock-uppp. 425-428

5. K. Kravalis, F. Muktepavela, E. Platacis, A.ShishEgperimental Results on
the Magnetic Field Influence on the Corrosion of FEDFER Steel in Pb17Li
Flow. pp. 473-475
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6. Valdmanis, A. Cipijs“High Frequency Electromagnetic Resonant Heating
Effects. Ipp. 149-153.

7. J.E.Freibergs, I.PlatniekMagnetohydrodynamic technology for lead-lithium
alloy production. Proceedings. pp.834-837.

8. V. Bojarevics and K. Pericleous. “Solutions for threetal-bath interface in
aluminium electrolysis cells”, Light Metals 2Q0Ed. G. Bearne, TMS,
2009, p. 569-574. ISBN Number 978-0-87339-731-55NSNumber 109-
9586.

9. V.Bojarevics, S.Easter, A.Roy, K.Pericleous. MagnBlamping of Levitated
Liquid Droplets in AC and DC Field. Proceedings 6tht. Conf.
Electromagnetic Processing of Materiakeynote lecture) 2009, Dresden,
pp. 699-702. ISBN 978-3-936104-65-3

10.V.Bojarevics. Models for magnetohydrodynamics afnaihium electrolysis
cells. Proceedings 6th Int. Conf. ElectromagnetiocBssing of Materials,
2009, Dresden, pp. 90-93. ISBN 978-3-936104-65-3

11.S.Easter, V.Bojarevics, K.Pericleous. Determiningf&e Tension Using DC
Magnetic Levitation. Proceedings 6th Int. Conf. ddlemagnetic Processing
of Materials, 2009, Dresden, pp. 723-726. ISBN-9786104-65-3

12.S.Taniguchi, S.Shimasaki, J.S.Park, K.Ueno, V.Buj@s. Prospect for EPM
Application to Environmental Technology. Proceedingth Int. Conf.
Electromagnetic Processing of Materials, 2009, @eas plenary lecture),
pp. 3-8. ISBN 978-3-936104-65-3

13.S.Shimasaki, K.Imanishi, S.Taniguchi, V.BojarevicManufacturing of
Uniformly Shaped Silicon Particles for Solar Celthrh Molten Metal Jet by
Electromagnetic Pinch Force. Proceedings 6th ImnfCElectromagnetic
Processing of Materials, 2009, Dresden, pp. 899-BBBN 978-3-936104-65-
3

14.V. Bojarevicsand K. Pericleous. “Solutions for the metal-batteiface in
aluminium electrolysis cells”, Light Metals 2009.E5. Bearne, TMS, 2009,
p. 569-574. ISBN Number 978-0-87339-731-5, ISSN Kerml09-9586.

Il Proceedings International Symposium on Liquid Metal Processing and

Casting, 2009, Santa Fe

15.V. Bojarevics,S. Easter, K. Pericleous. Levitated Liquid Droplet AC and
DC Magnetic Field., pp. 319-326. ISBN 978-0-87333-B

Il Proceedings of 2 Nordic Wood Biorefinery Conference (NWBC 2009),
Helsinki, Finland, 2009,

1. G. Telysheva, A. Arshanitsa, T. Dizhbite, A. Anders, G. Lebedeva,
I. Barmina, M. ZakeMultiple Products on the Basis of Rich-in-Lignin
Residues from Bio-Ethanol Production — an Appro@cRealization of the
Biorefinery Concept9, pp.80-88.

IV International Conference on Peaceful Uses of Ataic Energy-2009

Vigyan Bhavan, New Delhi, India, SE-6;5eptember 29 — October 1, 2009

1. E. PlatacisLiquid metal research activities at Institute ofyBlts University
of Latvia

2. J.E. Freibergdndustrial Production Technology of Lead-Lithiurmod,
pp.66-67.
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V ICANS XIX, 19" meeting on Collaboration of Advanced Neutron

Sources, March 8-12, 2010 Grinderwald, Switzerland.

1. K. Thomsen, K. Conder, Y. Dai, D. Kiselev, M. Meday R. Moormann, J.
Neuhausen, E. Platacis, Pomjakushina, S. Torok, L. Zanini, P.
ZimmermannlLead Gold Eutectic, First Steps Towards the Quadifon of a
Novel Target Material for ESS

VI EURISOL conference, Pisa, 3.03.09 Starptautiskplazmas konferené
EJC-PISE-2009

.K.Kravalis, E. Platacis, A. Zik§. Kadi, C. Kharonal owards Transverse
Windowless Target

VII 3-th Congress on Advenced Electromagnetic Mateaals in Microwaves
and Optics Metamaterials 2009. London 2009 (CD).
J. Valdmanis, A. Cipijdnvestigation of resonant metamaterials elements
for MHz frequency”. 3-th Congress on Advenced tEbssagnetic Materials
in Microwaves and Optics. Metamaterials 2009. Lan@609 (CD).

VIII 19th PSI conference , San Diego

R. B. Gome} H. FernandésC. Silvd, P. Duartd O. Lielausi$, A. Klyukin?,
E. Plataciand A. AlekseyV, *Associacdo EURATOM/IST, Instituto de
Plasmas e Fusao Nuclear/IST, Av. Rovisco PaisINb049-001 Lisboa,
Portugal.

Association EURATOM/University of Latvi,RINITI Troitsk,
Moscow reg. 142190, Russia. Dynamic behaviourla@aid Gallium Jet under
the Influence of the Tokamak ISTTOK Plasmas

IX Joint European Thermodynamics Conference JRTC-1022. June — 24.
June 2009, Kopenhagen, Danmark

Blums E., Kronkalns G., Mezulis A., Sints Yhermoosmotic transfer of
ferrocollo-ids through a capillary porous layettie presence of uniform
magnetic field http://www.jetc10.fys.ku.dk/?g=allabstracts

X International seminar in Tallin June 11-14, 2009Radiation Fields of
Erath, related Architectural Geometry of Forms andtheir Influence on
Organisms.

J.Valdmanis, A.CipijsJ. DolacisDowsing as resonant interactipProceeding
— Abstracts and Articles, page 40-43

XI' APS March Meeting, Pittsburgh

A.Cebers, M.Belovs, KErglis. Flexible ferromagnetic filaments and the
interface with biology., W15_7, P.493, 2009.

Training school on magneto sciences (Riga, Latvidjay 18 — 22, 2009) supported
by COST P17) with the participation of teachers fron the European group of
teachers GAMAS - 5
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1. Elmars BlumsHeat and mass transfer in magnetic nanocollélds;eedings, Vol.
2, p.180 — 202.

2. A.Gailitis, Laboratory experiments on MHD DYNAMBxoceedings, VoR.

3. J.FreibergsElectrolysis cells of aluminiunProceedings, Vok.

4. Y.Gelfgat Electromagnetic methods and devices for meltingngportation,
stirring and preparation of Adalloys.Proceedings, Vok.

5. A. CebersSoftmagnetic micro machind¥oceedings, VoR, P.150-179.

Zinojumi - 2

1. J.Freibergs no 25.03.200@ 29.03.2009 piedgds semiara ,Future Prospectives
in Magnetosciences, Applications to Energy and kale Grenobg, Francig,
SIMAP ar refestu “Liquid Metal MHD Experiments at IPUL”.

2. J.Freibergs 16.06.2009 pietas 7IP projekta CP ESFR SRbnsultaivaja sapule,
Liona, Francii, AREVA un nolaga refe&tu ,EMP pielietojumu iesgam natrija
dzestosatrajos reaktoros”, aut. J.Freibergs, .Buceniek&0maks.

Starptautiskas konferences Latvi-11

1. _E. Platacis. A. Sisk&. Muktegavela, R. KriSbergsEkspluadcijas faktoru (T,t,B)
ietekmes izfie uz blanketa EUROFERrauda korozijas procesiem Pb-Ligsing.
LUCFI 25. Ziratniskas konfrencessizes. 2009, 11-13. felads. P 70.

2. V.Kremaeckispiedatjas ,Rigas Tehnisks Universiites 50. starptautigkzinatniska
konferené” ar refeftu: ,Predzie automoddirie atrisirajumi hidrodinamik un
magretiskaja hidrodinamili un to attietha pret uzdevumiem robesa tuvirgjuma.”
Riga, 2009. gada 12. — 16. oktobr

3. 1. BarminaM. Gedrovics, V. Krishko, M. ZakeCo-firing of the renewable with
fossil fuel for the clean and effective heat engrgyduction, VIl International
Conference BIONORM II, RTU “Environmental and clitadechnologies” ser.13,
N2, pp. 21-30, 2009, Riga

4. A. Arshanitsa, |. Barmin&;. Telysheva, T. Dizhbite, A. Andersone, M. Zake, |
Grans, The composition and fuel characteristics of nodrblyzed residues from
wheat straw ethanol productiol 8™ International Scientific Conference
“Engineering for Rural Developmerti: “Engineering for Rural Development”,
Jelgava, 2009, pp. 105-111.

5. I Barmina, I. BuceniekdV. Gerdovés, V.Kriskg M. Zake, The magnetic field effect
on the swirling combustion of the renewable f&66f! International Scientific
Conferencdn: Environmental and Climate Technologies, serNB3; Riga, RTU,
2009, pp.11-19.

International conference ,Functional materials andnanotechnologies FM&NT-
2009, Riga, March 31 — April 3, 2009

1. D. ZablockisV. Frishfelds, E. BlumsNumerical investigation of thermomagnetic
intensification of heat transfer in ferrofluids,

2. M. Maiorov, G. Kronkalns, E. Blum§&errite nanoparticles under the effect of low-
frequency magnetic field.

3. A. Mezulis,Measuring the transport coefficients of nanopkasidy a continuous
power laser,
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4. A. Zablotskaya, I. Segal, A. Svarinsky, T. Erémalk M. Maiorov,l. Dolmachova,
Synthesis, physico-chemical study and cytotoxigpprtes of magnetite nanoparticles
bearing silyl(n,n-dimethil)ethanolamines,

5. 1. Segal, A. Zablotskaya, K. Savicka, M. Maiorbv Zablocky, |. Shestakova,
Water soluble ireon oxide/oleic acid magnetic nambples: preparation, physico-
chemical and biological characteristics

First International EJC-PISE Workshop in Riga

J.Valdmanis, A.CipijsHigh frequency electromagnetivc resonant methodrfetals
melting and vaporization.

Registrétie patenti:
2 patenti

LV patents |. Barmina,M.Gedrovts, P. Meija, A. Meijere-ickrastiha, M.
Purmals, M. Zke, Atjaunojana kurinama un gizveida kurimma
vienlaiagas sadedz#$anas apkures katls-LV patenta pieteikums P-
08-20,ekspetzes Emums 2/1307, 20.09.2009., pp.1-16.

European Patent (Application No.08016830.5-2209) “Vervahren und Agraung zur
Messung des Durchflusses elektrisch leitfahigerieméd2008).
Autori: G.Gerbeth, ... A.Bojarevi¢s.. J.Gelfgats

Instit iita (augstskolas) 2008.gaxistenoto tirgus oriengto petijumu vai pasvaldibu
paditijumu skaits un nosaukums: 1ligums

Titana razoSanas tehngig@s izstadasana, | E.Platacis
IZM TOP08-17 bazgjoties uz savstagu titana tetrahlorida
un metliska magnija tvaiku savstagu
mijiedarlabu”

Promocijas darbs - 1:

« V.Kremeneckis 2009. gada 26.upija seknigi aizstaveja promocijas darbu
fizikas doktora grada iegiSanai. Promocijas darba nosaukums: ,Preizie
automodularie atrisinajumi hidrodinamik a un magretiskaja hidrodinamik a
un to attieaba pret uzdevumiem robezdina tuvinajuma.” Darba vaditajs
J.Freibergs.

Magistra darbi — 2

* Imanta Kaldres aizsavetais maistra darbs -Termoelektrisko stravu un
magnetiska lauka mijiedarbibas izraigtas &%kidra metala plasmas
eksperimentla izpete adatveida rega apkartn €. Experimental study of liquid
metal flow, created by thermoelectric currents anagnetic field interaction,
around needle array.
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* Maija Z&ke - piedajas V. .KriSko magistrantiaras darba ,Atjaunojamo
energoresursu unagveida fosii kurinama lidzsadedziaSana videi draudgakai
enegijas razoSanaivadiSam, kuru V.KriSko aizt aveja 2009.gada jinija. No
2010. gadaiilija - RTU doktorant ara

» Bakalaura darbu aizstaveja un iestajas magistrantur a - Toms Beinerts

LU Fizikas instituta doktoranti — 6

K.Kravalis — vadtajs dr.fiz. Imants Bucenieks

G.Lipsbergs— vadtajs dr.fiz. Agris Gaiitis

D.Zablockis - vadtajs dr.hab.fiz. Elrars Blams

I.Kaldre — vadtajs LU FI A.Bojakvics

A.Desaickis — vadtaji: dr.fiz. Maija Z&e (LUFI) un Dr. Sci. ing. MrtinS Gedrows
(RTU)

V Krishko — vaadtaji: dr.fiz. Maija Z&e (LUFI) un Dr. Sci. ing. MrtinS Gedrouis
RTU

LU Fizikas institita magistrants
Toms Beinerts vadtajs Andris Bojagvics

Lekciju kurss MHD - LU Fizikas un matematikas fakult ates studentiem —
sagatavoijis un lagis A.Gailttis

Jaunie zimatnieki - 6

Ansis Mezulis, aizawgja promocijas darbu 2000.g.

Inesa Barmina, aizsteja promocijas darbu 2003.g.

Aleksandrs Petknko promocijas darbu aizstja 2004.g.

Armands Krauze aizsteja promocijas darbu 2005.g.

Agnese lickrastha (Meijere) - LUFI vadaspetniece, Dr. sc. ing., statuss-jaun
zinatniece ( promocijas darbs “Wood biomass(granuedjring with gaseous
fuel (propane)”, kuru aizatgja 2005. gada apr.

6. V.Kremeeckis 2009. gada 26Ginija sekmgi aizstivéja promocijas darbu fizikas
doktora giada iediSanai. Diseficijas nosaukums: ,Prege automoduirie
atrisirajumi hidrodinamilki un magstiskaja hidrodinamili un to attietha pret
uzdevumiem robezaja tuviragjuma.” Darba vadtajs J.Freibergs.

ogkrwbRE

Studenti - 5

LU students 1.Sints, darbus vada A.MeZulis

LU studenti L.Magones, I.Magones-Jaunpettauarbu vada A.Gails

RTU studentu l.Pagasta, G.Mencendorfa un L.Gold&tdarbu vada Dr.Platacis
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| ApakSnovirziens
Skidru metalu magnetohidrodinamika un hidrodinamika, fundamentalie un
pielietojumie péetfjumi.

Blinstitute of Physics
ELECTROMAGNETIC PROCESSING

DURING PRODUCTION
OF METAL-MATRIX COMPOSITES

Andris Bojarevics, Jurijs Gelfgats,
Imants Bucenieks, Toms Beinerts

Tel. 29506985
e-mail: andrisb@sal.lv

IMNSTITUTE OF PHYSICS, UNIVERSITY OF LATYIA

lab of MHD-technologies

FIELD OF EXPERTISE

» Liquid metal flow controlled by Electromagnetic field

» Electromagnetic pumps, stirrers, throttles, instability
damping etc. ....

Recent projects for industry:

Siemens-VAI

Corus in alliance with POSCO
Schott AG

Wacker (Siltronic AG)
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Potential Products

« Electromagnetic Processing Equipment for
Modern Metallurgy

* Production lines for Metal-Matrix-
Composites (MMC)

3
Dhes  oa%
$ 120*10°
2005 o090 <
(Total Production: 32 Miiion Teanes) (Projected Production; 60 Million Tonnes)
Figure 1. The warld consumption of primary aluminum, in millions of fonnes. 4%
Other Shipment Containers
30 & Pmnc
0 Transportaicn
1 : 14.0%
Elachal . [ -
60% L
Machinery
& Equipment !
e
~= ~ Buiding &
it Transportation Machinery Consln
! 34.0% & Equipment 30.0%
9.0%
North America (2005) China (2003)
Figure 2. The current market share by application sectors.*® 4
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Light and small product replaces the traditional

8
@
Continuous Fibre
g Aluminium Matrix Composites
& s
e
§ Thankum
! !—- Aluminium
§ & Steals
e
10 100 1000
Specific strength (MPa/g/cm®)
5

Where to invest?

Development curve of the mgrket for
modern materials

Modern polymer matrix composites
Modern metal matrix composites —»
Structure ceramic ——=

Growth'
=BSP

Strong E&E’ Large " Growth Growth<BSP
activities growth deceleration
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Fig. 1.57 Arrangement of typical structures of different particle reinforced

light metal composite materials: (a) SiC-particle reinforced Al (mold cast [9]),

(b) SiC-particle reinforced Al (die cast [10]), (c) SiC-particle reinforced Al
(extruded powder mixture [11]), (d) SiC- particle reinforced Al (cast and extruded).

Applications of MMC

Figure 1. Mid-fuselage Figure 2. The P100/6061 Al high-gain
structure of Space Shuttle antenna wave guides/ boom for the Hubble
Orbiter showing boron- Space Telescope (HST) shown (a-left) before
aluminum tubes. (Photo integration in the HST, and (b-right) on the
courtesy of L.S. Air HST as it is deployed in low-earth orbit
Force/NASA).
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Basics of Metal Matrix Composites

Karl Ulrich Kainer

particie Fig. 1.7 Schematic operational
(pure or with sequence during melt stirring,
carrier gas)

crucible

heating
melt
rabble

In general, the major advantages of Aluminium Matrix Composites (AMCs)
compared to unreinforced materials, such as steel and other common metals,
are as follows:

Increased specific strength

Increased specific stiffness

Increased elevated temperature strength

Improved wear resistance

Lower density

Improved damping capabilities

Tailorable thermal expansion coefficients

Good corrosion resistance

Figure 4. Cast SiC /Al attachment fittings:
(a-top) multi-inlet fitting for a truss node,
Figure 4. Cast SiC /Al and (b-bottom) cast fitting brazed to a Gr/Al
attachment fittings: (a-top) tube.

multi-inlet fitting for a truss

node, and (b-bottom) cast

fitting brazed to a Gr/Al tube. 10
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Model of a mixer for Aluminium furnaces
to produce uniform Metal-Reinforcement mixture in a large
volume

11

Funnel-type flow of liquid metal

Electromagnetic Method and Device for Mixing up Fine Scrap and Alloying Additions into Molten Metal
Institute of Physics, University of Latvia

Photo of the EMF when operated in mode 2.

12
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Electromagnetic Method and Device for Mixing up Fine Scrap and Alloying Additions into Molten Metal
Institute of Physics, University of Latvia

Schematic Presentation of the Electromagnetic Funnel Use for Stirring Up
Disperse Particles into the Crystallizer of a Continuous Casting Facility

I - tundish with the melt

2 - molten metal

3 — drain hole

4 — RMF inductor

5 —chute

6 — reservoir with particles
7 — tundish

8 - jet of melt

9 — crystallizer

10 — liquid zone of the ingot
11— mgot

|2 - funnel

13
Titanium Matrix Composites
(currently produced only by powder metallurgy)
» Liquid metal levitation in high frequency AC field
» Stabilization by superimposed DC magnetic field y
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Ceramic reinforcement

« Saffil fiber (AI203), Al203 particle
« SIC particle and fiber

« Carbon fiber

« Glass fiber

« Boron fiber

15

Applications

+ Automotive and heavy goods vehicle:
Bracing systems, piston rods. frames. piston. piston pins. valve
spring cap. brake discs. disc brake calliper, brake pads. cardan shaft
« Military and civil air travel:
Axle tubes. reinforcements, blade and gear box casing. fan and
compressor blades: Turbine blades
+ Aerospace industry:
Frames. reinforcements, aerials. joining elements
« Energy techniques (electrical components and conducting
materials):
Carbon brushes : Electrical contacts: Super conductor
* Otherapplications:
Spot welding electrodes: Bearings

16
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Liquid gallium jet—plasma interaction studies in ISTTOK tokamak
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Abstract

Liquid metals have been pointed out as a suitailigien to solve problems related to
the use of solid walls submitted to high power batlowing, simultaneously, an
efficient heat exhaustion process from fusion desidhe most promising candidate
materials are lithium and gallium. However, lithidmas a short liquid state temperature
range when compared with gallium. To explore furthes property, ISTTOK tokamak is
being used to test the interaction of a free fifiggid gallium jet with the plasma.
ISTTOK has been successfully operated with thisvjgtout noticeable discharge
degradation and no severe effect on the main plagswreganeters or a significant plasma
contamination by liquid metal. Additionally the pesise of an infrared sensor, intended
to measure the jet surface temperature increasegdts interaction with the plasma, has
been studied. The jet power extraction capab#itgxtrapolated from the heat flux
profiles measured in ISTTOK plasmas.

PACS classification codesb2.55.F; 52.40.Hf; 28.52.Fa

Article Outline

1. Introduction

2. Experimental setup

3. Influence of a gallium jet on ISTTOK plasmas

4. Gallium jet surface temperature increase analysis
4.1.Evaluation of the gallium jet surface temperatm@ease
4.2.Gallium droplets surface temperature monitoringrifsared sensor
5. Summary

Acknowledgements

References

1. Introduction

The materials currently used in large size fusiewices are submitted to very high
thermal loads (up to the GW#during off-normal events). Due to the high erodiorels
and thermal stress produced by such power loadgl#sma facing components are
likely to require frequent replacement. This quastias recently boosted the interest in
the research of liquid metals which could be susfcdly used to overcome these
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problems. The possibility to perform a permaneneveal of liquid surfaces has been
pointed out as one adequate solution for both taeegtion of solid walls and an efficient
power exhaust process from fusion plasfidsAmong a set of several liquid metals,
lithium has shown the best compatibility with fusiplasmas (due to its low Z) as well as
a remarkable hydrogen retention properties whitdweé low recycling operation with
the corresponding enhancement in plasma perfornidhd@] and[4]. However, lithium
remains in liquid state in a shorter temperatungeathan gallium which has essentially
better thermal properties and lower vapor pressig@8um reaches a Ibmbar vapor
pressure at 890 °C, while the same value is actiibydithium at 400 °d5]). To

explore further these properties, ISTTOK, a tokamvdk main parameterf = 0.46 m,
a=0.085 mBr = 0.45 T,Me(0) = 5 x 10° m™>, T¢(0) = 150 eV p ~. 6 KA anVigep ~- 3 V,

is being used to study the interaction of freentyifully formed liquid gallium jets with
the plasma. The main motivation for this work isdon the rather scarce number of
studies on gallium interaction with tokamak plasnidse only known other experiment
was performed in T3-M device using a liquid metalpdet curtain as a limitd6]. This
paper presents some of the results obtained in@K[ Bs well as the evaluation of the
jet surface temperature increase expected foirttesaction.

2. Experimental setup

A detailed description of the liquid metal looptadted on ISTTOK to inject gallium at
the plasma edge has been donginFig. 1 shows details of the implemented setup in
the vicinity of the plasma—jet interaction regidine jets are generated by hydrostatic
pressure, have a 2.3 mm diameter and a 2.5 m/sviédoeity. The liquid metal injector
has been built from a 4tainless steel pipe reduced to a suitable shamingle and
allows the positioning of the jet inside the tok&nchamber, within a 13 mm range

(59 <r <72 mm). The pressure required to generate #estadrtical jet is generated by a
1.3 m height liquid metal column. The setup paramsehave been chosen to ensure a
13 cm break-up-length (continuous part of theljefpre its spontaneous decomposition
into droplets, due to Rayleigh instability). A détd characterization of the produced jets
Is presented ifB].

= Full-size imagg43K)

Fig. 1. Schematic cross-section of the implemesgtdp in the vicinity of the plasma—jet
interaction region.
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3. Influence of a gallium jet on ISTTOK plasmas

One of the objectives of this work was to assesddhsibility of tokamak discharges
interacting with gallium jets and studying theiflirence on the plasma parameters.
ISTTOK tokamak is equipped with one fully poloidmhphite limiter (FPL) placed at

r = 85 mm radius which acts as the main limitingace during the operation with the
gallium jet. A comparison of the main plasma par@mseyVqop, |, ne), for consecutive
discharges, with and without liquid metal jetshie thamber has been performed with
injection at several radial positions< 60, 65 and 70 mm). Typical results, including th
radiated power in the UV and visible range, arexshm Fig. 2, for an injection position
of r = 65 mm. In this figure radiation losses data wasasured by silicon p—n bolometers
(IRD Inc. AXUV100 bolometer, integrating light fromto 100 nm for UV band, and

IRD Inc. UVG100 for the 300 to 900 nm range foriblis) oriented along a vertical
viewing cord looking towards the chamber centerlacdted at a toroidal angle & ¢

et + 195°. Those measurements clearly show that trerao significant changes in the
discharge parameters, particularly in the radig®sler demonstrating only a weak
interaction between plasma and gallium. The gopdoducibility observed from
discharge to discharge does not seem to indicsignéicant increase in the plasma
impurity content or a contamination of the ISTTOamber. No evidences of disruption
induced by liquid metal had been noticed duringetkigeriments even in the presence of
macroscopic size-(1 mm radius) gallium droplet in the dischat@g

e+« Full-size imagg60K)

Fig. 2. Main plasma parameters and radiated poweati§charges with and without
gallium in the chamber.

In spite of these observations, the release oiugaltiue to the plasma-liquid metal jet
interaction has been clearly identified lookingled plasma emission in the spectral
region close to a characteristic wavelength of éhament Eig. 3). This spectrum was
obtained using a ¥2 m imaging spectrograph. Theciidin optics for this diagnostic was
based on a single lens objective that focusedtradianto a multichannel fiber input and
emitted from a region-(5 x 1 cnf effective area) of the poloidal plane where thiiuga
injection was performed. In this measurement theeplation was done along a viewing
line tangent to the plasma, in the equatorial pkamedirected towards the jet position.
This diagnostic was able to provide additional infation on the gallium and gallium ion
species spatial distribution inside the plagi#jaFig. 3shows that the presence of the jet
in the chamber generates a pronounced increake spectral line emission. This
increase is obviously due to the penetration dftgalin the plasma that is rapidly
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ionized, close to the jet surface, to higher iotirastages (Ga, Gand G&' ionization
potentials are respectively: 6.0, 20.5 and 30.7 &¥§ attempts to acquire spectra like
the one shown iftig. 3 from a viewing window located &t= #;e; + 135° have proven
themselves to be unfruitful since the intensitgallium (either neutral or ionized) lines
were lower than the sensor detection limit. In eage the obtained results seem to
indicate that the influence of the liquid metalgetthe plasma appears to be only a local
perturbation since it is only observable at theppition without any strong signals of
plasma performance deterioration. The main reasothis observation is thought to be
related to a reduced amount of gallium being relédsom the jet surface, either by
evaporation or sputtering, during the plasma—jeraction in ISTTOK, when compared
to other impurity sources. This is indeed confirnbgdhe fact that there is no significant
increase in the radiated power in UV band wherhtgkest intensity gallium ions line
emission occurs in this spectral reg[@0].

o | " szl

42514262 Gal

Imieresity, 0.
& ]

md A3 Gal

L ] . J . Luau:f:.u
“ o m “  Full-size imagg6K)

Fig. 3. Plasma emission spectrum around 420 nm.

4. Gallium jet surface temperature increase analysis
4.1. Evaluation of the gallium jet surface temperatre increase

The release of gallium from the jet surface canlieeto both particle sputtering and
evaporation. The jet is heated during its exposupasma and this increase in
temperature is the main aspect that influencesvhporation rate. The temperature rise
in a planar surface submitted to a power flux dgregt) can be written using the well-
known expressiofiL1]:

1) r _
AT(l) = —— / W) gy

) \'rf'?-fpl.{_.pf\_ 0 \,_-'"IF
whereCp is the material specific heatjts density and its thermal conductivity. This
equation is valid provided the heated object thedanis greater than the thermal
penetration deptbsyin = N(xthealpCp) Wheretheais the heat deposition time. This
condition is verified in our case since for a gatlijet in a 30 ms discharge,
dskin = 0.64 mm (%ier = 1.15 mm), assuming thag, = 6095 kg/m, kga = 31.7 W/m K
andCpga= 380 J/kg K. It is possible to obtain the expddemperature increase of the
gallium jet surface, while passing through the champrovided the heat fluxes along its
path are known. These parameters have been measul8d@ TOK using a copper probe
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[7]. The heat flux profile shown iRig. 4(a) was obtained for 9 kW power input ohmic
discharges. It is possible to integrate 8q.using the best fit function indicated in this
figure and performing the variable transformatiors \(Z+0.06)—\((zg*Viet)*+0.06),
wherez is a coordinate along the jag,the position of an element of fluid,tat 0 s, and

it is assumed that the injector is ata60 mm. Since ISTTOK discharge is short
duration the effect of the gravity acceleration aasnall contribution to the change in the
position of a gallium element of volume presenthi@a chamber and, for simplicity, has
been disregarded. The results of these calculataris kW discharges and several flow
velocities are presented kig. 4(b). It is seen from this figure that the maximum
expected temperature increase on the jet surfad8;TiTOK experiment, is about 98 °C.
Since at the input the liquid metal is at 75 °@, thaximum temperature it could reach
would be 173 °C, for which gallium still has a leapor pressure-(10 22 mbar!). It is

also important to stress the behavior of the japterature as the flow velocity changes:
as expected there is a clear decrease on the hogtal surface temperature when
velocity increases.

,:,:' B A

+ Full-size imagg13K)

Fig. 4. (a) Measured plasma heat flux profile @ laV ISTTOK discharge and (b)
calculated temperature increase on the jet's seirfac several flow velocities, in a
16 kW discharge.

4.2. Gallium droplets surface temperature monitorirg by infrared
sensor

The emission of infrared radiation has been sutaigsised to measure the temperature
of liquid lithium surfaces in FTU tokamdk2]. A HgCdTe infrared sensor, with a

6.7 um cutoff wavelength, is being used in ISTTOK to monthe radiation emitted by
gallium droplets, after liquid metal interactiontivithe plasma, aiming at studying the
power exhaustion capability of such thin jets. Meaments are performed at the
viewing window schematically represented on thedopart ofFig. 1. The observation
direction is perpendicular to the poloidal planeféct perpendicular to the direction
represented ifig. 1). At that distance from the chamber48 cm from the equatorial
plane) the gallium jet is already in droplet forndahas reached thermal equilibrium
since heat propagates about 3 mm (> droplet rabefeye reaching that viewing cord.
As such, the average power extracted by the gajitman be deduced from the specific
heat definition by:

(2)
g = mCpq, AT

LU Fizikas institits — 2009



wheredis the average input powefijs the liquid metal mass flow rate and is the
temperature rise, which is intended to be measaréds experiment. A germanium
meniscus lens, with broadband antireflection cgat?b.4 mm focal length and 24 mm
diameter was used to focus the radiation emittegabyum droplets on a 1 mm core
diameter silver halide optical fiber which, in tutransmits the radiation to the
cryogenically cooled (78 K) sensor.

Measurements with the mentioned device have prduide results shown irig. 5

These were obtained, with the collection lens 85 amvay from the droplets position.
Each one of the spikes shown in the curvesiof 5 corresponds to single droplets. The
gray curve irFig. 5is a reference shot (no gas) showing the drogleaor without
plasma. This has been obtained with gallium injeato = 68 mm. This shows that there
is a small tilt in the injector direction sincestiould be centered at= 60 mm
(Nonetheless it should be stressed that this quorats to an angular shift less than 0.9°).
Another important outcome of the measurements jmmddarom the analysis ¢fig. 5 is
that the jet suffers a small (<10 mm) radial disptaent due to the influence of the
plasma. This is noticed since the droplets arehsérved prior to the shot (black curve
in Fig. 5 injector atr = 60 mm) and they appear in the collection o8/ during the
discharge time (with the corresponding delay). Pxesly acquired movies of the jet
inside the chamber, during its interaction with pfesma, have not put this fact in
evidence since at this location the shift is to@kmno be clearly identified. The observed
increase in the signal amplitude, when compardhdeshot without plasma, could only
be related to an increase in the gallium jet teauoee. It is not possible to provide a
value for this parameter since its measurementnesja calibration procedure of the
detector which is under development. But it is Wwgitio mention that for both curves, in
Fig. 5 gallium at the injector output was at a temperatlose to 75 °C. Unfortunately
the sensor response is not lingit] and this value is not enough to obtain the drsplet
temperature increase due to the plasma interadtioslow signal amplitude obtained for
the data presented kig. 5(a few mV) is related to two factors: (1) the lgoltage

output of the infrared sensor was connected diréctthe tokamak data acquisition
system, without being amplified and (2) the semesponse was not the most
recommended for the temperature range under coatime A new three-channel
infrared sensor is planned for future measurementag a more sensitive detector
(suitable for lower temperature values, cutoff wargth of 9um) and higher spatial
resolution which will allow following the motion dhe gallium droplets along the
referred radial displacement.

—— jet 8 =60 mm, shot 15485
-1 487 -

EFLTY l;l:ll-\.-‘“_‘u“ e

sigral ampditude W)
-

o 40 [ TR TR T FU”-Size |maqq35K)

time ims)

Fig. 5. Signal from the infrared sensor with anthaut plasma.
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5. Summary

The interaction of the liquid gallium jet with ISOK plasmas has no significant effect
on the discharge behavior and no severe effectseomain plasma parameters. The time
evolution of visible radiation from gallium charadstic spectral lines close to the jet and
at one toroidally symmetric position shows thaspia-liquid metal interaction has only
a local effect. This work proved the technical fbgisy of gallium jets interacting with
plasmas. Although the expected temperature incr&fabe jet surface had been
estimated, the experimental measurements stiliregn ongoing calibration procedure
to provide further insight in the jet power exhamstcapability.
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Titana razoSanas tehnolgijas izstradaSana, [@zejoties uz savstarg@ju tit ana
tetrahlorida un metliska magnija tvaiku savstarpeju mijiedarb 1bu

Sobid pasawl metlisko titanu raZo, izmantojot garu unamju razosanas
procesu. Tas paredi kzejvielu izmantot tiina idu, starpposmrazojot tiina sikli.

Tradiciorila titana razoSanas pamat titana tetrahloida reakcija ar magniju:
%TiCI4 +Mg - %Ti +MgCl,
94,86 + 24,32 -> 23,95 + 95,23 (molakuasas)

Rapnieaba tiek izmantotas ielttas, kuru raiba viena cikla laik sasida 3-5
tonnas tiina. DaZdas ieldrtas var af§irties ar neliedm tehniska rakstura niagm, bet
visu ielartu pamai ir sekojoSas galveas sastvddas un mezgli: kisns, reaktors /retorte/,
titana tetrahlaida ieva@Sanas mezgls, magnija ievaanas mezgls, magnija iziadnas
mezgls, & ai razoSanas procesa kontroles un reganas aparata.

RazoSanas process sastno atsevikam opeacijam, kuras athrtojas kata
atsevika cikla. Herntgtisku reaktoru /retorti/ ievieto uzka&ts krasri, atvakuund un

uzpilda ar neittlu argona @zi, pievieno migtos uzpildSanas mezglus. Reaktoru uzpilda

ar noteiktu magnija daudzumu, uzkailsdz temperatrai 800-850°C un ievada dia
tetrahlordu. Procesam beidzoties retorti atdzegcd no kiasns un nodod akosSai
opegcijai, proti, iedito titana $ikli atdala no magnija un himfa paliekm to sepagjot
vakuuma apgklos. JiatZime, ka procesa gaitstingri jaseko temperatas rezmam
reaktof, jo pie augstm temperatram titans un dzelzs /Fe/ veido sakausnu ar kuSanas
temperairu 1085°C. Tas var izsaukt reaktora sienia®eos, kas savak var novest
pie awrijas.

* Apskattais titana iediSanas process ir ciklisks um praktiska realiZcija izsauc
nopietnas n&tibas.

* Ari piecivata razoSanas prock&a izejviela tiek izmantots tina tetrahloids un
magnijs, tikai tiina tetrahloids tiek reduéts ar magniju speglia ar niobiju
plakéta reaktoh /retore/ - bet jau migto komponensu tvaiku atoki.

» Piedivata projekta galvenais @nkis ir izstiadat nemrtrauktu tiina stieu
iegaSanas metodi un eksperim@énparadit tas realizcijas tehnisku iesgu.

e Dotais paeémiens ( metode), redgot titana tetrahloidu ar magniju to tvaiku
stavokIi ietver:

0 temperairas uztugSanu reaktora reakcijas zZomugsik par meiliska
titana un metla-reductaja variSaras temperatru, pie kam akoSaj etap
/ja projekta rezuiiti bas pozitvi/ ir paredzts reaktoru izveidot elektrisk
loka krasns veid;

o titana tetrahloida un metliska magnija vienlaitgu padevi uz reaktoru
reakcijasistenoSanai, uzturot nafisko titanu vai meidliska titana un
blakusproduktu sakagsimu izkausta veida;

o0 metliska titana sagkSanu reaktora apakd daa.

Eksperimentalais stends
Magnija iztvaikoSanas tempeiigd ir pari par 1100°C, pie tam #iha tetrahloida
un magnija reakcija ir eksotermiska un tempeeateaktof var @rsniegt 1400°C. dpec
reaktoru ir fizgatavo no karstumiztiga matefila. Piedvataja konstrukcif reaktors
izgatavots no niobija - cirkonija sak&jiema, fig.1. Galvea probEma bija nodroSiat
reaktoram vakuuma apglus. Citiem vrdiem, reaktors bija ajevieto spedla no
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nertisgjoSa trauda izgatavatkorpus, kura tilpums ir piepiltts ar inerto azi, vai af no
ta izsikneta atmosgra /gaiss /.

Reagentu padeves
komunikacijas

Reaktora modia
korpuss

Fig. 1.
Reaktora modelis

Eksperimertlais stends, kura galvenie mezgli ir magriijgelis ar izkaustu
magniju, tiina tetrahloida trauks , magnija hlata trauks reakcijas produktiem , hta
tvaiku tilpums, reaktora korpuss un vakuuikrss ir paadits fig.2., bet stenda princija
shema, fig.3.

Darbi ar regentiem pie tam pie tempefigdm 1200 — 1400€ prasa noteiktu
piesardzbu un tika veikti izadta telpa apiikota ar specventikiju un specagerbos.
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Eksperimentalais stends
1- magnijaigelis; 2- tiina tetrahloida tvertne; 3- magnija padeves komuagifas;
4- titana tetrahloida padeves komurikijas; 5- reaktora moda aizsargapvalks;
6- kondensators
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LU Fizikas institata dzivsudraba
laboratorija

Mercury laboratory at Institute of Physics
University of Latvia

Total area of Mercury lab 1400 sgm

Mercury laboratory at Institute of Physics
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Experimental hall of Mercury laboratory

Mercury traps Power units

Ventilation
system

Vacuum system
Control room

Compressor
room

Changing rooms

Shower facilities

Principal layout Spallation Neutron Source (SNS)
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Tests of 130" bend target

Principal diagram of ESS target Hg-He loop
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PRINCIPLE SCHEME OF MERCURY PURIFICATION STAND

i i -

1 3 e = ek
- aquiprnent fo o 7 - cicciiubo = .
s

STAND IN THE Hg LABORATORY OF THE INSTITUTE OF PHYSICS
Quantity of Hg under cleaning, kg - 50
-90

Time of cleaning, min to 30
Wi N - 380, 220
Active powsr, kKW =25
Mass, kg ~ 400
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In this paper we present the results of our numerical and experimental investigation of thermomagnetic
convection in a temperature sensitive ferrofluid under the influence of strong non-uniform magnetic
field. The convection is studied in a rectangular cell with permanent magnets attached to the cell walls.
When the cell is heated from below, the observed intensification of heat transfer is significantly higher
than that in the case of simple thermogravitational convection. The predictions of the numerical simula-
tions are compared with the experimental results with good correspondence.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Ferrofluids are stable colleidal suspensicns of nanoscale ferro-
magnetic particles suspended in non-magnetic carrier, usually
water or organic oil. The diameter of nanoparticles is ca. 10 nm.
In order to prevent coagulation, the particles are sterically stabi-
lized with layers of the surfactant. Due to their composition, such
fluids exhibit superparamagnetic properties, which introduces into
conventional transport processes an additional control parameter
- the magnetic field, leading to appearance of new interesting
effects.

The temperature dependence of magnetization causes appear-
ance of a non-uniform body-force in differentially heated volume
of ferrofluid, subjected to externally applied or internal magnetic
field gradients [1]. The resulting convective motion - thermomag-
netic convection - is in many ways similar to the thermogravita-
tional one. In order to achieve high magnitude of driving force
and intensive convection, special temperature-sensitive ferrofluids
with high temperature dependence of magnetization as well as
strong magnetic field gradients should be used.

The practicalinterest in thermomagnetic convectionis motivated
by its high potential for small scale cooling devices. The cooling of
hot surfaces is an outstanding problem in a wide range of engineer-
ing and electronics applications. In most cases the classical gravity
convection is unable to sustain adequate heat transfer efficiency in
small scale setups or reduced gravity conditions, therefore forced
convectionis used in most technical applications. On the other hand,
in strong magnetic fields the intensity of thermomagnetic convec-

* Corresponding author. Tel.: +371 67944664; fax: +371 67901214.
E-mail address: dmitrijs.zablockis@gmail.com (D. Zablotsky).

0017-9310/$ - see front matter @ 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ijheatmasstransfer. 2009.08.001
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tion can significantly exceed that of the pure thermogravitational.
Compared to active setups currently employed in electronics, the
relative simplicity of passive thermosiphon type ferrofluid cooling
devices, based on self-regulating and self-sustaining nature of the
thermomagnetic convection, and the absence of moving parts make
it a highly interesting topic.

Since the prediction of Finlayson [2] of a novel convective insta-
bility in ferrofluids, leading to the thermomagnetic convection, a
significant number of theoretical and experimental investigations
have been performed in this area related to different geometries:
Rayleigh-Bernard configuration, rectangular enclosure [3], cylin-
der [4-6], cube [7], partitioned cavity [8], etc. - and magnetic field
configurations - homogenous distribution, constant field gradient
[9], field of a line dipole [10] and others - confirming that the in-
crease of convective heat transfer efficiency takes place under
the applied magnetic field. Several attempts have been made to ap-
proach efficient cooling based on the ferrofluid convection both
with magnetic coils and permanent magnets. Nakatsuka et al.
[11] have investigated heat transfer characteristics of a heat pipe
containing water-based magnetic fluid and measured 13% increase
of heat transfer efficiency caused by non-uniform magnetic field.
Yamaguchi et al. [12] numerically and experimentally investigated
thermomagnetic convection in a rotation disk and came to a con-
clusion that vortexes impede convective heat transfer at high mag-
netic fields. Fumoto et al. [13] and most recently Li et al. [14,15]
have thoroughly characterized the performance of a permanent
magnet based miniature convection loop filled with temperature-
sensitive ferrofluid, confirming the characteristic features of the
thermomagnetic convection - stability and self regulation. For
additional effect, in the latter work the Curie point of the ferrofluid
was tuned to be within the operational temperature range.

46



D. Zablotsky et al /International journal of Heat and Mass Transfer 52 (2009) 5302-5308 5303

Nomenclature

Cp heat capacity at constant pressure (] kg=! K=1) Re Reynolds number

d diameter of the cylindrical heater {m) Rm magnetic Rayleigh number

f Kelvin's force (N) S heater surface (m?)

g gravitational acceleration (m s=2) t real time (s)

H magnetic field intensity (H m™") T temperature (K)

i magnet shift (m) Tref reference temperature (K)

I current to the heater (A) u vertical flow velocity {ms™")

ke Boltzmann constant (=1.38 x 10723 K1) U voltage on the heater (V)

I length of the heater (m)

L characteristic distance (m) Greek symbols

m magnetic moment of the ferroparticle (A m?) o convective heat exchange coefficient (W/m? K)

M magnetization (Am™!) B pyromagnetic coefficient (K1)

Myer reference magnetization (A m™!) Br thermal expansion coefficient (K~1)

Ms saturation magnetization (A m™!) 7 dynamic viscosity of the working liquid (N s m=2)
Nu Nusselt number A thermal conductivity of the working liquid (W m~! K~1)
Pr Prand] number Lo vacuum magnetic permeability (=47 x 10~ Hm™")
q heat flux density (W m™2) v kinematic viscosity of the working liquid (m?s~1)
Qo heat flux density through the heaters surface (W m~2} P solvent density (kg m~?)

Ra gravity Rayleigh number @ particle volumetric concentration

The main challenge in designing a cooling device, based on the
thermomagnetic convection, is achieving sufficiently high efficien-
cies of heat transfer, which requires special ferrofluids with high
temperature sensitivity of magnetization. Prospective candidates
for heat transfer applications are ferrofluids based on Mn-Zn nano-
particles, characterized by higher value of the pyromagnetic
coefficient than widely used ferrite ones [16].

In this paper we report the results of our investigations of ther-
momagnetic convection in a rectangular convection cell filled with
a temperature sensitive ferrofluid containing Mn-Zn nanoparticles.
The aim of our research is to determine the intensity of convective
motion and sustainable efficiency of the heat transfer due to ther-
momagnetic convection caused by sufficiently strong magnetic
field. The experimental results are complemented by the numerical
simulations.

2. Setup

The thermomagnetic convection has been investigated in a
rectangular ferrofluid cell, made from plexiglass (Fig. 1) with
dimensions 100 x 15 mm and 150 mm in height.

From both sides the cell is enclosed by strong permanent
magnets 50 x 100 mm, begirded with a magnetic circuit. Two thin
non-magnetic rigid ribs, positicned along the sides of the magnets,
separate the central part of the cell. In order to reduce the heat loss ‘—::’_:§
from the large sidewalls, the cell is put in the plastic foam.

The working medium is a temperature sensitive ferrofluid DF- Fig. 1. Schematic view of the convection cell.
67K with Mn-Zn nanoparticles suspended in tetradecane.
Magnetic granulometry measurements [5] at different tempera-
tures have shown almost linear dependency of the magnetization
in a wide temperature range between 20 and 250°C and large
value of the pyromagnetic coefficient. The main physical parame-

Table 1
Parameters of the ferrofluid DF-67 K.

ters of DF-67K and its solvent are summarized in Table 1. The Haremerey Value Units
temperature gradient, necessary for appearance of the thermomag- Sclvent density 976 kgm *
netic convection, is provided by the water reservoirs with constant SDy“a,g“ch‘”stw“W - (2)']0;)5 JPiS g
pecific heat capacit g
temperature, placed at the upper and 10\_Ner ends_and separat_ed Tl Cpemee @it 633 %10 * K1
from the surface of the cell with two semi-conductive 2 mm thick Thermal conductivity 0.14 Wm 'Kt
plates. The volume of ferrofluid is heated from the bottom and Farticle diameter ~10 nm
cooled from the top. Volumetric concentration 6 %
: : : Saturation magnetization 12 % 10% Am!
The applied magnetic field, provided by the permanent magnets, e e s iy K1

has been measured in the mid-plane of the convection cell along
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direction of the vertical axis of cell in three locations: at points A {at
the center, x=0mm), B (along the side-edge of the magnet,
x =25 mm) and C (x = 40 mm). The results together with composed
distribution of the magnetic field in the cell are shown in Fig. 2.

The strongest magnetic field in the cell volume between the
poles is 640 kAm~", and its vertical gradient at the edges of poles
is approximately 25,000 kA m~2 The vertical separating ribs pre-
vent the flow of fluid in lateral direction, effectively forming a ther-
momagnetic pump.

3. Numerical simulation

3.1. Governing equations

The external magnetic field in question is sufficiently strong to
be considered constant, and all perturbations due to the ferrofluid
motion can be neglected. The magnetic force, acting on the differ-
entially heated non-conducting magnetic liquid, is described by

Kelvin's body force:
f= 1, (MV)H (1)=

The magnetization of the ferrofluid is temperature-dependant.
Introducing the linear equation of state:

M(T) = Myes (1 = Bon (T = Tr})

1 oM
where g, = M_“f%‘[ﬁf

magnetization has been calculated according to the single-parame-
ter Langevin approximation:

2)=

is the pyromagnetic coefficient. Reference

1 1 H
Mg = @Ms - L) 1(E) = oo =g ave =H 3)—

The flow of the magnetic fluid is governed by the incompressible
Navier-Stokes equation, continuity equation and temperature
equation without viscous dissipation. We have used the Boussinesq
approximation and linear equation of state for the temperature
dependence of density:

P = Prop(l = BrlT = Toep)) =

Without the magnetic field, a convective motion in the cell can take
place only due to huoyancy effects. In this regime the gravity Ray-
leigh number

{4)—

-0.05
-0.025

0.05 0.05
0.075

Fig. 2. Measured and reconstructed distribution of the magnetic field provided in
the cell by permanent magnets.
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_ poL’AT
= —W
is much less than critical value for the onset of turbulence, therefore
laminar convection takes place. This type of convection can be sim-
ulated directly within a reasonable timescale with conventional
DNS approach.

By analogy with the thermogravitational convection, the mag-
netic Rayleigh number is introduced for the thermomagnetic
convection

Ra brpg o)

3

= PG A0 CP;LM UofnMVH
When a temperature sensitive ferrofluid is subjected to a strong
magnetic field gradient, the magnetic Rayleigh number even for rel-
atively small temperature differences proves to be orders of magni-
tude larger than the gravity Rayleigh number, and exceeds the
critical threshold for the onset of turbulence. With the present set-
up at temperature difference 20 K a conservative estimation gives
Ra=5x 10° and Rm = 5 % 10°%

In order to simulate turbulent convection we have used RANS
equation solver implemented in ANSYS CFX with SST k-w two-
equation closure model.

The magnetic force was introduced via momentum source -
this approach has been thoroughly validated by Snyder et al. [17].

Due to non-steady nature of thermal and thermomagnetic con-
vection, transient simulations are required. All calculations were
started from zero-velocity initial conditions and advanced with
the time step varying from 0.1 to 50 ms. Transient averaging of
velocity and temperature fields has been performed in order to dis-
tinguish convective patterns after averaged heat flux through the
ferrofluid cell reached equilibrium. All parameters have been var-
ied with the applied temperature difference 20 K, except when
the temperature difference was changed itself.

Rm

6]

3.2. Results

Calculated averaged velocity and temperature distributions in
the ferrofluid cell at temperature difference over the full height
of magnetic fluid volume AT = 20 K, heated from below and cooled
from above, are shown in Fig. 3a. The structure of the flow and po-
sition of the circulation areas are similar to the ones observed at
lower Rayleigh and magnetic Rayleigh numbers in a laminar re-
gime. The inner section of the cell between the areas of largest
magnetic field gradient is occupied by two {considering symmetry)
large recirculation areas, whereas smaller circulation areas are
present at the lower end of the separating rib and in the upper cor-
ner of the cell.

The temperature distribution corresponding to this case is pre-
sented in Fig. 3b. The inner section of the convection cell between
the separating ribs is cccupied by a downgoing flow of slightly
colder ferrofluid sucked in by the magnetic field. The warmer fluid,
heated at the lower surface, is pushed out of the magnetic field to
the outer section of the cell, where it rises along the sidewall due to
buoyancy forces.

The averaged velocity profile in the middle of the cell between
the separating ribs is shown in Fig. 4. The length-average absolute
velocity across the profile is approximately 21 mm s~ . This value
will be compared with the experimental results of hot-wire
velocimetry.

Another interesting case is when the applied temperature gra-
dient is oriented upwards. In this case the ferrofluid in the convec-
tion cell is heated from the top and cooled from the bottom, and
the thermomagnetic convection is not aided by buoyancy. Calcu-
lated averaged streamlines with the temperature difference 20K
are shown in Fig. 5a, and the corresponding temperature contour
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a b c
Fig. 3. Calculated averaged velocity and temperature distributions with tempera-

ture difference AT =20 K: (a) averaged velocity vectors (b) streamlines (¢) temper-
ature distribution, heated from below.

plot in Fig. 5b. The structure of the flow is very similar to the case
of temperature gradient oriented downwards, which means that
the characteristic features of the flow are determined actually by
the magnetic field, and the thermogravitational convection plays
a secondary role, as it follows from the estimated ratio of thermo-
gravitational and thermomagnetic Rayleigh numbers.

Additional calculations at other temperature differences have
been carried out. Increasing the applied temperature difference be-
tween the bottom and top surfaces of the ferrofluid cell to 40 or
80 K splits and suppresses the circulation areas in the inner section
of the cell and expands the one near the lower end of the separat-
ing rib {Fig. 6).

The temperature profiles in these cases are very similar to the
ones at 20K and are not shown.

The heat transfer efficiency of convection can be characterized
by the Nusselt number as a ratio of heat flux through the ferrofluid
cell due to convective motion to the one due to heat conduction.
We use the relative Nusselt number Nu/Niy instead, defined as a
ratio of heat flux through the cell due to thermomagnetic convec-
tion to the heat flux due to the thermogravitational convection
only, averaged over sufficient time interval. The dependence of

40

27T 20

% O 20

V,, mm/s

- 0 -40

£0

80

Fig. 4. Averaged velocity prefile aleng the midline of the cell between the
separating ribs.
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Fig. 5. Calculated averaged velocity and temperature distributions for temperature
difference AT=20K: (a) streamlines (b) temperature distribution, heated from
above.

the relative Nusselt number on the applied temperature difference
is shown in Fig. 7a.

The heat transfer efficiency slightly decreases with increasing
the heat load on the ferrofluid cell. Such an effect may exist due
to the change of flow regime at higher applied temperature differ-
ence: under action of the magnetic field a transition to the turbu-
lence takes place, leading to different scaling law.

In order to determine the optimal position of the magnetic
poles, additional series of calculations has been performed with
different magnetic field shifts along the axis of the cell (y-axis), rel-
ative to the symmetrical placement. The dependence of the relative
Nusselt number on the position of the magnets b’ is shown in
Fig. 7b. The heat transfer efficiency is significantly increased if
the ferrofluid is heated in the area of maximum field gradient.
The maximum intensification of convective heat transfer in this
series, when the magnet is shifted 20 mm downwards, is approxi-
mately 2 times. Further shifting of the magnetic field was pre-
vented by the experimental setup.

4. Experiment

Experimental setup is shown schematically in Fig. 8. In experi-
ments the temperature gradient in semi-conductive 3 mm thick
plates, which are placed between convection cell ends and
warm/cold water reservoirs, is measured. From these measure-
ments the heat flux density g through the plates is calculated,
which leads to obtaining the convective heat exchange coefficient
between working liquid and the plates in upper and lower ends of
the cell: « = g/AT. Experimental setup allows the shift of magnets
up and down along the convection cell to search for the best inten-
sification of magnetoconvection by changing heating/cooling ratic
at the edges of the magnets.

Experimental results are collected with the aim to compare
them with Fig. 7a and b. The only dissimilarity is using the heat
exchange coefficient o, which seems to be preferable by its simple
measuring technique, instead of Nu.
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Fig. 6. Calculated averaged velocity: (a) streamlines at AT = 10K (b) streamlines at AT = 20 K (c) streamlines at AT= 40K (d) streamlines at AT = 80 K, heated from below.
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Fig. 7. Intensification of convective heat transfer through the cell (a) at various temperature differences, ' =0 (b) shifted positions of the magnetic field, AT= 20K
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Fig. 8. Experimental setup.

Fig. 9 shows the relative heat exchange coefficient afx, as a
function of AT with three magnet positions. The temperature dif-
ference AT varies with the magnet shift i’ because the experiments
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Fig. 9. Measurements of relative heat exchange coefficient ¢/ vs. the temperature
difference AT with three magnet positions fr’.
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are performed at certain temperature difference between the hea-
ter and the cooler. Obviously, one must subtract the temperature
differences on the semi-conductive plates {~10 K) to obtain AT.
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In order to save hermetism of the convection cell at acting ther-
mal expansion stresses, in experiments the temperature difference
is varied only in a short range, 10 K. It makes no sense to try to ob-
tain curving of a very slight slope within inherent experimental
accuracy, therefore taken dependences are linearized.

The difference of the heat exchange at warm and cold ends of
the cell can be explained by heat loss through the quite large cell
sidewalls. Indeed, the temperature of the laboratory room 15 °C
is much closer to that of the cold end 10 °C. During experiments
the cell has been put into plastic foam, but as a matter of fact it
avoided this effect only partially.

By analogy with Fig. 7b in the theoretical part, Fig. 10 shows
determined relative heat exchange coefficient o/o vs. the magnet
shift b’ at fixed temperature difference AT=20K.

In Fig. 10 it is clearly seen how strong the heat exchange coef-
ficient depends on the magnet position. More efficient turns to
be lower placement of the magnets i’ < 0, i.e. the magnetic field
nearer to the warm end {for the present setup the range of magnet
shift is +20 mm). We get maximal value of the heat exchange coef-
ficient otmey = 47 W/m? K at the warm end, when the magnets are
maximally shifted downwards. In the stationary state of this
experiment the heat flux density on the warm (i.e. cooled) surface
reaches 750 Wm 2,

Additional series of measurements regard the small cylindrical
heater of diameter d = 4 mm, which is placed horizontally between
the separating ribs in the middle of the cell. The length of the hea-
ter, as well as the distance between the ribs I= 50 mm matches ex-
actly that of the magnet, see Fig. 8. The voltage and the current of
the heater are measured with a high accuracy. From these mea-
surements the ohmic resistance of the heater is calculated to find
out the temperature of the heater body. Also the density of dissi-
pated power through the heater surface can be easily calculated:

ur
Gy =2 7
w
The governing equation of the laminar flow allows to calculate ver-
tical flow velocity u of the working liquid around the cylindrical
heater [18]:

.
Nu = 0.664vRe Pr,f

where the Reynolds number Re = m duj2v includes searched velocity
u, and the Prandl number Pr = pc,v/A. In contradistinction to the rel-
ative Nusselt number, used in the theoretical part of the paper, Eq.
(8) considers the conventional Nusselt number Nu = q,d/iAT,,
which is calculated from experimental data U, [, 4T, by Eq.(7). Note
that AT,, is the temperature difference between the surface of the
heater and magnetic fluid at the middle of volume.

]
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Fig. 10. Dependence of relative heat exchange coefficient a/xo on magnet shift:
h’> 0 means the magnet shift upwards, h'=0 is the central magnet position (as
shown in Fig. 8).
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Vertical flow velocity measurements have been carried out at
zero and non-zero magnetic field. Obtained absolute Nusselt num-
ber turns out to be rather independent from dissipated electric
power of the heater 5, 10 and 15 W. Obtained results are shown
in Table 2. The second column of the Table 2 displays velocity of
the working liquid around the heater, calculated by Eq. (8). For
the corrected main velocity (the third column) the diminution of
cross-section of the cell due to the heater body is taken into ac-
count: from the flow continuity su = const one should reduce the
velocity away from the heater by a proportion of corresponding
gap widths {(mm): (15 — 4){15.

5. Discussion

The main subject of discussion is the accordance between re-
sults of numerical simulation and experimental work, which turns
out to be rather good. Let us compare numerically simulated Fig. 7a
and b with experimentally obtained Figs. 9 and 10. The effect that
lower temperature difference gives more magnetic intensification
related to zero field experiments, is shown In Fig. 7a with Ni/Nug
as well as in Fig. 9 with «/ag (the case h' = 0). For the case h'=0
Fig. 7 gives the increment of intensification of ~4% with respect
to changing AT from 20 to 15K From experimental results
(Fig. 9) one obtain ~5% at the warm end and 1-2% at the cold
end. These results seem to be correct by taking into account non-
symmetrical heat loss through the sidewalls of the cell.

Second point is to compare Fig. 7b with Fig. 10. Numerical sim-
ulaticn gives the relation Nu/Nug vs. the magnet shift h’ (mm) to be
quite constant within the range —20<h <0 and equal to
—0.05 mm™. Experiment provides with oz, vs. the magnet shift
R’ that also is rather constant from —20 mm up to at least 0 mm,
and farther up to 20 mm only a little less. Paying attention to the
range —20 to 0 mm, experimentally obtained slopes /o vs. B’
fmm) are —0.13 mm~! at the warm end and —0.03 mm™" at the
cold end. As in the first comparison, the numerical estimation is
between experimental ones at both ends. Although, quantitatively
in the experiment the warm end exhibits 2-3 times larger sensitiv-
ity to the magnet shift than the numerical estimation. The main
reason may be that theoretical model deals with simplified config-
uration of the magnetic field, moreover, Sy is ignored in the mag-
netic Rayleigh number Rm. That causes a larger discrepancy with
taking the magnetic field nearer to the heater.

At the end, the value of averaged vertical velocity can be com-
pared. The result of numerical simulation is 21 mms~' with the
magnet position i’ = 0 (Fig. 4). Table 2 gives for that case the cor-
rected main velocity 20 2 mm s~'. Perfect accordance in such a
complicated both simulation and experiment might be taken
partly as an occasion, but as a matter of fact, the accordance in this
point is primely proved.

6. Conclusions

In a convection cell with attached permanent magnets the ther-
momagnetic convection may exceed that of thermogravitational

Table 2
Obtained averaged between the separating ribs vertical flow velocity (estimated
accuracy +2 mms ).

Experimental Velecity aleng the Corrected main
conditions heater (mms 1) velocity (mm s 1)
Zero-field 12 9

experiment
Magnet position 27 20

'=0mm
Magnet position 38 28

R=-20 mm
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many times. Efficiency of the thermomagnetic convection depends
on placement of magnets with respect to warm and cold ends of
the cell. Maximal thermomagnetic intensification is achieved when
magnets are placed as near as possible to the warm (cooled) end.

Comparision between numerically simulated and experimen-
tally obtained results proves to be quite successful. Results are
compared in three aspects: magnetic intensification as dependent
on the temperature difference, on the magnet shift, and averaged
vertical flow velocity. The accordance varies from perfect to 2-3
times quantitatively. In fact, the accordance between derivatives
of magnetic intensification on the temperature difference and on
the magnet shift cannot be given precisely. Due to technical rea-
sons the experiment provides short range of changing parameters,
so the accuracy of obtaining derivatives is of the same order as
comparison with the numerical results.

The applying of surface cooling based on the thermomagnetic
convection in technical use is under the question. Reached with
the present setup the cooling effect of 0.075 W cm~2 seems to meet
only low technical demands. The present work proves the finding
of Rosensweig [19] that a significant augment of the cooling inten-
sity by thermomagnetic convecticn can be obtained only in a case
if the heat source is located into the region of a maximal magnetic
field intensity, when the efficiency of power generation cycle
reaches its maximum.
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[l Apak3virziens
DegSanas procesu dinamikas igpe.
Eksperimentalas iekartas:

Magretiska lauka un liesmas virgplismas mijiedaribas eksperimealie petjumi:
1. lelarta ar pagivigo ¢etrpolu magatu:

Eksperimerlas iekarta pasiviga magatiska lauka un liesmas virgplismas
mijiedarlibas eksperimegligjiem Etijjlumiem atjaunojam kurinama degSanas
proceq; 1- koksnes gazifikors; 2- propna deglis kombiéta degSanas procesa
izveidei; 3.- primara gaisa padeves sprausla; 4.- tangddcekundra gaisa padeve;
5.- dzegjama sekciorta degSanas kamera gaistoSo savienojumu sadédra; 6.-
diagnostikas sekcijas liesmas vilplismas temperatas, atruma un sasva
lokaliem nerijumiem; 7., 8.- dzegama adens padeve kalorimetriskiem sarazot
siltuma daudzuma @&mjumiem daZdas degSanas procesaisiibas stadijs; 9. —
cetru polu pagivigais magsts liesmas un maghska lauka mijiedaribas
eksperimeriiajiem Etijumiem.
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2. ielarta ar elektromaggtu:

w
©OOLOOOE®

Eksperimeritlas iekirta maimima magitiska lauka un liesmas virgplismas
mijiedaribas eksperimeslgjiem pEtijumiem atjaunojam kurinama degSanas proces
1- pro@na deglis, 2- dzégama degSanas kamera; 3 - elektromégn4- diagnostikas
sekcijas.
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Eksperimerttlas ielartas daidu strukfiru atjaunojara kurinama degSanas
procesu ptijjumiem (sadariba ar VKKI):

1. Mazas jaudas eksperimaat iekarta daadu struktiru granuéta ligrina
degSanas proces@étpumiem:

Eksperimertlas ielartas Graatdis salmu un koksnes ligrs
digitalais foto

DegSanas produktu sash datorizta
registracija
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2. Eksperimerafais katls gzveida kurimma un daZdu strukfiru atjaunojara
kurinama lidzsadedzigSanai (patents):

Eksperimertlais katls; 1- kurtuve; azes deglis
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