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Misija

Latvijas Universitates Fizikas instittita (LU FI) misija ir iedibinata
vesturiski: zinatniskie petijumi magnétiskaja hidrodinamika (MHD) un ar to
saistitas zinatnes nozares un ar to saistitu pielietojumu realizéSana un art
jauno specialistu sagatavoSanu §ajas zinatnes nozarés. LUFI darbojas
kopgjies Latvijas Universitates misijas konteksta.

Latvijas Universitates Fizikas instituta isa vésture,

LU FI atrodas Salaspili, Miera iela 32. dibinats 1946.g. ka Latvijas PSR ZA Fizikas un
matematikas instittts, no 1950.gada Latvijas ZA Fizikas institiits, Latvijas Universitates
Fizikas instittts kops 1997.

Direktori: 1946-1948 N.Brazma ; 1948-1967 1.Kirko; 1967-1991 J.Mihailovs;
1992-1993 1.Bérsons; 1994-1997 O.Lielausis; 1998-2000 A.Gailitis.

Kops 2001.g. direktors ir J.E.Freibergs. Zinatniskas padomes priekssédetajs A.Gailitis.

Akadémiskais personals paslaik ir 48 (asistenti, ptnieki un vadosie p&tnieki), no tiem 6
habilitétie dokt., 35 doktori.

2006. gada 1. maija LU Fizikas instittts atbilstosi Likumam par zinatnisko darbibu
tika reorganizéts par LU agentiiru.
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LU FI darbibas 2010.gada pamatmerki ir sekojosi:

— Uzturét LU FI ka vadoSo pé€tniecibas centru magnétiskaja hidrodinamika un ar to
saistitas zinatn€s gan Latvija, gan Eiropa un izveidot LU FI par atzitu pétniecibas
iestadi Pasaules zinatniskaja telpa.

— Uzlabot sadarbibu ar LU Fizikas un matematikas fakultati zinatn€ un jauno specialistu
audzinaSana un ar1 ar radniecigam fakultatém RTU.

— Pastiprinat sadarbibu ar arzemju zinatniekiem jo seviski ar Francijas zinatniekiem, ka
ar1 ar Vacijas, Lielbritanijas un Niderlandes zinatniekiem. Veiksmigi uzsakta
sadarbiba ar Indijas zinatniekiem

— Turpinat stradat pie Ampéra iniciativas projekta realiz€Sanas.

Atbilstiba prioritarajiem virzieniem.

Materialzinatne (nanotehnologijas funkcionalo materialu iegiSanai un jaunas paaudzes
kompozitmateriali);

Energétika — videi draudzigi atjaunojamas energijas veidi, energijas piegades drosiba un
energijas efektiva izmantoSana.

LietiSko pétijumu virzieni: skidro metalu tehnologijas jaunas paaudzes kodolreaktoriem
un kodolsintézes reaktoriem (energijas razosanas un piecgades droSiba); MHD saules
energijas parveidotajs (videi draudzigi atjaunojamas energijas veidi); MHD tehnologiju
izmantoSana jauna veida metalu sakaus€jumu iegtiSanai (materialzinatne); magnétiskie
Skidrumi, magnétiska lauka izmantoSana nanoiericu vadiSanai, magnétisko paradibu un
kapilaro paradibu mijiedarbiba (nanotehnologijas funkcionalo materialu un ieri¢u
iegiiSanai); starpnozaru pétijumi — magnétiski vadamu nanoiericu izmantosana
biomedicina.

Latvijas Universitates dibinata Latvijas Universitates agentiira ,,Latvijas Universitates
Fizikas instittits”; 17.03.2006.g. Latvijas Universitates Senata [émums Nr.177
Registréts LR VID ar kodu LV90002112199; registréts Nodok]u maksataju registra ar
kodu 90002112199

LR IZM Zinatniskas institlicijas registracijas aplieciba Nr.551021
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LU Fizikas institata struktara

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

Dr.phys. Janis Freibergs

C )
Zinatniski pétnieciskas Administracija un
laboratorijas apkalpojoSais personals
(Ce olom1=. Lt e )
Fizikalas hidromehanikas
laboratorija Direktora vietnieks
Vaditajs Dr.phys. E.Platacis ) Dr.phys.A.Gailitis
(o _ N . _
Slltuma un masas parneses Direktora palldze M.Broka
laboratorija
\_ Vaditais Dr.hab.phvs. E.Bluims /
4 ces
MHD tehnologijas
laboratorija \ /
Vaditajs A.Bojarevics
- J
/ N — (X \ / - — \
MHD masinu teorijas Gramatvediba
laboratorija
Vaditajs Dr.phys. A.Sisko ) S Galvena gramatvede A.Volkova
0T ) ) 4 -
Teoretiskas fizikas Personaldala
laboratorija
Vaditijs Dr.phys. A.Gailitis L.Komarova
- J - J
. — \ / [ .
Elektrovirpulplismu Energétikas un
laboratorija saimniecibas dienests
Vaditajs. Dr.phys. J.Freibergs
- J - J
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LU FI ir 6 zinatniskas struktarvienibas:
Fizikalas hidromehanikas lab. (vad. E.Platacis), Siltuma un masas parneses lab. (E.Bluims),
MHD tehnologijas lab. (A.Bojarévi¢s), MHD masinu teorijas lab. (A.Sisko),
Elektrovirpulplismu lab. (J.Freibergs), Teoré&tiskas fizikas lab. (A.Gailitis).

Direkcija

Gramatvediba

Energétikas un saimniecibas dienests

Vidgjais zinatniska personala skaits 44,0 2006 gada PLE izteiksmé
Vidgjais zinatnisko darbinieku skaits 74,0 2006 gada PLE izteiksmé

Talrunis 67944700
Fakss 67901214
E-pasts fizinst@sal.lv
Internets http://ipul.lv
Direktors Dr.fiz. Janis Freibergs
Talrunis 67944700
Fakss 67901214
E-pasts jf@sal.lv
Direktora vietnieks Dr.fiz. A.Gailitis
Talrunis 67945821
e-pasts gailitis@sal.lv
Direktora palidze Maija Broka
Talrunis 67944700
Fakss 67901214
E-pasts mbroka@sal.lv
Atrodas Salaspili, Miera iela 32
Pasta adrese Miera iela 32, Salaspils-1, LV-2169
Sadarbibas fakultates Fizikas un matematikas fakultate
Akademiska personala skaits | 60
(asist., pétn., v.pétn., .) uz 01.01.2009.
tsk.:
doktori | 36
habilitétie doktori | 6

Kops 1965. gada LU FI izdod starptautisku zurnalu "Magnétiska hidrodinamika"
(tagad anglu valoda ,,MagnetoHydroDynamics”, iznak 4 reizes gada; galvenais redaktors
A.Cebers).

LU FI organize regularas starptautiskas MHD konferences.

Mag:neto-
Iﬂydro-
D ynamics
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Zinatniska padome

Zinatniskas padomes priekssedéetajs Dr.phys. A. Gailitis

Dr.hab.phys. E.Blims
Magistrs Andris Bojarévics
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.Gelfgats
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 zinatniskas pétniecibas apaksvirzieni
I apaksvirziens
Zinatniskas pétniecibas apaksvirziens, kura LUFI ir vadoso institciju vida pasaulé:

Skidru metalu magnetohidrodinamika un hidrodinamika, fundamentilie un
pielietojumie pétijumi.

Vadosais personals:
Dr.Phys. I.Bucenieks, J.Freibergs, A.Gailitis; I.Grants, A.K]ukins, O.Lielausis; E.Platacis;
L.Platnieks; A.Sisko, V1. Kremeneckis

Il apaksvirziens
Magnétisko nanokoloidu fizika

Vadosais personals:
Dr.hab.phys. E.Blims, Dr.phys. A. Mezulis, M. Majorovs, G.Kronkalns.

111 apak3virziens
DegSanas procesu dinamikas izpéte.

Vadosais personals:
Vad. pétn. Dr. phys. M.Zake, Dr. sci. Ing. |.Barmina, Dr.sci.ing. A.Meijere
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Latvijas Universitates agentiiras
wLatvijas Universitates Fizikas institats”
darba plans 2010.gadam

Sis darba plans ir Latvijas Universitates (LU) un Latvijas Universitates Fizikas institiita
(LU FI) Parvaldes liguma pielikums.

LU FI veic savu darbibu saskana ar savu Nolikumu, Parvaldes ligumu un savu vidéja
termina stratégiju.

LU FI nodroSina savu pétniecisko darbibu un publisko pakalpojumu sniegSanu atbilstosi
zinatnieku &tikas kodeksam, starptautiski atzitiem labas prakses paraugiem un LU FI
iek$gjiem normativiem dokumentiem, tadejadi nodroSinot savas darbibas attiecigos
kvalitativos raditajus un celot institiita prestizu kopuma.

LU FI nodroSina ar 04.08.2008. Ministru Kabineta noteikumiem Nr. 623 “Bazes
finanséjuma pieSkirSanas kartiba valsts zinatniskajam institiicijam un valsts
augstskolu zinatniskajiem instititiem” noteiktos zinatnisko institiitu noverteSanas
raditajus tada meéra, lai integrétais novertéjums par 2009.gadu nav mazaks par 10.

LU FI 2009.gadam noteiktie kvalitativie un kvantitativie raditaji atspoguloti nakoSaja
tabula.

2009.gada
Zinatnisko pétijumu tematiskas jomas, kuras institiitam bs 4
nozimiga loma, saskana ar stratégiju
Zinatniska personala attistibas raditaji (skaita pieaugums 0
o o 1%
pret ieprieks$€jo gadu, % )
Finans€juma attistibas raditaji (apjoma pieaugums pret 0
A o 15%
iepriek$gjo gadu, %)
Sagatavoto zinatnisko publikaciju skaits 60
SCI publikacijas
(publikacijas izdevumos, kas tiek referéti 30
starptautiski pieejamas datu bazes)
tai skaita: Pulzllkg01jas starptautiski recenz&tos, LZP 19
atzitos izdevumos
Publikacijas citos zinatniskajos izdevumos 8
Popularzinatniski raksti 3
Konferencu tezes 10
Sagatavoto un piedavato studiju kursu skaits 2
Sagatavotie laboratorijas darbu komplekti 2
Doktorantiem, magistrantiem un bakalauriem piedavato
) o _ ) 6
darba vietu un/vai pétijumu t€ému skaits
Starptautiskas atpazistamibas raditaji 6
(starptautiski nozimigi projekti vai pasakumi kopa)
Eiropas Savienibas.6 un 7.ietvara projektu skaits 5
Valsts pétijumu programmu projektu skaits 1
LZP finansétie sadarbibas projekti 3
Latvijas Zinatnes padomes finanséto projektu skaits 2
Registréto un uzturéto patentu skaits 1
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LU FI nodroSina institita darbibas nepartrauktibu, balstoties uz iesp&jamo risku
apzinasanu sekojo$as sadalas, bet jo 1paSu véribu pieverSot personala atjauninasanai un
darbinieku kvalifikacijas paaugstinasanai (cilvéku kapitala riski), finansu disciplinas un
likumibas ievéroSanai (finanSu un juridiskie riski), ka ar1 kvalitativai publisko
pakalpojumu sniegSanai (darbibas riski). Darbibas risku parvaldisanai LU FI atspogulo
ricibas plana.

Risks

o
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LU FI nodroSina risku identific€Sanu un to parvaldibu saskana ar sekojosu darba planu.
Kartas Darbibas raksturojums Izpildes termins$ vai
Nr. pasakuma biezums
1. Darba grupas izveide riska faktoru identificéSanai | 2. kvartals
un novertéSanai LU FI
2. LU FI riska parvaldibas politikas dokumenta 2. kvartals
izstrade
3. Pasakumu plana izstrade riska faktoru 2 kvartals
mazinasanai
4. LU FI datu droSibas politikas dokumenta 3. kvartals
uzlaboSana
4. Ieksgjas kontroles politika dokumenta uzlaboSana | 3.kvartals
5. Riska faktoru parvertésana un pasakumu plana 4 kvartals
korekcija 2009.gadam
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LU Fizikas institiita ienémumi 2010.gada 849,7 tiikstosi latu.

personam

Finanséjums kopa 849,7
tai skaita:
Valsts budZeta finanséjums 5493
no ta: . R . |2158
Eiropas Savienibas struktiirfondu finanséjums zinatniskajai darbibai '
Latvijas Zinatnes padomes (LZP) granti un cits LZP finansgjums 44,1
zinatniskas darbibas bazes finansgjums 161,5
valsts pétijumu programmu finansg&jums 24,2
zinatniskas darbibas attistibas finansgjums 90
tirgus orientgtie petijumi 13,7
Finanséjums no starptautiskiem avotiem 295,4
tai skaita iep€mumi no Iigumdarbiem ar arvalstu juridiskam personam 2954
Ieneémumi no Iigumdarbiem ar Latvijas Republikas juridiskam 5

Tai skaita svarigakie ligumi:

Pasiititajs vai Finanse
NPK sadarbibas partneris Projekta_nosaukums jums, Avanss
0] LVL
Uzlabota Li tehnologijas izstrade plazmas
1.1. ERAF attiriSanas iekartu (divertoru) aktivo virsmu 0 78465,31
aizsardzibai
12 ERAF Uzlabota tefjnplogua p_rotopu_— ne.ltror?u ‘ 0 5576137
konvertoru Skidra metala sistému izveidei.
Dazadas izcelsmes atjaunojamo kurinamo
maistjumu jauna veida granuletu produktu
13, ERAF 1zvevldosana elfologlsklvtlrvu un efektivu 0 81542.8
deg3anas un siltuma razoSanas procesu
nodroSinasanai ar bitiski uzlabotu $o
procesu tehnologiju
CEA, Francijas
14. atomenergijas elektromagnétisko pumpju petijums 12 321
komisariats
Realizations of as Rayleigh-Benard
Experiment with mercury in a rotating
1.5. Forshungszentrum magnetic field 9740
Dresden-
Rossendorf(FZD)
Design, manufacture of experiemental
16 facilities and conduct eksperiments to study = 44 747
' Institute for Plasma the effects of MHD, corrossion in Pb-Li
Research Gandhinagar, flow for the development of indian LLCB
Gujarat blanket system

LU Fizikas institats — 2010
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1.7.

ES 7.letvarprogramma

1.8.

ES 7.letvarprogramma
1.9

ES 7.letvarprogramma
1.10.

ES 7.letvarprogramma

1.11  SIA Hidrowat

LU Fizikas institats — 2010

7553
ADRIANA Advanced Reactor Iniative and
Network arragement, FP7 RTG,
Production of a liquid metal limiter for
plazma in ISTOK Tokomak, Lisboa,
Portugal (production of pumps, flow
meters etc.), Fixed contribution contract
with EURATOM EC 6 Framework
Programm, FU06-CT-2004-00078,

57 883

CP-ESFR Collaboration Project on 25702
European Sodium Fast Reactor, no.
232658, 7.ietvarprogramma

CP-ESFR Collaboration Project on 26119
European Sodium Fast Reactor, no.
232658, 7.ietvarprogramma

Veikt izpétes darbus par svina-litija

eitektikas sakauséjuma (Pb-15.7at%Li) 46 478
vajadziga sastava optimalas razoSanas

metodikas izstradi
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LU Fizikas institita izpilditie projekti

ES 6. letvara Programmas —5; ES 7. letvara Programmas - 3

e Magnetic flow tomography in technology geophysics and ocean flow research
MAGFLOTOM, Commission of the EC, Research DG, Contract N0.028670,
Specific target Project

e Production of a liquid metal limiter for plazma in ISTOK Tokomak, Lisboa,
Portugal (production of pumps, flow meters etc.), Fixed contribution contract with
EURATOM EC 6 Framework Programm, FU06-CT-2004-00078,

e European Isotope Separation On-Line Radiactive lon Beam facility (EURISOL
DS), EC 6 framework Programm, Contract 515768 (RIDS).

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

e The European Spallation Source (ESS),CONSORTIUM AGREEMENT, Latvijas
Universitate (LU), LU Fizikas institits (IPUL)

2010.gada apstiprinatie 7.letvarprogrammas projekti
e CP-ESFR Collaboration Project on European Sodium Fast Reactor, no.
232658, 7. ietvarprogramma,
e ADRIANA Advanced Reactor Iniative and Network arragement, FP7 RTG,
e HeLiMnet . Heavy Liquid Metals Network. Agreement no. 249677

ERAF ligumi (3 ligumi)

e Uzlabota tehnologija protonu — neitronu konvertoru Skidra metala sistému
izveidei., Avanss - 55761,37

e Uzlabota Li tehnologijas izstrade plazmas attiriSanas iekartu (divertoru) aktivo
virsmu aizsardzibai- Avanss -78465,31

o Dazadas izcelsmes atjaunojamo kurinamo maisijumu jauna veida granul&tu
produktu izveidoSana ekologiski tiru un efektivu degSanas un siltuma razoSanas
procesu nodro§inasanai ar butiski uzlabotu $o procesu tehnologiju — avanss 81542,8

2010.g. Ligumi ar arzemju zinatniskajam institiicijam -9 (turpinas)

Zinatniska institicija Valsts Projekta nosaukums

Francijas Atomenergijas Francija EM pump
komisariats (CEA)

Forshungszentrum Dresden- Vacija® Realizations of as Rayleigh-Benard

Rossendorf(FZD) Experiment with mercury in a
rotating magnetic field

Institute for Plasma Research Indija Design, manufacture of

Gandhinagar, Gujarat experiemental facilities and conduct

eksperiments to study the effects of
MHD, corrossion in Pb-Li flow for
the development of indian LLCB
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blanket system

SIEMENS AG Vacija, Manufacturing of prototype
Francija

MSSA S.A.S Francija EM induction Permanent Magnet

(Commercial name : Pumps for Sodium

METAUX SPECIAUX)

SIA “Baltic Titan” Latvija “Titana razoSanas tehnologijas

Beidzas 2010.g.

izstradasana, bazgjoties uz
savstarp&ju titana tetrahlorida un
metaliska magnija tvaiku savstarp&ju
mijiedarbibu un titana razo$anas
iekartas 110 mm metaliska titana vai
ta sakaus€juma stienu nepartrauktai
iegliSanai ar razoSanas kapaitates
jaudu ne mazak ka 40 t/meénest
izgatavo$ana”,

Valsts pétijumu programma 1 un LZP Sadarbibas granti - 1

Valsts pétijumu

programma
Modernu funkcionalu mikroelektronikai,

1-23/49 nanoelektronikai, fotonikai, bi-omedicinai un E.Blums
konstruktivo kompozitu, ka arT to atbilstoSo tehnologiju
izstrade

1-23/37 Nanodalinu, nanostrukturalu materialu un plano
tehnologiju izstrade funkcionalo materialu un E. Cebers
kompozitu izveidei

Sadarbibas projekts

05.0026.13.1 Mikstie magnétiskie materiali un nanotehnologijas A.Cebers
Difuza un konvektiva nanodalinu parneses

05.0026.14.1 neizometriskos ferrokoloidos kapilari porainas vides E.Blums

2010.gada apvienotais grants

09.1590 Skidrs metals kodoltehnologijas un fizikalos eksperimentos: 11 - Nehomogéna

elektromagneétiska lauka un robeznosacijumu ietekme uz elektrovadosSas vides pliasmam;

111 - Liofilizetu magnétisku nanodaliru fizikalas ipasibas un parneses paradibas steriski

stabilizetos ferrokoloidos; 1V - Elektromagnetisko lauku ietekme uz kustibas, siltuma un

masas parneses procesiem elektrovadosas vides virpu/plazsmas

LU Fizikas institats — 2010
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2010. gada raksti starptautiski citétos izdevumos - 20

Scopus datu baze:

1. E.Karule, Above threshold ionization | J.Phys. B: At. Mol. Opt. Phys. 43 | ISSN:

A.Gailitis. of atomic hydrogen in ns (2010) 065601 (7 Ipp) 09534075
states with up to four
excess photons.

2. Stefani, F.a Energy oscillations and a Astronomische Nachrichten ISSN:
L Gailitis, possible route to chaos ina | Volume 332, Issue 1, January 00046337
Ab , Gerbeth, | modified Riga dynamo 2011, Pages 4-10
G.

3. | Blums, E. k«, | Non-isothermal mass Journal of Magnetism and ISSN:
Kronkalns, G., | transfer of ferrocolloids Magnetic Materials 03048853
Mezulis, A., through porous membrane
Sints, V. CODEN: IMMMD

DOI:
10.1016/j.jmmm.2010.11.042

4. D. Zablotsky, Numerical investigation of | Journal of Magnetism and ISSN:

E. Blums, optically induced Magnetic Materials 03048853
microconvection in thin CODEN: IMMMD
ferrofluid layers, DOl:
10.1016/j.jmmm.2010.11.042

5. | Segal, l.a ka, | Preparationand cytotoxic | Applied Organometallic ISSN:
Zablotskaya, properties of goethite- Chemistry 15393755
A.a, Lukevics, | based nanoparticles Volume 24, Issue 3, March 2010,

E.a, Maiorov, | covered with Pages 193-197
Mb decyldimethyl

Zablotsky, D.b (dimethylaminoethoxy)

. Blums, E.b, silane methiodide

Mishnev, A.a,

Georgieva, R.c

, Shestakova,

l.a, Gulbe, Aa

6 Bojarevics, V., | Time dependent MHD TMS Annual Meeting ISBN: 978-
Pericleous, K. models for aluminium 2010, Pages 199-206 087339750-

reduction cells 6

7. Grants, l.ab, Linear and nonlinear Physical Review E - Statistical, ISSN:

Gerbeth, G. stability of a thermally Nonlinear, and Soft Matter 15393755
stratified magnetically Physics
driven rotating flow in a Volume 82, Issue 1, 21 July
cylinder 2010, Article number 016314

8. Priede, J.a, Homopolar oscillating-disc | Physics Letters, Section A: ISSN:
Avalos-Zufiiga, | dynamo driven by General, Atomic and Solid State | 03759601
R.b, Plunian, parametric resonance Physics
F. Volume 374, Issue 4, 11 January

2010, Pages 584-587

9. Hermann, R.a | Convectional controlled Journal of Materials Science
, Gerbeth, G.b, | crystal-melt interface using | Volume 45, Issue 8, April 2010,

Priede, J.c, two-phase radio-frequency | Pages 2228-2232
Krauze, Ad,
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S., Molokov, S. Pages 115-134

14. | Priede J. Oscillations of weakly Journal of Fluid Mechanics ISSN:

viscous conducting liquid in press 00221120
drops in a strong magnetic
field, J. Fluid Mech

15. | O. Petricenko, | Properties of dextran Magnetohydrodynamics, | ISSN:

A. Cébers, M. | coated magnetic 46 (2010), 3, 309 - 316. 0024998X
M. Maiorov nanoparticles

and A.

Plotniece

16. | M. Zake, I. Magnetic field control of Magnetohydrodynamics ISSN:
Barmina, . combustion dynamics of 46, (2010) Nr.2, pp. 171- | 0024998X
Bucenieks, V. | the swirling flame flow 186.

Krishko
17.. | A. Bojarevi¢s, | Experiments on Liquid Magnetohydrodynamics ISSN:
Metal Flow Induced by 46 (2010), no. 4, 6 Ipp. 0024998X
T. Beinerts. Rotating Magnetic Dipole
Moment

18. | I. Kaldre, Investigation of liquid Magnetohydrodynamics ISSN:

Y .Fautrelle, phase motion generated by 46 (2010) 0024998X
J.Etay, A. the thermoelectric current

Bojarevics, L. and magnetic field

Buligins interaction.

19. | I. Kaldre, Absolute thermoelectric Modern Physics Letters
Y.Fautrelle, power of Pb-Sn alloys. B, 4.lpp
J.Etay, A.

LU Fizikas institats — 2010

20


http://www.scopus.com/authid/detail.url?authorId=35188646100
http://www.scopus.com/authid/detail.url?authorId=35751921000
http://www.scopus.com/authid/detail.url?authorId=35422258600
http://www.scopus.com/authid/detail.url?authorId=9249548800
http://www.scopus.com/authid/detail.url?authorId=24072834900
http://www.scopus.com/authid/detail.url?authorId=35422018900
http://www.scopus.com/authid/detail.url?authorId=6602403766
http://www.scopus.com/authid/detail.url?authorId=15767726700
http://www.scopus.com/authid/detail.url?authorId=23111287600
http://www.scopus.com/authid/detail.url?authorId=6508292171
http://www.scopus.com/authid/detail.url?authorId=7004914485
http://www.scopus.com/authid/detail.url?authorId=35486766400
http://www.scopus.com/authid/detail.url?authorId=6602348475
http://www.scopus.com/authid/detail.url?authorId=6602348475
http://www.scopus.com/authid/detail.url?authorId=22233349500
http://www.scopus.com/authid/detail.url?authorId=22233349500
http://www.scopus.com/authid/detail.url?authorId=8088438200
http://www.scopus.com/authid/detail.url?authorId=6507653501
http://www.scopus.com/authid/detail.url?authorId=6507653501
http://www.scopus.com/authid/detail.url?authorId=11240053300
http://www.scopus.com/authid/detail.url?authorId=36680010000
http://www.scopus.com/authid/detail.url?authorId=12139960800
http://www.scopus.com/authid/detail.url?authorId=6603631118
http://www.scopus.com/authid/detail.url?authorId=6602987607
http://www.scopus.com/authid/detail.url?authorId=9275218600
http://www.scopus.com/source/sourceInfo.url?sourceId=20344&origin=recordpage
http://www.scopus.com/authid/detail.url?authorId=6506026765
http://www.scopus.com/authid/detail.url?authorId=6506370264
http://www.scopus.com/authid/detail.url?authorId=6506370264
http://www.scopus.com/authid/detail.url?authorId=35236701600
http://www.scopus.com/authid/detail.url?authorId=35236701600
http://www.scopus.com/authid/detail.url?authorId=35618547000
http://www.scopus.com/authid/detail.url?authorId=35618547000
http://www.scopus.com/authid/detail.url?authorId=7801311467
http://www.scopus.com/source/sourceInfo.url?sourceId=37960&origin=recordpage
http://www.scopus.com/authid/detail.url?authorId=26638878900
http://www.scopus.com/authid/detail.url?authorId=7005819210
http://www.scopus.com/authid/detail.url?authorId=7005819210
http://www.scopus.com/authid/detail.url?authorId=7003311716
http://www.scopus.com/source/sourceInfo.url?sourceId=18537&origin=recordpage
http://www.scopus.com/source/sourceInfo.url?sourceId=18537&origin=recordpage

Bojarevics, L.

Buligins

20. | M.M.Maiorov, | Inverse task for evaluation Physics Procedia Publisher:
E. Blums, K. of particle size distribution Volume 9, 2010, Pages
Raj, of polydisperse magnetic 74-77 Elsevier

fluids

2010. gada raksti Starptautisko konferencu rakstu krajumos (Proceeding) -25
Konferences

Proceedings of International Scientific Colloquium Modelling for Material Processing,
Riga, September 16-17, 2010

1. Ya.Kompan, I.Protokovilov, Y.Fautrelle, Yu.Gelfgat, A.Bojarevics.
Magnetically controlled electroslag melting of titanium alloys. International
Scientific Colloquium Modelling for Material Processing, Riga, September 16-
17, 2010, pp.85-90.

2. |. Kaldre, Y.Fautrelle, J.Etay, A. Bojarevics, L. Buligins, Investigation of liquid
phase motion generated by the thermoelectric current and magnetic field
interaction. International Scientific Colloquium Modelling for Material
Processing, Riga, September 16-17, 2010, pp. 273-278.

Nordita Winter school

3. A.Gailitis, Riga Dynamo experiment, Special Lecture. Nordita Winter School
on Dynamos: above, below, and in laboratory. Stockholm, 11-22.01.2010.

9th International Meeting on Thermodiffusion, June 7-11th, 2010, Toulouse, France,

4. E.Blums, G. Kronkalns, A. Mezulis, V. Sints , Thermal transport of ferrofluid
nanoparticles through a capillary porous layer, 9th International Meeting on
Thermodiffusion, June 7-11th, 2010, Toulouse, France,
http://www.imft.fr/IMT9/accepted.html.

8th AIMS International Conference on Dynamic Systems, Differential Equations and
Applications , May 25-28, 2010, Dresden, Germany,

5. A.Gailitis Mathematical background of the Riga Dynamo experiment, 8th
AIMS International Conference on Dynamic Systems, Differential Equations
and Applications , May 25-28, 2010, Dresden, Germany, Abstracts p.71
” International Workshop on Liquid Metal Breeder Blanket, Book of Abstracts, 23 und
24 September 2010.
6. J.E.Freibergs, I.Platnieks, ,,Application of MHD Technology for Production of
Lead/Lithium Eutectic Alloy.” International Workshop on Liquid Metal
Breeder Blanket, Book of Abstracts, 23 und 24 September 2010. p.13.

Proceeding of International Scientific Colloquium Modelling for Material Processing,
Riga, September 16-17,
7. 1. Barmina, M. Zake, Effects of Magnetic Field on Swirling Flame, Proceeding
of International Scientific Colloquium Modelling for Material Processing,
Riga, September 16-17, 2010, pp. 6.
8. I. Barmina, M. Purmalis, J. Valdmanis, M. Zake, Electric Field Effects on the
Combustion Characteristics of Renewable Fuel, Proceedings of International
Scientific Colloquium Modelling for Material Processing, Riga, September 16-
17, 2010, pp. 6.
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9. V. Bojarevics, A. Roy, K. A. Pericleous. Magnetic Levitation of Large Liquid
Volume. International Scientific Colloquium Modelling for Material
Processing, Riga, September 16-17, 2010, pp. 15-20.

10. A. Bojarevics, T. Beinerts. Experiments on Liquid Metal Flow Induced by
Rotating Magnetic Dipole Moment. International Scientific Colloquium
Modelling for Material Processing, Riga, September 16-17, 2010, pp. 309-314.

11. 1. Grants, G. Gerbeth, Suppression of temperature fluctuations by rotating
magnetic field in a large scale Rayleigh-Bénard cell. Proceedings of
International Scientific Colloquium Modelling for Material Processing, Riga,
September 16-17, 2010

International conference “Functional materials and nanotechnologies” FM&NT-2010,
Institute of Solid State Physics, University of Latvia, Riga, March 16 — 19:

12. D. Zablotsky, E. Blums, Formation of microconvection in periodic
concentration grating of magnetic nanoparticles (mutisks referats) Book of
abstracts, p. 87.

13. V. Shints, G. Kronkalns, E. Blums, A. Mezulis. Investigation of nanosized
colloidal particles transfer through a porous layer (posteris) Book of abstracts,
p. 145.

14. A.Mezulis, D. Zablockis, Creating concentration profiles of nanosized
magnetic particles in non-uniform magnetic field (posteris) Book of abstracts,
p. 146.

15. V. Serga, L. Kulikova, M. Maiorov, A. Krumina, Palladium Nanocrystalline
Films Produced by EPM Phase Composition and Magnetic Properties (posteris)
Book of abstracts, p. 122.

12th International Conference on Magnetic Fluids ICMF12, Sendai, Japan 1-5th August,
2010:
16. E. Blums, G. Kronkalns, A. Mezulis, V. Sints, Non-isothermal mass transfer of
ferrocolloids through porous membrane (oral presentation) , Abstract Book, p.
19-20.
17. D. Zablotsky, E.Blums, Numerical investigation of optically induced
microconvection in thin ferrofluid layers (oral presentation), Abstract Book
,p.20-21.
18. M.M.Maiorov, E. Blums, K. Raj, Inverse task for evaluation of particle size

distribution of polydisperse magnetic fluids (poster) , Abstract Book, p. 223-
224.

Proc. ,,Aluminium Casting” Conference, St.-Petersburg, October 2010
19. Yu.Gelfgat. Electromagnetic devices with permanent magnets — a new trend for
contactless influence on aluminium melts. — Proc. ,,Aluminium Casting”
Conference, St.-Petersburg, October 2010 (CD), 16 Ipp.

Iesniegtas tezes
20 . starptautiska conference "Pamir"”, Borogo-Corsica- Francija
Fundamentala un pielietojama MHD
Konferences Organizétaji Francija- CNRS, CEA, Grenoble INP; Latvija — LU FI

20. J.E.Freibergs, “Industrial Production of Lead-Lithium Alloy with MHD

Mixing.”
21. J. E. Freibergs, V. Kremeneckis, “Cavitation in the ESS model.”
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22.1. Barmina, A. Cipijs, A. Lickrastina, J. Valdmanis, R. Valdmanis, M.
Purmalis, M. Zake , Renewable Fuel Gasification and Combustion Control by
Applied AC Electric Field

23. 1. Barmina, A. Lickrastina, V. Suzdalenko, M. Zake, Gradient Magnetic Field
Promotion of Pelletized Biomass Combustion

24. J.Valdmanis, G.Kronkalns Physical Modelling of Magnetic Buckyballs

25. Agris Gailitis and Guntis Lipsbergs Non-standard regimes of Riga Dynamo
experiment

26. Guntis Lipsbergs Riga Dynamo under external excitation

27. Liga Magone Compass behaviour in a Riga Dynamo outside field

28. A.Mezulis*, D. Zablockis, E. Blums Dynamics of concentration profiles of
nanosized magnetic particles in non-uniform magnetic field

29. Dmitry Zablotsky, Elmars Blums Microconvective instability in the relaxation
of optically induced concentration grating in ferrofluids

30. G. Kronkalns, M. Kodols, M. Maiorov Change of phase composition of
magnetic fluid nanoparticles after HGMS

31.E. Blims, A. Mezulis, G. Kronkalns, V. Sints Transport of nanoparticles
through nonisothermal ferrofluid layer with permeable walls

Registrétie un uzturéts 1 patents

LV patents |. Barmina, M.Gedrovics, P. Meija, A. Meijere-Lickrastina, M.
Purmals, M. Zake, Atjaunojama kurinama un gazveida kurinama
vienlaicigas sadedzinasanas apkures katls-LV patenta pieteikums P-
08-20,ekspertizes [emums 2/1307, 20.09.2009., pp.1-16.

Pabeigts tirgus orientéts petijums

Titana razoSanas tehnologijas izstradasana, E.Platacis
1ZM TOPO08-17 bazgjoties uz savstarpgju titana tetrahlorida
un metaliska magnija tvaiku savstarpg&ju
mijiedarbibu”

Promocijas darbs: 1
A.Tatuléenkovs aizstavéja promocijas darbu - Parizes 7.universitates dr.2010.g. 30.09
lemums nr.PAR VII 8388272

Magistra darbi — 2

e Maija Zake — piedalijas V. .KriSko magistrantiras darba , Atjaunojamo
energoresursu un gazveida fosila kurinama Iidzsadedzinasana videi draudzigakai
energijas razoSanai” vadi§ana, kuru V.KriSko aiztavéja 2009.gada junija. No
2010. gada julija - RTU doktorantiira

e Bakalaura darbu aizstavéja un iestajas magistrantura - Toms Beinerts
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Latvijas Universitaté stud&josie doktorandi, magistranti un studenti :
Vaditajs
1 | Zablockis | Dmitrijs | FMF | doktorands 3 Blims Elmars

2. Sints Viesturs | FMF | magistrants 1 Blims Elmars
Buligins
3. Kaldre Imants FMF | doktorands 2 Leontds;
Fautrelle
Y.(Francija)
Beinerts Toms FMF | magistrants 2 Gelfgats Jurijs
Magone Liga FMF studente 2 Gailitis Agris

RTU doktorandi un magistranti:

K.Kravalis — vaditajs Dr.fiz. Imants Bucenieks
G.Lipsbergs — vaditajs Dr.fiz. Agris Gailitis

V Krishko — vaditaji: Dr.fiz. Maija Zake (LUFI) un Dr. Sci. ing. Martin$ Gedrovics

RTU bakalaura nosaukumu ieguva -1.Pagasts, G.Mencendorfs un L.Goldsteins

Lekciju kurss MHD - LU Fizikas un matematikas fakultates studentiem —
sagatavojis un lasijis A.Gailitis

Jaunie zinatnieki - 6

Ansis Mezulis, aizstavéja promocijas darbu 2000.g.
Inesa Barmina, aizstavéja promocijas darbu 2003.g.
Aleksandrs Ped¢enko promocijas darbu aizstavéja 2004.g.
Armands Krauze aizstavéja promocijas darbu 2005.g.

agrwpdE

Agnese Lickrastina (Meijere) - LUFI vadosa pétniece, Dr. sc. ing., statuss-jauna
zinatniece ( promocijas darbs “Wood biomass(granules) co-firing with gaseous
fuel (propane)”, kuru aizstaveja 2005. gada aprili.

doktora grada iegtiSanai. Disertacijas nosaukums: ,,Precizie automodularie
atrisinajumi hidrodinamika un magnétiskaja hidrodinamika un to attieciba pret
uzdevumiem robezslana tuvinajuma.” Darba vaditajs J.Freibergs.

Projekta nosaukums Latvijas Universitates Fizikas institiita Apvienotais projekts

magnetohidrodinamika un siltumfizika: ar sadalam: | - Skidrs metals

kodoltehnologijas un fizikalos eksperimentos; 11 - Nehomogéna elektromagnétiska

lauka un robeznosacijumu ietekme uz elektrovadosas vides plismam: 111 - Liofilizétu

magnétisku nanodalinu fizikalas ipasibas un parneses paradibas stériski stabilizétos

ferrokoloidos; 1V - Elektromagnétisko lauku ietekme uz kustibas, siltuma un masas

parneses procesiem elektrovados$as vides virpulplismas”

Darbs veikts atbilsto$i projekta l[iguma paredz&tiem uzdevumiem pa ¢etram sadalam:

a)Atskaldito neitronu mérkim izstradats bezloga modelis ar $k&rsplasmu. Skérspliismas

prieksSrociba pret garenpliismas variantu ir daudz mazaks darba spiediens. P&tita
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Sk&rspliismas hidrodinamika, izstradatas metodes atruma profilu regul&sanai.
Skeérspliismas veidotajs sekmigi parbaudits ar dzivsudrabu..

b)Ga limiters parbaudits Lisabonas Tokomaka un sagatavots Fraskati Tokomakam.
Realizéts variants, kad pilienu struktira veidojas atrai striklai sabriikot Releja
nestabilitates rezultata. Jatamas vakuma izmainas netika noveérotas, kaut termiska slodze
parsniedza 5 kw/cm3. Eksperimentos tokamaka ISTTOK tika noveérots jauns, lidz $im
neapzinats MHD efekts — plazmas pliistosais (floating) potencials ir sp&jigs generét strukla
stravu, tokomaka magn@tiskaja lauka veidojas atbilstoss jxB speks un striikla tiek nedaudz
atbidita no plazmas. Veért€jumi liecindja, ka tas var traucét tieSai metodes parneSanai no
neliela ISTTOK ( lauks 0,7-1,2T) uz Frascati Tokamak Upgrade FTU ar iesp&jamo lauku
lidz 8T. Tika nolemts apskatit variantu, kad strikla visa tas garuma paliek lokalizeta
plazmas argja atdalamaja slani (scrape-off layer SOL). Atbilstosie geometriskie
nosacijumi méroga 1:1 tika atveidoti speciala InGaSn stenda, apstiprinot iesp&ju sasniegt
nepiecieSamos parametrus ( monolitas zem 45 gradiem vérstas striklas garums ap 50 cm
pie atruma 5 m/s).

¢) PbLi korozijas eksperiments paradija, ka magnétiska lauka veidojas periodiskas
strukturas. Konstat&ta nepiecieSamiba turpmaka darba ieverot materiala ferromagnétisko
dabu.

d) No pastavigiem magnétiem veidoto lieljaudigo elektromagnétisko indukcijas siiknu
konstrukcija optimiz&ta, piemerojot to gan natrijam (Na), gan atskaldito neitronu avotos
lictotiem materialiem: dzivsudrabam (Hg) un svina-bismuta eutetiskam sakausgéjumam
(Pb-Bi). Konstatatéts, ka pastavigo magnétu siikniem nedraud plismas nestabilitate, ar ko
sirgst lielie Na indukcijas sukni

e)P&c telpu renovacijas Dinamo eksperiments sakartots, remontéta magnétiska sakabe un
veiktas tris m&rjjumu sesijas. Novérots t.s. zemsliekSna pasSierosmes variants, kads nebija
redz€ts ieprieks. Konstatétas ievérojamas frekvencu spektra atSkiribas sliekSpa tuvuma (
generacijas sakuma) un nostabilizgta rezima. Izpétita Dinamo atbilde argjai ierosmei un
lauka telpiskais sadalijums gan vertikala gan horicontala virziena.

I

Pétitas ta saucama metamateriala atsevisku elementu 1pasibas augstfrekvences diapazona.
Veikti modelésanas eksperimenti, izmantojot magnétiskas dalinas un rezultati apkopoti
referata:

J.Valdmanis, G.Kronkalns ,, Physical Modelling of Magnetic Buckyballs” MHD
2011.gada konferencei Francija Korsika.

Skaitliski modelgjot tika pétita kavitacijas ietekme uz skidra metala pliismu Eiropas
Atskaldito Neitronu Avota (ESS) mérki. Aprékinata burbula diametra izmaina tam
kustoties mainiga spiediena lauka. Izpétiti divi gadijumi: burbula iekSpusg ir tikai metala
tvaiki un jaukta tipa kavitacija, kad burbuli papildus ir ari gaze. Metala 1paSibas ir
atkarigas no temperatiras, tapec petijums veikts pie trim dazadam temperatiram un trim
metaliem — dzivsudrabam, svinam un svina bismuta eitektikai. Spiediena izmainas burbula
kustibas laika tika iegttas skaitliski model&jot metala kustibu ESS mérki. P&tijuma
rezultata ir noteikti apstakli, tadi ka burbula sakotn€jais radiuss, temperatiira, spiediena
izmainas, kas izraisa burbula augSanu vai kolapsu. Rezultats ir att€lots ka stabilitates
liknes, kas atdala burbula kolapsa un augSanas apgabalus.
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Turpinot petit un optimizet svina-litija eitektikas ripnieciskas iegiiSanas procesu ar
MHD maisiSanas pielietosanu, tika pilnveidota litija inZektora konstrukcija, reaktora forma
un MHD maisitaja konstrukcija.

Aluminija elektrolitiskas ieguves procesa stabilitates skaitliskas modeléSanas algoritms
papildinats ar anodu ekvivalentas elektriskas shémas aprékinu. Lietots tas pilnas stravas
sadalijuma aprékina visa k&d€ no vienas vannas lidz nakosajai.

1. Pilnveidota granulometrijas metode ferokoloidu nanodalinu izméru dispersijas
parametru noteikSanai un veikta koloidu dispersa sastava salidzino$a analize,
izmantojot koloidu magnetizacijas, gaismas dinamiskas izkliedes un magn&tiskas
dubultlausanas dinamikas me&rfjumus. Salidzinot iegiitas dispersijas liknes,
novertéti nanodalinu magnétiska kodola vidgjie izméri, nemagnétiska virsmas un
solvatéta slana biezums, ka ari rotacijas diftizijas koeficienta vértibas, kas nosaka
nanodalinu agregatu vid€jos izmeérus.

2. Veikti magnétiskas energijas disipacijas mérijjumi plasa lauka frekvencu diapazona
magnétiski mikstu un cietu nanodalinu dispersijas $kidras un cietas matricas un
noskaidrota dazadu relaksacijas mehanismu (Neela relaksacija, Brauna relaksacija)
ietekme uz koloidu karsesanu.

3. Izstradata un realizéta ferokoloidu nanodalinu koncentracijas noteikSanas metode,
kas balstita uz augstfrekvences LC oscilatora rezonanses frekvences mérijjumiem.
Metodi paredzEts izmantot koloidu filtracijas procesu pétljlumos neizotermiska
poraina slani.

v

P&tijumu etaps paredz degSanas procesu dinamikas pétijumus liesmas virpulpliisma argja
magnétiska lauka, izvert€jot ta ietekmi uz liesmas struktiiru un degSanas produktu sastavu.
Atbilstosi projekta liguma paredz&tiem uzdevumiem, projekta ietvaros ir veikti
eksperimentalie liesmas virpulpliismu mijiedarbibas p&tijumi ar arejiem spekiem, kas
inducgjas, ievietojot liesmas virpulplismu magnétiska un augstfrekvences lauka.
Sadarbiba ar Forschungszentrum Dresden-Rossendorf veikts eksperiments, kas demonstré
tilpuma spéku ierosinata koncentréta virpula 1slaicigu stabilizaciju ar inerci. Eksperimenta
demonstréta $ada virpula pielietojamiba peldoSu dalinu bezkontakta iemaisiSanai skidra
metala. Veikts eksperiments par pliismas stabiliz€Sanu no apaksas sildita liela izméra
Skidra metala cilindra ar rot€josSa lauka palidzibu. Paradits, ka tilpuma spéku ierosinata
rot&josa plisma apspiez dabisko konvekciju $ada cilindra daudz efektivak neka cilindra
mehaniska rotacija. Veikta termoelektriskas stravas pie neizotermikas saskares virsmas
starp cietu un $kidru metalu eksperimentala izpéte fizikala modeli. Tas Jauj prognozet
nepiecieSamo MHD-mijiedarbibu, lai efektivi iedarbotos uz daudzkomponensu
sakaus€jumu kristalizaciju. Eksperimentali tika parbaudits jauna tipa bezkontakta
elektromagnétisks maisitajs — viens masivs pastaviga magnéta dipols. Sada veida maisitajs
Ir izmantojams metalurgija kauséjumu sastava un temperatiiras viendabibas panaksanai 1sa
laika, butiski taupot energiju. Maisitajs sp&j iedarboties ar cauri relativi biezai krasns
sienal.
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SmERAF

Eiropas struktirfondu projekti:

1. Uzlabota tehnologija protonu — neitronu konvertoru $kidra metala
sistemu izveidei

Eiropas Regionalas attistibas fonds, Projekta identifikacijas Nr.
2DP/260/2.1.1.1.0/10/APIA/VIAA/166
VienoSanas Nr. 2010/0260/2DP/2.1.1.1.0/10/APIA/VIAA/166

Projekta vispargjais mérkis —nostiprinat miisu zinatnes pozicijas augsto tehnologiju joma,
saistita ar paslaik apgiistamo elementardalinu ,,atskaldiSanas” procesu, radit pamatu
Latvijas aktivai lidzdalibai Eiropas Atskaldito Neitronu Avota ESS izveidé un
ekspluatacija.

Projekta specifiskais mérkis — pilnveidot tehnologiju to §kidra metala sistému (,,mérku’)
izveidei, kuras elememtardalinu atskaldiSanas process realizgjas, padarot §1s mérka stacijas
kompaktakas, 1idz ar to energétiski un ekonomiski efektivakas un ekologiski drosakas.
Projekts un p&tijums atbilst materialzinatnes un energétikas zinatnes nozarém.

Projekta ietvaros 1stenotajam darbibam nav saimniecisks raksturs jo saskana ar MK
noteikumu Nr.752 3.1. apakSpunktu projekts atbilst s$adiem kriterijiem:

1) Projektu Tsteno zinatniska institticija, kas veic zinatnisko darbibu un zinatniskas
darbibas rezultatu izplatiSanu zina$anu un tehnologiju parneses veida;

2) Atlidzibu, kas iegiita, stenojot $1s pamatdarbibas, atkartoti tiek investéta pamatdarbiba;
3) Komersantiem, kuri var ietekmét zinatnisko institiiciju ka tas akcionari vai dalibnieki,
nav prieksrocibu uz zinatniskas institticijas pétijumu kapacitati vai tas raditajiem
petniecibas rezultatiem;

4)Projekta ietvaros tiks nodroSinata p&tniecibas rezultatu publiska pieejamiba.

Lai nodroSinatu izvirzito mérku sasniegSanu, projekta ietvaros planotas sadas aktivitates
eksperimentala izstrad€ un tehniska prieksizpéte:

1) Neitronu atskaldiSanas prasibam atbilstosu darba materialu salidzinajums un atlase.

2) Parametru izv€le skidra metala kustibai protonu stara” mérki”.

3) Metodikas un aprikojuma izstrade ekologisko prasibu nodrosinasanai drosam darbam ar
dzivsudrabu.

4) Protonu — neitronu konversijas iekartam atbilstosa specifiska MHD aprikojuma izveide.
5) Ieteikto jauno risindjumu parbaude/demonstracija speciala stenda.

6) Pétniecibas rezultatu publiskas pieejamibas nodrosinasana;

7) Petniecibas rezultatu riipnieciska TpaSuma tiesibu nostiprinaSana.

Projekta 1stenoSanas vieta — ,,Latvijas Universitates Fizikas institiits”, Miera iela 32,
Salaspils, Salaspils novads, LV-2169.
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Planotais kopgjais projekta istenosanas ilgums: 36 ménesi.
Projekta planotas attiecinamas izmaksas ir 357 760 lati.

2010.gada paveiktais:
Projekta izpilditaji atskaites perioda:
1 Freibergs Janis
2 Bucenieks Imants
3 Klukins Aleksandrs
4 Buligins Leonids
5 Romancuks Alberts
6 *Platacis Ernests
7 Lipsbergs Guntis
8 Goldsteins Linards
9 Kravalis Kalvis
10 Ziks Anatolijs
11 Broka Maija
12 Lukis Péeteris
13 Pagasts Inguss
14 Maurin$ Dainis

Uzlabota tehnologija protonu — neitronu konvertoru $kidra metala
sistému izveidei

Meérkis - Projekta specifiskais mérkis — pilnveidot tehnologiju to §kidra metala sistému
(,,merku”) izveidei, kuras elementardalinu atskaldiSanas process realiz€jas, padarot §is
mérka stacijas kompaktakas, lidz ar to energétiski un ekonomiski efektivakas un
ekologiski drosakas.

levads

Neitronu izkliede nodroSina bazi materialu struktiras un dinamikas izp@tei, kas liek
pamatu materialu zinatnes, kimijas, zemes zinatnes, fizikas, kondens€tas materijas
izpratnei. Neitroni ir sarezgitas instrumentu iekartas vitala komponente. Ta lauj matérijas
struktiiras un kustibas zondéSanu molekulara un mikroskopiska limeni, nodroSina augstaka
Itment ka dzives procesu ta art moderno industrialo materialu funkcion&sanas izpratni.
Eiropa ir viena no Iiderém $aja zinatnes lauka un prezentétais priekslikums ir saistits ar
skidro metalu pielietosanas iesp&ju atskaldito neitronu generacijas sist€émas.

Pirmo reizi Eiropa neitroni ar definétu energijas limeni tika ,,atskalditi” MEGAPIE
projekta ietvaros. Ari Latvijas Universitates Fizikas institits (LUFI) piedalijas minéta
projekta ietvaros. Tika izstradata, izpetita un instaléta atskaldito neitronu iekarta
elektromagnétisko stknu sisttma siltumnes€ja (PbBi sakaus€juma) cirkulacijas
nodroSinasanai kontara, fig.1. Darba temperatiira — 400C°.
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‘ Swiss spallation neutron source SINQ ‘ MEGAPIE spallation
target

Institute of Phjf.si.c's
Fig. 1. EMP sitkpu sistéma instaléta MEGAPIE atskaldito neitronu iekarta.

Aptuveni tani pat laika SNS (ASV, Oak Ridge Nacionala laboratorija) projekta ietvaros
neitroni tika ,,atskalditi” ari ASV, ka mérka materialu izmantojot Hg, fig.2. Ari te
amerikanu specialisti vispirms detalizeti iepazinas ar LU Fizikas institita Hg laboratorijas
aprikojumu un pieredzi. Pirmais SNS stends paatrinato protonu iestaroSanai dzivsudraba
ar1 tika izgatavots LUFI. Seviski jaatzimé jau konkréti ieplanota Latvijas lidzdaliba
Eiropas Atskaldito Neitronu Avota ESS (European Spallation Source) izveidé un
ekspluatacija, kas ieceréta ka multi-disciplinara pétnieciska laboratorija, balstita uz pasaulé

jaudigako neitronu avotu, fig.3.
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Fig.2. SNS atskaldito neitronu iekarta
1 — neitronu meérkis, 2 — gazes kondensators, 3 — mehaniskais siiknis,
4 — gizsardzibas siena, 5 — dzivsudraba tvertne, 6 — siltummainis, 7- kontiira
kolektors.
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Fig.3. Eiropas atskaldito neitronu iekartas (ESS-2003) principiala shema
1 - atskaldito neitronu mérkis

Aktivitate Nr. 1 - Neitronu atskaldiSanas prasibam atbilstoSo darba materialu
salidzinajums un atlase.

Neitronu atskaldiSana sakotng&ji tika veikta cieta materiala (volframa) mérkos. Tomer
zemas volframa siltumvadamibas dél ta izmantoSana ir ierobezota, it TpaSi pie nosaciti
lielam protona kiila jaudam. Tapéc tiek mekl&ti alternativi materiali.

Dzivsudrabs un svina bismuta sakaus€jums tiek uzskatiti par galvenajiem darba
kermeniem atskaldito neitronu iekartas.

Abi Sie metali raksturojas ne tikai ar labam termo-hidrauliskam 1pasibam
(elektrovadamiba, siltumietilpiba, zema viskozitate), bet arT ar augstu kapacitati neitronu
razoSana to atskaldiSanas procesa.

Dzivsudrabs (Hg)

P&c pasreiz€jas pieredzes atskaldito neitronu iekartas lideris ir dzivsudrabs Hg. To jau reali
izmanto SNS neitronu atskaldiSanas iekarta ASV un JAERI /KEK Japana, ka ari BARC
iekarta Indija.

Dzivsudrabs ir saméra inerts metals ar viszemako kuSanas temperatiiru, normalos
apstaklos dzivsudrabs ir Skidrums. Daba dzivsudrabs ievérojamos daudzumos ir sastopams
oksida veida. Dzivsudrabs veido sakausgjumus ar loti daudziem metaliem, ieskaitot zeltu,
aluminiju un sudrabu, bet ne ar dzelzi. Savienojumos dzivsudrabam parasti ir vértiba +1
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vai +2, loti retos gadijumos var but arT +3. Tirs dzivsudrabs nav parak toksisks, tacu ta
organiskie savienojumi (it ipasi metildzivsudrabs) ir loti toksiski. Dzivsudrabam ir saméra
laba korozijas izturiba un ta savienojumi ir diezgan nestabili. Dzivsudrabu riipnieciski
ieglist no cinobra ridas. Te jaatzimé LU Fizikas Institita potencials — unikala Hg
laboratorija, ka ari pieredze atskaldiSanas iekartu prototipu izstradg.

Viena no galvenajam dzivsudraba priekSrocibam ir ta, ka tas ir Skidrs pie istabas
temperatiiras, otra — tam nav kristaliskas fazes.

Konstrukcijas materialu korozija dzivsudraba ir diezgan siki izpétita.Te jaatzimé viegla
konstrukcijas materialu Skistamiba dzivsudraba. Tas intensitate ir atkariga no
temperatiras. Ar1 dzivsudraba ietekme uz konstrukcijas materialiem (pieméram uz
nertis§joso t€raudu) ir nieciga. Tikme@r erozijas procesi var tik noveroti dzivsudraba
kontiros, it Ipasi pie Skidra metala atrumiem lielakiem par 3m/s.

Te jaatzimé LU Fizikas Institita potencials — unikala Hg laboratorija, ka ar1 pieredze
atskaldiSanas iekartu prototipu izstrade.

Svina — bismuta (PbBi) eitektika

Savukart Eiropa pirmaja lielas jaudas projekta MEGAPIE darba materials bija PbBi
eitektika.

Pb —44,5%
Bi - 55,5%

Savas zemas kimiskas aktivitates d€] svina — bismuta eitektika, saskaroties ar gaisu, tideni,
vai ta tvaikiem ir uguns un eksplozijas dross sakaus€jums. Zems darba spiediens Skidra
metala kontiira palielina visas iekartas droSumu, vienkarSo iekartas ekspluataciju. Tomér
ka vienu no negativajam eitektikas Tpasibam jaatzime, ka tam sacietgjot palielinas tilpums
aptuveni par 1%. Tas var izsaukt papildus spriegumus konstrukcijas elementos un novest
pie to bojajumiem.
No PbBi eitektikas fazu diagrammas,fig.4 redzams, ka ta kuSanas temperatiira ir diezgan
zema - 135°C.

VariSanas temperatiira - 1670 °C;

Blivums - 10730 kg/me3.

Tas nozimé, ka darba temperatiira reala atskaldito neitronu iekarta varétu sasniegt pat 300
°C. Pie tada temperatiiras limena darba kermenis (PbBi) attieciba pret konstrukcijas
materialiem jau ir diezgan agresivs.. Tas nozimé, ka korozijas materiali apdraud konttru
piesarnoSanu un apgriitina iekartas ekspluataciju. Tomér ka galveno negativo eitektikas
PbBi 1pasibu jaatzimé tas, ka atskaldito neitronu reakcijas rezultata rodas radioaktivi un
ilgdzivojosi polonija izotopi. Bet ta jau ir ,,inde.”
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Fig. 4. PbBi fazu diagramma.

Tomér, neskatoties uz to daudzajam ekspluatacijas priekSrocibam, fizikalajam un
kimiskajam IpaSibam, min&tajiem darba kermeniem ir ar1 virkne ierobezojosu faktoru —
augsts tvaiku spiediens, zema variSanas temperatiira (Hg), augsta darba temperatiira,
korozijas procesi, polonija izotopu rasanas ekspluatacijas laika (PbBi)

u.c. Tas ir pamats jaunu materialu meklgjumiem.

PbAu ietektika.

Bitiska iecere ir paplasinat potenciali iespéjamo darba materialu klastu ar ekologiski
daudz drosakiem metaliem, vai to sakausgjumiem.

Ka viens no pretendentiem uz darba kermeni atskaldito neitronu iekartas tiek minéts ar1
svina zelta sakausgjums. Toties ka darba kermenis atskaldito neitronu iekartas tas ir maz
1zpéetits.

Sis materials ir diezgan eksotisks un ta praktiska izmantoSana saistita ar daudziem
nezinamajiem:

ka izgatavot attiecigu svina un zelta sastavdalu sakaus€jumu;
cik homogens biis sakausgjums;

kada ta sadarbiba ar konstrukcijas materialiem.

Tapéc ir jaapgist PbAu sakauséjuma ieguves tehnologija, jaizpéta ta termo hidrauliskas
pasibas, jaizverte korozijas aktivitati un ta savienojamibu ar konstrukcijas materialiem.

Sini sakariba LU Fizikas Institiita sadarbiba ar Sveices Pola Sérera institiitu tiek veikta §1
sakaus€juma tehnologisko un fizikalo ipasibu izpéte.

Svina - zelta sakaus€juma iegiiSanas tehnologisko uzdevumu apgriitina tas, ka svins ir
stipri oksid€joss metals. Ta virsma jau parklajas ar oksidu kartu pat pie minus zimes
temperatiiras. Bez tam jebkur$ svina 1&jums satur ievérojamu dalu oksidu ieslégumu veida.
No teikta izriet, ka nav iesp€jams iegiit brivu no oksidiem svina - zelta sakaus€jumu
vienkarsi saliekot tigel svina un zelta gabalus vajadziga proporcija.

Otrais tehnologiskais uzdevums bija tas, ka lai iegiitu homogenu PbBi sakaus&jumu,
procesa laika ir javeic abu komponentu aktiva samaisiSana.

Pirmais uzdevums, svina - zelta bezoksidu sakaus€juma iegtsana, ir atrisinats péc LUFI
izstradatas shémas, fig.5. un LUFI darbnica izgatavotas iekartas. Saskana ar principialo
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shému svina daudzums, kas ievérojami parsniedz sakaus€jumam vajadzigo, tiek ielikts
vakuumé&jama un ar inerto gazi (Ar) piepildita svina tvertné 1. Kaus€Sanas procesa tvertni
vakuumé. Kad svins tvertné un zelts tigell 4 ir izkaus€ti, un sasniegtas sakaus€juma
iegliSanai vajadzigas temperatiiras, svinam 520°C, zeltam virs 1060°C tiek atvérts iekartas
augsejais ventils un ar inertds gazes spiedienu no svina tvertnes tiek piepildits svina
dozators 2, kura tilpums precizi atbilst tam svina daudzumam, kas nepiecieSams dotajam
sakaus€jumam. Svinu nem no tvertnes vidus dalas, jo tur praktiski nav oksidu. P&c
dozatora aizpildiSanas aizver augs€jo ventili un atver apaks€jo. Doze€ts svina daudzums
tiek ievadits tigell ar izkaus@tu zeltu. PbAu sakaus€Sanai izmatotie tigeli ir izgatavoti no
aluminija oksidu keramikas ,,Alsint”, ir kimiski neitrali un ar temperatiiras izturibu lidz
2000°C.

Tigela karséSans tinums ir uztits ar elektriskas pretestibas vadu no materiala ,,Tanthal”,
kam darba temperatiira ir Iidz 1400°C.

Otrais uzdevums tika atrisinats ar to, ka PbAu sakauséSanas korpuss ar tigeli taja tika
ievietoti 3 fazu induktora 3. Indukrora skrejoSais magnétiskais lauks rada skidro PbAu
metalu rotacijas un virpulu kustibu tigeli. Lidz ar to kausé$anas procesa

tiek panakta abu komponetu aktiva samaisisanas.

U Tc. 2

Tc.lU

Pb

Tc. 3

Tc .4

Tc.5
Tc. 7
U < Tc. 6
| ]
S Tc.8
—Hc.9

Pb/Au
3
,5/

Fig. 5. Svina- zelta sakausejuma ieguves iekartas principiald shema.
1-svina tvertne; 2- svina dozators; 3- induktors; 4-tigelis.
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Ka paradits svina - -zelta eitektikas fazu diagramma ta kusanas temperatara ir 212,5°C, fig.
6.
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Fig.6. PbAu sakauséjuma fazu diagramma.

Saskana ar iegiita svina — zelta paraugu kristalizacijas procesa Iikni kuSanas — sacietéSanas
temperatira (215 °C), fig. 7. ir loti tuva teor&tiskai, fig.6. Tas raksturo izstradata
tehnologiska procesa kvalitati. NakoSais solis varétu biit zelta un svina komponensu
sadalfjuma izp@te sakaus€juma paraugos.
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Fig.7. PbAu eitektikas kristalizacijas raksturlikne.
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Ka jau iepriek§ minéts Skidro metalu vai to eitektiku izmantos$anas iesp&jai atskaldito
neitronu iekartds ir prasiba, lai pielietojamais materials izsauktu iesp&jami mazaku
konstrukcijas elementu koroziju.

Korozijas testa veikSanai LU Fizikas institiita tika izstradata divu konttiru konstrukcija, no
kuriem viena kontiira cirkulé PbBi eitektika, bet otraja - PbAu eitektika,fig.8. Testa
sekcijas ir iemontéti identiska materiala paraugi korozijas testam. Eitektiku cirkulacijas
atrumi abos konttiros praktiski ir vienadi - aptuveni — 1m/s. Tas dod iesp&ju salidzinat
konstrukcijas materialu korozijas intensitati abos sakaus€jumos, pie tam identiskos
apstaklos. Testa sekciju temperatiira tick automatiski uzturéta 400 + 2°C , jeb 1% robeZzas.

Fig.8. PbBi un PbAu sakauséjumu korozijas stenda principiald shema.
1 - sakauséjumu tvertnes; 2 — elektromagneétiskais sitknis, 3 — caurteces méritaji; 4 — paraugu testésanas
sekcijas; 5 — siltummaini.

Stends ir aprikots ar pilnu temperatiiras sadalijuma automatisku reguléSanu un mérisanu.
MeriSanu ar rezultatu pierakstu nodroSina datorsist€éma ar firmas ,,National Insrtumens”
FieldPoint komplektu un LabView programmatiru.

Tomér lai galigi izvEl€tos darba metalu atskaldito neitronu iekartai ir papildus javeic
detaliz€ta materialu termisko un kodolfizikas parametru analize, ka ar1 javeic to attieciga
eksperimentala parbaude.

Secinajumi

1. lIzstradata PbAu svina oksidu nesaturos$as eitektikas iegiiSanas tehnologija un
eksperimentala iekarta.

2. Eitektikas iegtiSanas tehnologijas pamata ir induktors ar rotéjoso

magnétisko lauku, kas rada Skidra metala grieSanas un virpulu kustibu, ta

panakot metalu komponensu labu samaisiSanos.

KauséSanas un PbAu kristalizacijas process norisinas vakuuma vide.

PbAu sakauséjumu kvalitates analizes tiks veiktas LU Cietvielu fizikas

Institita un Pola Sérera Institiita, Sveice.

W
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Uzlabotas litija tehnologijas izstrade plazmas attiriSanas iekartu
(divertoru) aktivo virsmu aizsardzibai

Eiropas Regionalas attistibas fonds, Projekta identifikacijas Nr.
2DP/262/2.1.1.1.0/10/APIA/VIAA/176
VienoSanas Nr. 2010/0262/2DP/2.1.1.0/10/APIA/VIAA/176

Projekta visparigais mérkis - veidot pamatu miisu zinatnes aktivai lidzdalibai augstajas
tehnologijas, saistitas ar kodolsintézes neitronu avotu izstradi un ekspluataciju.

Projekta specifiskais mérkis - butiski uzlabot tehnologiju, lai plazmas attiriSanas iekartai
(divertoram) var€tu uzticét ekologiski svarigu papildus funkciju, Gdenraza izotopu (tritija)
absorbciju un evakuaciju. Projekts un pétijums atbilst materialzinatnes un energétikas
nozarem.

Projekta ietvaros 1stenotajam darbibam nav saimniecisks raksturs, jo saskana ar MK
noteikumu Nr.752 3.1. apakSpunktu projekts atbilst $adiem kritérijiem:

1) Projektu Tsteno zinatniska institiicija, kas veic zinatnisko darbibu un zinatniskas
darbibas rezultatu izplatiSanu zinasanu un tehnologiju parneses veida;

2) Atlidzibu, kas iegiita, istenojot $1s pamatdarbibas, atkartoti tiek investéta pamatdarbiba;
3) Komersantiem, kuri var ietekmét zinatnisko institticiju ka tas akcionari vai dalibnieki,
nav prieksrocibu uz zinatniskas institiicijas pétijumu kapacitati vai tas raditajiem
p€tniecibas rezultatiem;

4) Projekta ietvaros tiks nodroSinata pétniecibas rezultatu publiska pieejamiba.

Lai nodroSinatu izvirzito mérku sasniegSanu, projekta ietvaros planots stenot Sadas
aktivitates:

1. Pétnieciba:

1.1. Ripnieciska p&tijuma aktivitates:

1.1.1. Udenraza izotopu detekt&3ana $kidra litija ka divertora aizsargmateriala;

1.1.2. Mijiedarbibas procesu izp&te uz litija un nertisgjosa t€rauda SS316L kontaktvirsmas
atkaribas no tehnologiskiem parametriem;

1.1.3. Optimalo parametru noteikSana litija pliismai uz slipas profilétas virsmas
gravitacijas speka ietekme arpus magnétiska lauka.

1.1.4. MHD procesu izp&te pliistosa plana litija slant un priekslikumu izstrade magnétiska
lauka iedarbes korekcijai.

1.2. Eksperimentala izstrade:

1.2.1. Ar skidru litiju aizsargatas divertora virsmas modela izveide.;

2. Pétniecibas rezultatu publiskas pieejamibas nodrosinasana;

3. Pétniecibas rezultatu riipnieciska TpaSuma tiesibu nostiprinasana.

Projekta TstenoSanas vieta — ,,Latvijas Universitates Fizikas institiits”, Miera iela 32,
Salaspils, Salaspils novads, LV-2169.

Planotais kopgjais projekta istenosanas ilgums: 36 ménesi.

Projekta planotas attiecinamas izmaksas ir 481154 lati.
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2010. gada paveiktais

Projekta
piedalijas:
1 Platacis Ernests
2 Bucenieks Imants
3 Klukins Aleksandrs
4 Muktupavela  Faina
5 Romancuks Alberts
6 Sisko Andrejs
7 Vitins Aigars
8 lvanovs Sergejs
9 Kravalis Kalvis
10 Ziks Anatolijs
11 Broka Maija
12 Jurgensons Andris
13 Pagasts Inguss

Udenraza izotopu detektéSana Skidra litija ka divertora aizsargmateriala

Meérkis — uzlabot tehnologiju tidenraza izotopu absorbcijai un evakuacijai
kodoltermiska reaktora divertora

levads

Kodolsinteézes TOKAMAK tipa reaktoros ,fig. 1. divertors ir viena no ta svarigakajam
sastavdalam, kura nodrosina vakuumkameras pirmas sienas aizsardzibu pret augstas
temperattras plazmu.

LU Fizikas institats — 2010



Fig. 1. Kodolsintezes reaktora kopskats

1- magnetvads; 2 —vakuumkamera; 3 — primara tinuma spoles; 4 — toroidald lauka spoles; 5 —

poloidala lauka spoles,; 6 — divertora zona.

Karstas termokodolu plazmas iedarbiba uz sienam un vajadziga plazmas sastava
uzturéSana ietver sevi veselu rindu sarezgitu problému:
- dalinu pliismas uz sienu un sienas erozijas samazinasanu,
- plazma generétas energijas aizvadisanu,
- piemaisijumu pliismas no sienas uz plazmu samazinasanu,

- termokodolu reakcijas produkta — hélija un piemaisijumu aizvadiSsanu no

plazmas u.t.t
Lai atrisinatu $ada veida problémas, TOKAMAK vakuumkamera tiek organizéta
speciala divertora zona, kura no augstas temperatiiras plazmas plismas periferijas (gar

magnétiska lauka separatrisi) tiek izvaditas piemaisijumu dalinas, hélijs, iidenraza izotopu

— deitérija un tritija kodoli, fig. 2. [1, 2].

| \TiHotTrap

Fig.2.  Shéma udenraza izotopu un plazmas piemaisijumu izvadisanai no plazmas
augsttemperaturas zonas
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Tiesi Saja divertora zona lokalizgjas sadarbiba starp karsto plazmu un piemaisijumu
uztverSanas divertora iekartam (UDI). Tam ir jaaizvada lieli siltuma energijas daudzumi,
kas var sashiegt 25 MW/m?. Izdarita analize parada, ka “tradicionala” koncepcija —
divertora plaksnes ar cietu dzes€jamo virsmu nevar nodroSinat apmierinoSu UDI tehnisko
risinajumu.

TOKAMAK reaktoros, kas domati neitronu razoSanai, kur plismas jauda nav tik
intensiva, cietie PDU var&tu apmierinat §1s prasibas, bet to zemas absorbcijas Tpasibas
pasliktina izlades nosacijumus un biitiski pasliktina augstas temperatiiras plazmas 1pasibas.
Stradajot ar nekustigu absorbg&joso slani, ka Iidz Sim, nov@rojama atra ta piesatinasanas.
Bez tam, nepastav iesp&ja piemaisijumus evakuét.

P&dgjos gados veiktie eksperimenti realos TOKAMAK reaktoros paradija, ka litija
klatbutne PDU ta vai citadi uzlabo augstas temperatiiras plazmas 1pasibas un lauj butiski
samazinat jaudu, kas nepiecieSama plazmas sakars€Sanai. To varétu izskaidrot ar litija
unikalajam 1pasibam absorbét no plazmas aizejosas dalinas.

Izejot no augstak minéta , reaktoros-neitronu avotos ka UDI iesaka izmantot
dzes€jamas divertora plaksnes, kas ir parklatas ar planu lejup tekosu litija plévi, fig. 3a,
vai striklu barjeru, fig. 3b.

Sada litija pleve darbojas ka pastavigi atjaunojama darba virsma, kura tiesi
kontakt&jas ar plazmu. Pie tam siltuma jaudas aizvadiSanu nodroSina dzes€jamas divertora
plaksnes, bet skidrais litijs uz So plaks$nu virsmas ir vajadzigs tikai plazmas piemaisijumu
absorbcijai un to aizvadiSanai.

. length of test plate = 200 mm
Test plate: width of plate =100 mm

3@*‘*
L+) \"‘n\b
~ﬂ
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Fig.3. lekartas shema iidenraza izotopu absorbcijai
a —ar planas skidra litija pléves | a b — ar stritklu barjeras palidzibu b

Aktivitate Nr. 1.
Tritija sorbcijas desorbcijas eksperimenti ar $kidra litija virsmu

Kodolsintézes reaktoru degvielas - iidenraza izotopu — (iesp&jamas gan tritija, gan
deiterija un idenraza plazmas reakcijas) sorbcija, aizture Skidra litija viennozimigi pilniba
vel nav izpétita [3].

Deiterijs un tritijs, iedarbojoties ar $kidra litija virsmu, var tikt sakerti. Deiterijs un
tritijs var sorbéties, veidot ktmiskus savienojumus — deiteridus, tritidus gan uz skidra litija
virsmas, gan tilpuma. Process ir saistits gan ar tidenraza izotopu $kiSanu $kidraja litija, gan
reakciju kingtiku.
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Ekonomiski svarigi ir nezaudét kodoldegvielu, radit iesp&ju viegli attirit Skidro litiju no
tritija, nepalielinat radioaktivo piesarnojuma kategoriju.

Merkis ir izpétit deiterija vai tritija saistiSanos ar litiju, desorbcijas pakapi atkariba no
deiterija un tritija koncentracijas, piemaisijumu koncentracijas u.c., ka ar novertet
kodoldegvielas (deiterija vai tritija) aiztures pakapi un izdalisanas efektivitati.

Tritija izdaliSanas pakapi un aizturi litija var€s modelét, veicot tritija termoizdaliSanos
no neitronos apstarota litija. Paredz&to darbu veikSanai izstradata eksperimentu tehnika un
metodika.

Organizatoriskie pasakumi

Darba vietas planoSana

Tritija sorbcijas desorbcijas sisteému skices

Tritija detekt€Sanas sistemas izveide

Tritija avota paraugu izvéle un sagatavoSana

Tritija kalibrésanas avotu sagatavo$ana

Tritija m@raparatiras kalibréSanas sist€mas izveide

Tritija meriSanas iekartu kalibréSana

Darba un apkart€jas vides virsmu kontroles sist€mas izveide

Eksperimentala tehnika un metodes

Tritija meriekartu kalibré$ana

Tritija aktivitati gazes faz& méra nepartraukti ar tritija un c€lgazu monitora TEM2100A
gazes caurpliides proporcionalo tritija detektoru DDH32 un $kidra faze ar skidro
scintilatoru spektrometru TRICRAB2900.

Tritiju saturo$u kalibréSanas paraugu sagatavoSanu veic ar tritija standartiem, kurus
atSkaida 1idz nepiecieSamai tritija koncentracijai intervala 0,001 -100 MBg. Monitora
TEM2100A detektora DDH32 kalibrésanai sakomplekte un saslédz sistému, kura sastav
no skalotnes ar tritija ideni, kolbas ar taja ievietotu mitruma un temperatiiras sensoru un
nesgjgazes pievadu. KalibréSanas sistému savieno ar tritija monitoru un veic kalibréSanu,
neséjgazes skaitiSanas gazes padeves atrums attiecigi - 11-12 un 35-37 L/min.
Kalibrésanas koeficients 7.62*10"4 Bg/(m3*cps) .

Tritija noteikSanai $kidra fazg izmanto skidro scintilatoru spektrometru
TRICRAB2900, kalibrg ar speciali sagatavotiem standart§kidumiem, nosaka beta dalinu
spektra parametrus spektra korelacijas koeficientus, registréSanas efektivitati. Darbam

izvelets ULTIMA Gold scintilaciju kokteilis. Tritija registréSanas efektivitate — 65 0.

Tritija termosorbcijas $kidra litija eksperimenti

Tritija termosorbcijas petijumiem izmanto metalisko litiju. Neitronos staroti tritiju
saturoSi paraugi kalpo par gazveida tritija avotu. Darbus veic inerta atmosféra speciala
boksa. Boksa argona atmosfera litija paraugu sver un izmera parametrus.

Plakana 500 mm gara kvarca ampula ar 1-2 mm biezam sieninam, kurai ir tris
saSaurinajumi, atseviskas vietas ievieto tritija avotu un trs litija paraugus ar metala
(EUROFER, RUSOFER) plaksnitém, fig. 4. Ampulas dala aiz pirma sasaurinajuma
ievieto10-15 GBq tritiju saturo$u paraugu, aiz otra, tre$a un ceturta saSaurinagjuma ievieto
plaksnites ar litiju. P&c paraugu ievietoSanas ampulu degaze 11dz 0, 15 Pa, aizkause.
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Tritija sorbcijas eksperimentiem ampulu novieto horizontali. Ampulas 3 dalas ar litiju
un metala plaksniteém uzkarse [idz 180 C temperatiirai un litijs pariet $kidra stavokli.
Gazveida tritiju iegiist ampulas dalu ar tritija avotu karsgjot 1idz 1000-1050 C. Izdalitais
tritijs ir 7-9 GBq robezas. Sorbcijas kinétikas eksperimentus veic 3-15 stundas. Ampulu
eksperimentu laika ievieto kratitaja.

Tritija parcialo spiedienu ampula nosaka sekojosi - ampulu ievieto saspiezama
plastikata caurulg, pievieno tritija monitoram, ar knaiblém nolauz kvarca caurulei galus un
tritiju ar nes€jgazi iepu§ monitora TEM2100A proporcionalaja gazu caurplides detektora
DDH32. Nosaka kopgjo tritija daudzumu ampula.

Tritija parcialo spiedienu ampula aprékina pamatojoties uz idealas gazes likuma
sakaribu, ka pV= NKT, kur p — spiediens, V — tilpums, N — molekulu skaits, k —Bolcmana
konstante, T —temperatira.

air _,—
inlet — 2

| E— _— outlet to
—_—
)( f ‘/TEM 2100A

[ %N

N 4

Fig. 4. Shéma tritija aktivitates noteikSanai ampula
1 — balons ar nes€jgazi; 2 — saspiezama plastikata caurule; 3 — kvarca ampula ar
tritija avotu un 3 litija paraugiem uz plaksniteém; 4 —2,3 L skalotne tritija atSkaidiSanai.

Paraugos aiztureta tritija termodesorbcija.

Boksa argona atmosfera litija paraugu ievieto termodesorbcijas sistéma un karsg l1idz
300 C temperatiirai, lai sadalitu iesp&jamo litija tritidu. Tritiju méra ar monitoru
TEM2100A, aprékina izdalita tritija daudzumu. Radiacijas ietekmes uz tritija sorbciju un
desorbciju novertésanai izveidota sistéma, kura izmanto linearo elektronu paatrinataju
ELU-4, fig.5.
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7 outlet

PC 6 3

LINAC ELU-4

Fig.5. Shéma radidcijas ietekmes pétijumiem uz tritija izdalisSanos no Skidra litija:

: 1 —P-10 gazes balons ar 2-pakapju reduktoru; 2 - nes€jgazes He + 0.1% H, balons ar 2-pakapju reduktoru 3
— ventilis ar rotametru; 4 —ampula ar $kidro litiju, kurai pievienots termoparis un elektriskais silditajs; 5 —
caurule ar zinka granulam, kurai pievienots termoparis un elektriskais silditajs; 6 — tritija monitors TEM
2100A ar tritium detectoru DDH 32; 7 — skalotne tritija savak$anai; 8 — a temperature controles ickarta; 9 —
multivoltmetrs ar multiplekseri

10 — elektronu kiila detektéSanas rezgis; 12 — stravas par voltiem devgjs; 13 — a Hall-effect transducer; 14 —
aizsardziba pret joniz&joSo starojumu; PC — dators; LINAC ELU-4.— linearais electronu paatrinatajs.

AktivitateNr. 2.

Mijiedarbibas procesu izpéete uz litija un neruséjosa terauda SS316L kontaktvirsmas
atkaribas no tehnologiskiem parametriem.

Ka viens no svarigakajiem faktoriem planas litija pléves kustibai uz slipas nertisgjosa
teérauda plaksnes ir laba matricas virsmas slapinasanas nodros§inasana.

Ka to izdarit?

Slapinasanas procesi uz Li — nertis§josa térauda (316, 316L) vienme@r bija uzmanibas
centra, neskatoties uz to, ka ir uzkrata liela teorétiska un eksperimentala pieredze. Janem
véra, ka slapinasanas process ir Joti sarezgits un atkarigs no daudziem faktoriem.
Svarigakie no tiem ir:

- kontakt&joSo materialu atomu uzbuve;

- iesp&ja mijiedarbibai peéc fazu diagrammas;

- cietas vielas tiriba;

- temperatura,

- piemaistjumi Skidra metala un cieta viela utt.

Divertora projekta izskatitie materiali (t€rauds SS316L un litijs) Iidz Sim nebija pétiti
atkariba no slapinasanas tehnologiskiem parametriem. Tapéc, lai nodroSinatu projekta
uzstaditas prasibas (teicama slapinasana, teicama litija plistamiba), tiek izstradata jauna
uzlabota litija slapinasanas tehnologija. Ta ietver:

- térauda virsmas attiriSanas procesu izpéti, kontrol€jot to ar analitiskam,
optiskam un mikromehaniskam metodém;
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- piem&rotu kusnu noteikSanu;

- attiecigu temperatiiras un hidrodinamisko reZimu pieméroSanu;

- precizu slapinasanas lenka noteikSanu, izmantojot SEM un AFM
metodes.

Kvalitativai térauda virsmas slapinasanas parbaudei stenda STL 300 instal&ts specials
$im vajadzibam piemérots litija kontlrs, fig. 6.

:
H

Fig. 6.
"l Stends STL 300
Aktivitte Nr.3

Optimalo parametru noteikSana litija pliismai uz slipas profilétas virsmas
gravitacijas spéka ietekme arpus magnétiska lauka.

Pléves mazais biezums (ideali lidz 100 um) aizkavé tas sabrukSanu, kad uz to, plazmai
sabriikot, iedarbojas lielas impulsveida elektromagnétiskas slodzes.

No visa ta izriet vajadziba pétit planu litija plévju absorbcijas -desorbcijas ipasibas
attieciba pret deiteriju un tritiju atkariba no ta koncentracijas un temperatiiras. Tada
analize laus noveértet laiku, kada pléve varés efektivi noturét uz to kritosas dalinas un
formul@t prasibas attieciba pret litija pléves tec€Sanas atrumu.

Paredzeto darbu veikSanai izstradata speciala stenda principiala shéma, fig. 4. Ta
realizacija planota nakoSajos trijos ménesos.
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Fig.7. Termo — vakuumkameras principiald shéma
1 - termo — vakuumkamera; 2- $kidra litija kontirs

Secinajumi

Saskana ar laika grafiku pirmaja progresa atskaites perioda (3 meén.) uzsakti darbi trijas
aktivitates:
- Tritija sorbcijas - desorbcijas eksperimenti ar $kidra litija virsmu;
- Mijiedarbibas procesu izpéte uz litija un neriiséjosa térauda SS316L
kontaktvirsmas atkaribas no tehnologiskiem parametriem;
- Optimalo parametru noteikSana litija pliismai uz slipas profilétas virsmas
gravitacijas spéka ietekme arpus magnétiska lauka.

Pirmas aktivitates darbi ietvera:

e csoso udenraza izotopu (deiterija un tritija ) sorbcijas — desorbcijas metozu analizi;
e tritija standartSkidumu sagatavoSanu,

e tritija detekteSanas iekartu dezaktivizaciju un

e kalibréSanu ar standartavotiem.

Otra aktivitate :

e litija un nertisgjosa te€rauda virsmu slapinasanas izvértésanu atkariba no tehnologiskiem
parametriem;

e atbilstoSu eksperimentalo metozu un attiecigas aparatiiras analizi;

e litija kontiira montazu augsttemperatiiras stenda STL 300.

Tre$a aktivitate ietvera
e cksperimentala stenda projektéSanu darbam ar atklatu litija virsmu un
e attiecigas datu monitoringa sist€émas izstradi.

Sagatavots un iesniegts MHD PAMIR konferencei Francija referats:
Stability of liquid metal jets in the context of fusion applications.

O. Lielausis’, A. Klukins®. E. Platacis®, | Bucenieks',R Gomes?, H.Fernandes?, C. Silva®

! Institut of Physics of University of Latvia, 32 Miera Street, Salaspils, LV-2169,Latvia
?Instituto de Plasmas e Fus&o Nuclear - Laborat6rio Associado, Instituto Superior Técnico,
Av. Rovisco Pais, 1049-001 Lisboa, Portugal
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Sadarbibas projekts

Dazadas izcelsmes atjaunojamo kurinamo maisijumu jauna veida
granulétu produktu izveido$ana ekologiski tiru un efektivu degS§anas un
siltuma razoSanas procesu nodrosinasanai ar biutiski uzlabotu $o procesu
tehnologiju
Nr. 2010/0241/2DP/2.1.1.1.0/10/AP1A/V1AA/006
Projekta vaditajs: LUFI vadosa petniece M. Zake

|zpilditaji:
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Darba visparéejais raksturojums

Projekta aktivitates un to izpilde 1. parskata perioda

1. Pétnieciba:

1.1. raipnieciskie pétijjumi

1.1.1. Izpétes darbs, lai iegltu jaunas
zinasanas  par  dazadas izcelsmes
atjaunojamo kurinamo maisijumu
sagatavoSanas un granuléSanas metodém,
reZimiem un  granuléto  maisjjumu
raksturojoso parametru kopuma
optimizacijas metodém.

1.2. eksperimentalas izstradnes un izpéte
1.2.1. Preciza sastava dazadas izcelsmes
atjaunojamo  kurinamo  maistjumu -
agrokultiru salmu un koksnes vai lignina
biomasas maistjumu izveidoSana, So
maisijumu optimalo granuléSanas rezimu
izveidoSana un granul&sana.

1.2.2. Granuléto maisijumu raksturojoso
parametru  eksperimentala  izp€te, to
izveért§jums un optimizacija atkariba no
dazadas izcelsmes atjaunojamo kurindmo
proporcijam maisijuma.

1.1.2. Izpétes darbs, lai iegiitu jaunas
zinaSanas par efektivu un ekologiski tiru
atjaunojama kurinama degsanas un siltuma
razoSanas procesu izveidi un $o procesu
regul&Sanas iespgjam, izmantojot
augstfrekvences elektromagnétiska lauka
(EM) rezonanses svarstibas.

1.2.3. Granuléto maisijumu degSanas,
siltuma razoSanas procesu un emisiju
veidoSanas izp€te un optimizacija, izvertgjot
korelacijas starp So procesu un granul&to
maisjjumu  sastdva  un  raksturojoSo
parametru izmainam.

1.2.4. Jaunas tehnologijas izstrade granul&to
maisijumu ekologiski tiru un efektivu
degSanas un siltuma razoSanas procesu
izveidei un to reguléSanai; augstfrekvences
EM svarstibu rezonatora izveide; rezonatora
optimalo raksturojoso lielumu (frekvences,
jaudas) un optimala pievienoSanas veida
izpéte, augstfrekvences rezonanses svarstibu
ietekmes  izvert§jums uz  granul&to
maisijumu degSanas, siltuma raZoSanas
procesiem un emisiju veido$anos.

1.2.5. Jauno produktu un jaunas tehnologijas
aprobacija uz vietgjas apkures un
ripnieciskas energijas razo$anas iekartam.

2. Pétniecibas rezultatu publiskas
pieejamibas nodroSinasana

Petijumu rezultatu parskatu sagatavoSana
institiciju majas lapas, prezentaciju un
publicgjamo  materialu ~ sagatavoSana
Starptautiskam konferencém un publikaciju
sagatavoSana SCI zinatniskiem
izdevumiem.

3. Petniecibas rezultatu ruapnieciska
ipaSuma tiesibu nostiprinasana

Starptautisku patentu pieteikumu
sagatavoSana par jaunu granulétu produktu
izveidoSanu un jaunas tehnologijas izstradni
So produktu eckologiski tirai un efektivai
sadedzinasanai.
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LUFI projekts ,,Dazadas izcelsmes atjaunojamo kurinamo maisijumu jauna veida
granulétu produktu izveidoSana ekologiski tiru un efektivu degS§anas un siltuma
razoSanas procesu nodrosinasanai ar bitiski uzlabotu $o procesu tehnologiju ”
Atbilstosi projekta ietverto pétniecibas laika grafikam 1. parskata perioda ir veikts darbs
saistiba ar aktivitattm Nr.1 — ,P&tnieciba” un Nr.2- ,P&tniecibas rezultatu publiskas
pieejamibas nodrosinasana.”

Aktivitates Nr.1 izpilde dota parskata perioda saistita ar ripnieciskiem pétijumiem
aktivitaSu 1.1.1 un 1.1.2 ietvaros, kurus veic LVKKI (1.1.1) un LUFI (1.1.2) izpilditaji.

1. Preciza sastava dazadas izcelsmes atjaunojamo kurinamo maisijumu — agrokultiiras
salmu un koksnes vai lignina biomasas maisijumu izveidoSanu, $o maisijumu
optimalo granuléSanas rezimu izveidoSanu un granulésanu (1.2.1.- LVKKI);

2. Granuléto maistjumu raksturojoso parametru eksperimentalo izpéti, to izvertgjumu
un optimizaciju atkariba no dazadas izcelsmes atjaunojamo kurinamo proporcijam
maistjuma (1.2.2-LVKKI);

3. Granuléto maisijumu degSanas, siltuma razoSanas procesu un emisiju veidoSanas
izp€ti un optimizaciju, izvertgjot korelacijas starp So procesu un granul&to
maisijumu sastava un raksturojoSo parametru izmainam (1.2.3.-LUFI);

4. Jaunas tehnologijas izstradi granuléto maisTjumu ekologiski tiru un efektivu
degSanas un siltuma razoSanas procesu izveidei un regul@Sanai, rezonatora
optimalo raksturojoso lielumu (frekvences, jaudas) un optimala pievienoSanas
veida izpéti, ka arT augstfrekvences rezonanses svarstibu ietekmes izvertejumu uz

granul€to maisjjumu degSanas, siltuma razosanas procesiem un emisiju veido$anos
(1.2.4.-LUFI) .
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Aktivitates 1.2.2. izpilde (LVKKI)

1.1.2. Izpétes darbs, lai iegiitu jaunas zinaSanas par efektivu un ekologiski tiru
atjaunojama kurinama degSanas un siltuma razoSanas procesu izveidi un $o procesu
regulésanas iespéjam, izmantojot augstfrekvences elektromagnétiska lauka (EM)
rezonanses svarstibas.

Originali rupnieciskie pétijumi, kas saistiti ar aktivitates 1.1.2 izpildi LUFI ir sakti
jaunas zinasanas par dazadas izcelsmes biomasu izmantoS$anas iesp&jam ekologiski tiru un
efektivu degSanas un siltuma razoSanas procesu izveidei un So procesu kontroles iesp&jam.
Viens no veidiem ka nodros$inat stabilu degSanas un siltuma razoSanu, siltuma raZoSanai
izmantojot dazadas izcelsmes biomasas, ir veikt biomasas granuléSanu, nodroSinat
kontrolgjamu biomasas energétisko blivumu, elementaro, sastavu, siltumsp&u un
mitrumu, kas paver iesp&jas nodrosinat siltuma raZoanas procesa automatizaciju. Sada
veida petfjumi ir paredzeti un tiek veikti saistiba ar aktivitates 1.1.1. izpildi. Tom&r ne
mazak svarigi ir nodro$inat ari efektivu un ekologiski tiru degSanas procesu, ko iesp&jams
panakt, izveidojot liesmas virpulpliismas ar kontrol§jamu degSanas procesu dinamiku,
papildus kontrolei izmantojot ar&jos laukus — elektrisko, magnétisko un elektromagnétisko
(EM) un izveértgjot So lauku un liesmas virpulplismas mijiedarbibas efektus un to
izmantoSanas iesp&jas atjaunojama kurinama degSanas un siltuma razo$anas procesu, ka
ar1 emisiju kontrolei.

Ripniecisko pétijjumu veik$anai LUFI ir izveidota originala mazas jaudas
eksperimentala iekarta diskrétu porciju (Iidz 500g) dazadas izcelsmes granulétas biomasas
degSanas un siltuma razosanas procesu izpétei liesmas virpulpliisma (1. zim.).

ZImgju
ms.
Univer
sala
eksperi
mental
a
iekarta 4
dazada
S
izcels
mes
granulé
tu I -
biomas A B
u degSanas procesu izpé€tei un So procesu kontrolei.

Iekartas konfiguracija nodrosina iesp&jas plasas robezas izmainit degSanas procesu
sakuma nosacijumus, dazadas proporcijas mainot primara un sekundara gaisa padevi,
papildus siltuma padevi kombin&ta degSanas procesa biomasas gazifikacijas procesa
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ierosinasanai un gaistoso savienojumu sadedzinasanai, ka art veikt argjo lauku un liesmas
mijiedarbibas efektu izpéti, izmainot So lauku konfiguraciju un intensitati.

Iekartas galvenas sastavdalas ir biomasas gazifikators (1) un dzes€jams sekcionéts kanals,
pa kura garumu notiek gaistoSo savienojumu sadedzinasana (6). Gazifikatora pamatné zem
granulu slana tiek padots primarais gaiss (3), kas nepiecieSams biomasas gazifikacijai.
Virs granulu slana no tangencialam atverém (5) tiek padots sekundarais gaiss, kas
nodroS$ina gaisa virptlpliismas veidoSanos gazifikatora izeja ar relativi augstu virpulskaitli
5~0,8-1,34, kura lielumu nosaka atruma vektora aksiala Vs un tangenciala Vi atruma
komponentes:

R R
//\\\ _ //\ S =(IPVaXVtgrzer/[RIPVaxzrer
~ 0 0

\
\
I Liesmas virpulplismas ar augstu virpulskaitli (5>0,6)
~ l raksturojas ar recirkulacijas zonas veidoSanos
| degSanas zonas pamatné (2.zim), kas nodroSina
/

\ / ~ == degvielas un gaisa plismas sajaukSanos un pilnigu
\ \ \ I | / sadedzinasanu.
\ o / . . o
/ \ / 2. zZim&jums. Recirkulacijas zonas veidoSanas liesmas
\\ / Y virpulpliismas sakuma stadija.

Granuléta biomasa gazifikatora tiek uzbeérta uz nertis€josa terauda sieta (2), zem kura ir
novietota tvertne pelnu savakSanai (8). Virs granulu slana ir novietots propana deglis ar
kontrolgjamu papildus siltuma padevi (Q) granulu slana augseja dala (4), kas ierosina
biomasas termisko sadaliSanos, gaistoSo savienojumu veido$anos un pilnigu
sadedzinaSanu:

CH 140 0,611,050 +Qgasit —CO2+0,7H20+Qcomp.

DegSanas procesu pétijumiem liesmas virpulpliisma tiek izmantotas diagnostikas sekcijas
(7) ar atver€m, kuras ir iesp€jams izmantot, lai gaistoSo savienojumu degSanas zona
ievaditu termoparus un zondes lokaliem liesmas temperatiiras, sastdva un atruma
mérfjumiem dazadas biomasas gazifikacijas un degSanas procesa attistibas stadijas ar
datorizétu mérijumu registraciju un datu apstradi. Liesmas atruma mé&rfjumiem izmanto
Pito cauruliti, bet sastava m&rTjjumiem - paraugu nonemsanas zondi ar datu izvadi uz Testo
350 XL. FTIR spektrometrs tiek izmantots lokaliem liesmas spektrala sastava
mérjjumiem.

Riipnieciskie biomasas degSanas procesa veidoSanas pétijumi liesmas virpulpliisma
apliecina, ka izveidota eksperimentala iekarta ir piemérota granulétas biomasas degSanas
procesa izveidei, nodroSinot stabilu degSanas zonas veidoSanos liesmas centrala dala, kura
liesmas temperatiira, CO; tilpuma koncentracija un degSanas procesa efektivitate sasniedz
maksimalo veértibu, bet briva skabekla koncentracija samazinas lidz minimalai vértibai,
kas intensiva gaistoSo savienojuma degSanas procesa neparsniedz 4-6% (3. zZim&jums).
Papildus siltuma padeve granulu slani nodroSina intensivaku gaistoSo savienojumu
veidoSanos un pilnigaku to sadedzinasana, izraisot degSanas zonas paplaSinaSanos ar
izteiktu degSanas procesa efektivitates palielinaSanos liesmas argja dala un vienlaicigu
iekartas siltuma razibas pieaugumu (3. zim.).
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3. zim&jums. CO; tilpuma koncentracijas, temperatiras un degsanas procesa efektivitates
radiala sadalfjuma veido$anas liesmas virpulplisma un sarazotas siltuma energijas
izmainas, palielinot papildus siltuma padevi gazifikatora koksnes biomasas degSanas
procesa.

Ar1 degSanas procesu kinétiskie petijumi apliecina, ka papildus siltuma padeve bitiski
ietekmé& biomasas degSanas procesa veidosanos liesmas virpulplisma, nodroSinot atraku
gaisto$o savienojumu uzliesmoSanu un pilnigaku to sadedzinasanu, lidz ar to palielinot
degSanas procesa efektivitati un iekartas siltuma razibu (4. zim&ums). Tomér vienlaicigi
ar papildus siltuma padeves palielinasanu gazifikatora izeja ir vérojama ar1 neliela slapekla
oksidu emisiju Iimenpa palielinaSanas, kas izraisa nepiecieSamibu meklet papildus
risinajumus degSanas procesa kontrolei virpulpliismas.
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4. zim&jums. lekartas siltuma jaudas, degSanas procesa efektivitates un degSanas produktu
sastava izmainas kombinéta koksnes biomasas un propana degSanas procesa.

Riipnieciskie petijumi sadarbiba ar VKKI ir apliecinajusi, ka eksperimentala iekarta, kura
degSanas procesa izveidei tiek izmantota liesmas virpulplisma ar augstu virpulskaitli
(5=0,7-1,2), ir izmantojama dazadas izcelsmes granulétas biomasas sadedzinasanu
(koksnes, salmu, ligninu), kas raksturojas ar saméra atSkirigu elementaros sastavu,
mitrumu, pelnu saturu un siltumspé&ju (1., 2. tab.) [1,2].

1. tabula. Dazadas izcelsmes biomasu elementarais sastavs un siltumspéja

Biomasas veids HHV, | Klasona Elementarais sastavs, %
KWh/ | lignina - F"C T"'H | N [ Swp | Saegs | Pelni
kg saturs , %
Koksne 5.4 28.8 50.2 | 6.3 | 0.24 | 0.13 0.02 0.60
Koksnes LHR 3/4 6.2 515 552 | 48 | 0.43 0.32 0.15 0.40
Kviesu salmu LHR 54 444 49.7 | 5.3 1.1 0.35 0.11 6.4
1142
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2. tabula. Dazadas izcelsmes biomasu energétiskais blivums un mitrums

Biomasa Mitrums,% Zemaka Blivums Energgtiskais | DU,%
siltumspéja kg/m? blivums,

(LHV), MW#*h/m?

kWh/kg
Koksnes LHR 3/4 7.6 54 735 4.0 97.7
KvieSu salmu LHR 9.2 4.6 720 3.3 98.8
1142
koksne 7.2 4.7 699 3.3 98.6

Salidzinot degSanas procesus, kas veidojas liesmas virpulplisma, sadedzinot dazadas
izcelsmes biomasu ir konstatéts [2], ka gaistoSo savienojumu degSanas process nodroSina
saméra augstu degsanas zonas temperatiiru (Iidz 1500-1600K), nodro$inot iekartas siltuma
jaudu lidz 2kJ/s un augstu oglekla-neitralo CO; koncentraciju dimgazes (lidz 16%) (5.
zim&jums), kuru maksimalos lielumus degSanas procesa bitiski ietekm& oglekla saturs
biomasa un biomasas siltumspg&ja (1. un 2. tab.). Augstaka iekartas siltuma raziba ar
augstaku CO; koncentraciju produktos un augstaku degSanas zonas temperatiru ir
verojama lignina degSanas procesa, kas raksturojas ar lielaku oglekla saturu un augstaku
siltumsp&ju salidzinot ar koksnes vai salmu granulam. So riipniecisko p&tfjumu rezultata ir
konstatéts ari, ka intensiva gaistoSo sajaukSanas ar gaisa virpulplismu liesmas
recirkulacijas zona nodroSina pilnigu to sadedzinasanu, bitiski samazinot CO
koncentraciju produktos. P&tijumu rezultata ir konstatéts, ka CO koncentraciju granulétas
koksnes biomasas degSanas procesa, izmantojot liesmas virpulplismas, ir iesp&jams
samazinat Iidz 40 ppm, bet lignina degSanas procesa - lidz 60ppm. Mazak izteikta CO
koncentracijas samazinasanas - lidz 150ppm vérojama granuléto salmu degSanas procesa.
Relativi augsta degSanas zonas temperatiira sekmé ar1 slapekla oksidu veidoSanas, kuru
koncentraciju produktos butiski ietekmé dazadas izcelsmes biomasu elementara sastava
atSkiribas un slapekla satura izmainas biomasa [2]. Eksperimentalie petijumi apliecina, ka
pie apméram vienadas degSanas zonas temperattiras (1350-1400 K) pastav tieSa lineara
korelacija starp slapekla saturu biomasa (1. tabula) un NO emisiju koncentraciju dimgazes
- visintensivaka slapekla oksidu veidosanas (lidz 500ppm) ir vérojama, sadedzinot salmu
granulas, kuras ir ar1 visaugstakais slapekla saturs, kas sasniedz 1,15% (1. tab.). Relativi
zemaks slapekla emisiju [imenis- [idz 300ppm ve@rojams granuléta lignina degSanas
procesa, kuram slapekla saturs ir 0,43%, bet vismazakais slapeklu oksidu emisiju Iimenis-
90-100ppm vérojams, sadedzinot koksnes biomasu, kura slapekla koncentracija
neparsniedz 0,24% (1. tabula).
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5. Zim&ums. DegSanas zonas temperatiiras, sarazotd siltuma un sastava kinétiskie
petijumi, sadedzinot dazadas izcelsmes granulétu biomasu (koksni, salmus, ligninu)
liesmas virpulpliisma.

Augstais slapekla emisiju Iltmenis, kas veidojas salmu degSanas procesa, izraisa
nepiecieSamibu meklet papildus risinajumus ka $o emisiju Iimeni samazinat, vienlaikus
nodroSinot kontrolgjamu iekartas siltuma razibu. Biitiba tas ir viens no projekta merkiem
un uzdevumiem, kas tiks risinati projekta riipniecisko pétijumu procesa. Ka viens no
iesp&jamiem risinajumiem ir vienlaiciga salmu un koksnes vai ligninu sadedzinasana, kas
lautu ierobezot So kaitigo slapekla oksidu veidosanos degSanas un siltuma razoSanas
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6.zim&jums. Slapekla emisiju [imena izmainas koksnes, lignina, salmu degSanas procesa
un dazadas izcelsmes biomasu maisijumu —lignina un koksnes vai salmu un koksnes
degSanas procesa.
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Veicot dazadas izcelsmes biomasu degSanas procesu riipnieciskos petijumus dota projekta
ietvaros, ir veikti arT detaliz&ti So biomasu termiskas sadaliSanas un gazifikacijas procesu
petijumi, kas veidojas pie ierobezotas gaisa padeves gazifikatora (0~0,2-0,3) un butiski
ietekm@ degSanas procesa veidosanos. Biomasas gazifikacijas procesu pétijumi ir veikti,
izvertejot papildus siltuma padeves jaudas un padeves ilguma ietekmi uz dazadas
izcelsmes biomasu gazifikacijas procesu kinétiku, kuras ierosinaSana ir biutiska, lai
nodro$inatu stabilu un kontrol€jamu gaistoSo savienojumu veidoSanos un kontrolgjama
biomasas degSanas procesa veidoSanos liesmas virpulplisma. Biomasas gazifikacijas
procesu pétijumi ir veikti pie ierobezotas gaisa padeves (0~0,2-0,3) gazifikatora, kad
galvenie biomasas gazifikacijas produkti ir CO un H,. So pétfjumu rezultati apliecina, ka
papildus siltuma padeve granulu slani nodroSina atraku un efektivaku biomasas termisko
sadaliSanos ar kontrolgjamu gaistoso savienojumu (CO, H;) veidoSanos [3,4], kuru
koncentraciju degSanas procesa sakuma stadija var izmainit, izmainot papildus siltuma
padeves jaudu un padeves ilgumu iekarta (7.zZimgjums). Salidzinot koksnes un salmu
granulu gazifikacijas procesus ir redzams, ka salmu granulas, kuram ir zemaka gaistoSo
savienojumu koncentracija (71%) salidzinot to ar koksnes granulam (81%), raksturojas ar
intensivaku un ilgstosaku gaistoSo savienojumu veidoSanos gazifikacijas procesa beigu
stadija, kuru raksturo oglekla degSanas/reduc€sanas procesi gazifikatora pamatné.
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A 2.-m,g; salmi- prop.1,15kJ/s,100s, gaiss-18l/min
* 3.-m,g; salmi- prop.1,0kJ/s,100s, gaiss-18I/min

7. Zim&jums. Papildus siltuma padeves ietekme uz gaistoSo savienojumu veido$anos un
biomasas svara izmainam biomasas termiskas sadaliSanas un gaistoSo savienojumu
veidoSanas procesa.

Tomér veidojot kombinéto degSanas procesu ar vienlaicigu fosila un atjaunojama
kurinama sadedzinasanu ir jaatzime, kas fosila kurinama izmanto$ana atjaunojama
kurinama termiskas sadaliSanas ierosinasanai un degSanas procesu kontrolei un
reguléSanai ir saistita ar siltumnicas efektu izraisoSo CO, emisiju veidosanos kombiné&ta
degSanas procesa, kas pie 20-25% papildus siltuma padeves iekarta sasniedz 10-15% no
kopgjam CO; emisijam. Lidz ar to ripniecisko pé&tijumu ietvaros ir veikti papildus
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petfjumi, kuru merkis ir noskaidrot biomasas termiskas sadaliSanas, degSanas un siltuma
razoSanas procesu alternativas kontroles un reguléSanas iespgjas, izmantojot §im nolikam
aréjo spekus (magnétisko, elektrisko, elektromagnétisko), kas izraisa galvenokart
virpulplismas dinamikas izmainas un savstarpgji saistito siltuma un masas parneses
procesus izmainas liesmas recirkulacijas zona, lidz ar to izmainot biomasas termiskas
sadaliSanas procesus, ka ari gaistoSo savienojumu sajaukSanos ar gaisa virpulpliismu,
izmainot gaisto$o savienojumu veidosanas, uzliesmosanas un degSanas procesu kin&tiku.

Degsanas procesu kontroles un regul€Sanas iesp&ju petijumi, izmantojot argja magné&tiska
lauka un liesmas mijiedarbibas efektus, ir balstiti uz magnétiska speka F izraisito
paramagnétiska skabekla parnesi lauka gradienta virziena, kura lielumu un mijiedarbibas
efektivitati nosaka skabekla magnétiska uznémiba Xp, magnétiska lauka indukcija B un
lauka gradients degSanas zonas pamatné dB/dz: F=2*Xo,/u*BdB/dz. Lai veiktu §is
mijiedarbibas efektu detaliz€tus petijumus, tika modificéta eksperimentala iekarta,
izmantojot pastavigo magnétu ar magnétiska lauka konfiguraciju [5,6], kas nodrosSinaja
magnétiska lauka aksiala gradienta veidoSanos liesmas recirkulacijas zona, kas sasniedz
1,6-1,8 T/m, intensific§jot paramagnétiska skabekla parnesi virziena uz granulétas
biomasas virsmu. Magnétiska lauka un
virpulplismas  mijiedarbibas  p@tfjumi  ir
apliecingjusi, ka $is mijiedarbibas rezultata
veidojas liesmas struktiiras (8. zIm&ums) un
lokalas liesmas sastava izmainas, izraisot
degsanas procesa efektivitates un iekartas siltuma
razibas izmainas (9. zim.) [5,6].

8. zim&ums. Liesmas virpulpliismas
struktiiras izmainas magnétiska lauka un liesmas
mijiedarbibas procesa.

Sie pétfjumi apliecina, aréja lauka un liesmas
mijiedarbibas efektus ir iesp&ams izmantot
degsanas procesu kontrolei un reguléSanai, tomér
mijiedarbibas efekts ir butiski atkarigs no
gaistoSo savienojumu veidoSanas biomasas termiskas sadaliSanas procesa un ir relativi
mazs, ja netiek nodroSinata papildus siltuma padeve granulu slani biomasas gazifikacijai,
kas ierobezo magnétiska lauka izmantoSanas iesp€jas. Piedevam magnétiska lauka
izmantoSana degSanas procesa kontrolei ir saistiba ar nepiecieSamiba pievienot magn&tu
degganas iekartai, kas ripnieciskas degsanas iekartas ir stipri apgritinata. ST iemesla dél
tika veikti pétfjumi, lai noskaidrotu iesp&jas biomasas degSanas procesu kontrolei izmantot
argja elektriska lauka (pastaviga un mainiga) un liesmas mijiedarbibas efektus.
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Pastaviga elektriska lauka un liesmas virpulplismas

mijiedarbibas efektu izpétei LUFI ir veikta
eksperimentalas iekartas modifikacija (10.
zim&jums), liesmas virpulplisma aksiali
Awwoaon dov ievietojot elektrodu (4) un mainot $1 elektroda
polaritati un potencialu attieciba pret kameras
sienam robezas no -3kV lidz +3kV, bet stravu
argja keéde ierobezojot Iidz 100mA, lai novérstu
izlades veidoSanos liesmas virpulplisma.

AARIAAIAND

10. zim&ums. Eksperimentalas iekartas
modifikacija biomasas degSanas procesu
elektriskai kontrolei.

Argja elektriska lauka un liesmas mijiedarbibas
efekts pamatvilcienos ir balstits ar elektriska
speka izraisito pozitivo jonu (CHO®, CoH,",
etc.) parnesi lauka virziena [7], bet elastigas
jonu sadursmés ar neitralajam liesmas dalinam
notiek impulsu apmaina, izraisot savstarpg&ji
saistitu siltuma un masas parnesi lauka
virziena. Riipnieciskie ar¢ja elektriska lauka un
liesmas virpulplismas mijiedarbibas pétijumi
granulétas biomasas degSanas procesa ir
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apliecinajusi, ka saméra izteikts ar€ja lauka un liesmas virpulpliismas mijiedarbibas efekts
ir verojams, ja centrala elektroda potencials ir pozitivs un tiek intensific€ta pozitivo jonu
parnese virziena uz liesmas argjo dalu, izraisot savstarpgji saistttu siltuma un masas
parnesi virziena no liesmas centralas uz tas ar§jo dalu, vienlaikus izmainot plismas
dinamiku un gaisto$o savienojumu veidosanos biomasas termiskas sadaliSanas procesa.
Pie dotas lauka konfiguracijas tiek intensificéta gaistoSo savienojumu sajauksanas ar gaisa
virpulplismu un ir vérojama degSanas procesu intensifikacija liesmas argja dala, izraisot
degSanas zonas paplaSinaSanos, bet samazinot gaisa padeves parsvaru gaistoSo
savienojumu deg$anas zona (9. zim&jums). [7] So pétijumu rezultata ir konstatéts, ka argja
elektriska lauka un liesmas virpulplismas mijiedarbibas efekti sp&j nodrosinat biomasas
degSanas un siltuma razoSanas procesu kontroli, nodro$inot optimalu elektriska lauka un
liesmas mijiedarbibas efektu jau pie saméra neliela centrala elektroda potenciala, kas
neparsniedz 1,5- 2 kV (11. zim&jums) [7] .
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11. zZim&ums. Arcja pastaviga elektriska lauka ietekme uz virpulplismas atruma
komponenSu (Vax, Vi) vidgéjam vertibam, gaistoSo savienojumu (CO,H,) veidoSanos
koksnes biomasas termiskas sadaliSanas procesa, degsSanas produktu (CO;) koncentraciju
un gaisa padeves parsvaru degSanas zona.

Turpinot elektriska lauka un liesmas mijiedarbibas efektu petijumus atbilstosi
projekta meérkiem un uzdevumiem saistiba ar aktivitates 1.1.2. izpildi, ir sakti ari
rupnieciskos pétijumi, lai noskaidrotu iesp€jas biomasas gazifikacijas un degSanas procesu
kontrolei izmantot ari mainigos elektromagnétiskos laukus. So pétfjumu veikSanai ir
iegadati vairaki augstfrekvences generatori, kas darbojas diskrétas frekvencu joslas
(v=13,56 un 40,58 mHz), nodrosinot augstfrekvences rezonanses svarstibu ierosinasanu,
ka arT augstfrekvences izladi gaistoSo savienojumu veidosanas un degsanas zona. AtSkiriba
no argja pastaviga elektriska lauka un liesmas mijiedarbibas efektiem, kas balstijas uz
argja lauka ierosinatu siltuma un masas parnesi lauka virziena, ko nosaka galvenokart
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impulsu apmaina jonu un neitralo dalinu elastigds sadursmes, augstfrekvences izlades
veidoSanas pie elektroda virsmas ir saistita ar intensivu energijas apmainu neelastigas
elektronu un neitralo dalinu sadursmes, veidojot So dalinu - oglidenrazu molekulu un to
radikalu, ka ar7 skabekla ierosinatus limenus un Iidz ar to ierosinot gaistoSo savienojumu
uzliesmosanu un degSanu. Jaatzime, ka Iidzigs augstfrekvences rezonanses svarstibu
izlades efekts, ierosinot izladi pie elektroda virsmas, tiek izmantots iekSdedzes dzingjos,
intensificgjot degvielas uzliesmosanu un sadedzinaSanu. Lai noskaidrotu augstfrekvences
EM rezonanses izmantoSanas iespgjas dazadas izcelsmes biomasu gazifikacijas un
degSanas procesu kontrolei, izmantojot augstfrekvences rezonanses svarstibas, tika veikti
pirmie pétijumi, ierosinot augstfrekvences izladi (12. zim.) gaistoSo savienojumu
veidosanas zona [7].
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12. zZim&ums. Augstfrekvences svarstibu izlades ierosinasana un izlades voltampéra
raksturlikne.

Sie pirmie pétijumi ir jau apliecinajusi, ka augstfrekvences rezonanses svarstibu
ierosinasana gaistoSo savienojumu veidoSanas un degSanas procesa veicina gaisto$o
savienojumu veidoSanos, uzliesmosanu un pilnigaku to sadedzinasanu ar domingjosu CO;
koncentracijas palielinaSanos un korelgjoSu gaisa padeves parsvara samazinasanos
degSanas procesa, vienlaikus palielinot degSanas produktu temperatiru un degSanas
procesa efektivitati (13. zim.), intensific§jot ari NOy veidoSanos liesmas virpulpliisma un
palielinot NOy koncentraciju dimgazés. Turpinot pétijumus par degSanas procesu
kontroles iesp&jam ir nepiecieSsams noteikt optimalo augstfrekvences svarstibu frekvenci
un elektrodu konfiguraciju, lai nodroSinatu stabilus un kontrolg§jamus dazadas izcelsmes
biomasas degSanas procesus, palielinot degSanas procesa efektivitati un vienlaikus
ierobezojot NOy veidosanos biomasas degSanas procesa.
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13.Zim&jums. Augstfrekvences rezonanses svarstibu ietekme uz degSanas produktu
sastavu, temperatiiru un degSanas procesa efektivitati.

Aktivitates 1.2.3. izpilde.

1.2.3. Granuléto maistjumu degSanas, siltuma raZzoSanas procesu un emisiju veidosanas
izpete un optimizacija, izvertgjot korelacijas starp So procesu un granuléto maisjjumu
sastava un raksturojoSo parametru izmainam.

Uz riipniecisko pétijumu bazes aktivitates 1.2.3. ietvaros atbilstosi projekta laika grafikam
(sk. 5.Ipp.) no 2011. g. janvara ir saktas eksperimentalas izstrades saistiba ar granul&tu
biomasu deg8anas maisijumu ekologiski tiru un efektivu degSanas procesu izveidi un
emisiju veidoSanas izp€ti un optimizaciju. Ir sagatavotas diagnostikas metodes lokaliem
liesmas temperatiiras un sastava mérijumiem, ka ari sarazota siltuma daudzuma
kalorimetriskiem me&rjjumiem. Ir sagatavots darbam gazu analizators Testo 350 XL,
iegadajoties jaunas mérStnas degSanas produktu sastdva merjjumiem. Ir sagatavots
darbam spektralais aparats FTIR, veicot aparata gradu€Sanu lokaliem gaistoSo
savienojumu un degsSanas produktu koncentracijas merjjumiem. Ir veikti spektrala sastava
merfjumi granul&tas biomasas degSanas procesa veidosanas sakuma stadija.
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1. zim&jums. DegSanas produktu sastavs granulétas gaisto$o savienojumu degSanas

procesa sakuma stadija.

P&tijumu rezultata ir konstatéts, ka granul&tas biomasas (koksnes, salmu) degSanas
procesa sakuma stadija veidojas CO, Hz, CO, un neliels daudzums CH, Tipisks IR
spektrs, kas raksturo sarazotas gazes sastavu, ir redzams 1. zim&juma. Visintensivako CO,
absorbcijas joslu IR spektra rajona novéro pie v=2329-2362cm™, bet CO absorbciju
novéro IR spektra rajona v=1970-2200 cm™. So joslu relativas intensitites atkarigas no
CO; un CO koncentracijas gazifikacijas procesa un mainas dazadas gazifikacijas procesa
stadijas. Relativi vajas CHs absorbcijas joslas veido$anos pie 3015cm ™ novéro
gazifikacijas procesa sakuma stadija (t<1000s). Gazveida produktos ir konstat€ts ari
neliels daudzums H,0, veidojot plagu absorbcijas joslu spektra rajond no 3151cm™ lidz
3756 cm™ (10. attgls).
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Aktivitates 1.2.4. izpilde.

1.2.4. Jaunas tehnologijas izstrade granuléto maisijumu ekologiski tiru un efektivu
degSanas un siltuma razoSanas procesu izveidei un to reguléSanai; augstfrekvences EM
svarstibu rezonatora izveide; rezonatora optimalo raksturojoso lielumu (frekvences,
jaudas) un optimala pievienoSanas veida izpéte, augstfrekvences rezonanses svarstibu
ietekmes izveért&jums uz granuléto maisijumu degSanas, siltuma razo$anas procesiem un
emisiju veidosanos.

Uz ripniecisko pétijumu bazes aktivitates 1.2.4. ietvaros atbilstosi projekta laika grafikam
(sk. 5.Ipp.) no 2011. g. janvara ir sakta jaunas tehnologijas izstrade granuléto maisijumu
ekologiski tiru un efektivu degsanas procesu izveidei, izvértgjot augstfrekvences EM un
liesmas virpulpliismas mijiedarbibas efektus. Ir iegadats augstfrekvences generators RFX
600 ar darba frekvenci 13 MHz , ir veikta §1 generatora raksturliknu parbaude un ir
izvertetas iesp&jas izmantot §o generatoru granulétas biomasas degSanas procesu kontrolei.

-Publikaciju saraksts saistiba ar aktivitates N2. izpildi

1. A. Arshanitsa, G. Telisheva, T.Dizhbite, I. Barmina, M. Zake, Pelletizing Process
of Non-hydrolyzed Residues from Wheat Straw Ethanol Production and Fuel
Characteristics of Pellets Obtained, Proc. Venice 2010, Third International
Symposium on Energy from Biomass and Waste, 2010, pp.5.

2. A. Arshanitsa, I. Barmina, A. Andersone, G. Telysheva, M. Zake. Processing and
Complex Research of the Main Characteristics of Pelletized Lignocellulosic
Materials for Clean and Effective Energy Production. Proceedings of the 6-th
International Scientific Colloquium. Modeling for Material Processing, 2010, Riga,
pp. 151-156.

3. 1. Barmina, V. Krishko, A. Lickrastina, M. Zake, The Effect of Co-gasification of
the Biomass Pellets with Gas on the Thermal Degradation of Biomass,
International Conference 1CheaP10, Florence, Italy, 2011, pp.6.

4. 1. Barmina, A. Lickrastina, V. Suzdalenko, M. Zake, Gasification of Pelletized
Rrenewable Fuel for Clean Energy Production, 2011, Fuel, pp. 12, (sagatavots
publicésanai SCI zurnala “Fuel”).

5. 1. Barmina, M. Zake, Effects of Magnetic Field on Swirling Flame, Proceedings of
the 6-th International Scientific Colloquium. Modeling for Material Processing,
Riga, pp.145-150.

6. M. Zake, |. Barmina, |. Bucenieks, V. Krishko, Magnetic field control of
combustion  dynamics of the swirling flame flow, In: Magnetohydrodynamics,
2010, 46, Nr.2, pp. 171-186.

7. 1. Barmina, M. Purmalis, J. Valdmanis, M. Zake. Electric Field Effects on the
Combustion Characteristics of Renewable Fuel. Proceedings of the 6-th
International Scientific Colloquium. Modeling for Material Processing, 2010, Riga,
pp. 285-290.
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3. PHYSICS PROGRAMME - FUSION PHYSICS

3.1. Developing and delivering of Ga installations for tests on ISTTOK and FTU

Principal  investigator:  E.Platacis.  Staf  members:OL.ielausis,J.Freibergs,
A.Klukins,J.Peinbergs, D.Maurins,, K.Kravalis

nav numeracijas Gallium jet power extraction capability.

The practical importance of all the investigations with heavy liquid metal free surface
flows would be scaled down significantly if problems would be connected with the
introduction of Ga jets in the vacuum chamber of Tokamak type facilities, if Ga jets would
be clearly unable to withstand corresponding heat and particle loads, etc. Definite answers
to these questions were gained in experiments with Ga jets on the small size Tokamak
ISTTOK {R=0.46m; r=0.085m; B=0.45T; T(0)=150eV; ne(0)=5x10"m?; 1,~6kA;
V=3V}{1;2;3]. It was found that ISTTOK has been successfully operated with the
gallium jet without degradation of the discharge or a significant plasma contamination by
the liquid metal. Definite modification of jets trajectory has been fixed, discussion about
the reasons started. Finally, first conclusions about the jets power extraction capability
have been drawn. Let us concentrate on this last result first described in 2010 in our
collaborative publication [3]. The schematic cross-section of ISTTOK’s vacuum chamber
and of the implemented setup is presented in Fig.3.1.1.
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injectorH: ] manipulator
i / Fig.3.1.1. Cross-section of the discharge chamber of
T ISTTOK
Tokamak [:Jﬂ]:m
vessel After passing the plasma the corresponding increase
“//fN'JZZ'e of the jets surface temperature was measured using
absolutely calibrated multi-channel IR sensors. The

specially installed viewing window was located
approximately 0.5 m tbelow the central plane , At
velocities under consideration (2.5m/s) during the 30
Jet positioning  ms long discharge an approx. 6 cm long (diameter d =
;E“frfn o 0.23cm) segment of the jet becomes exposed to the

plasma. The acting LM volume can be estimated as
Ouartz 0.250 cm®. The temperature of this volume increases for
L - viewing 103" C, which allows us to say that 2.4 kW have been
; LL window extracted by the jet. The volumetric load is rather high
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1
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e ~ 10 kW/ecm®.  Some specific surface loads can also
4 F be deduced. Considering the load as frontal — 2.4 kW /
) dD;?I':';r (0.23x6) cm?® = 1.9 kW/cm?. Considering the load as
distributed over the full surface of the jet — 2.4 kW /

.— Gallium 4.3 cm?= 0.6 kW/cm?. Let us take some average value,

collector say, 1 kW/cm? = 10 MW/m? Such a load is already
fully divertor relevant. The high spatial stability of the
jets body should be emphasized . During the 30 ms long discharge the contour of the jet
inside the plasma was fixed on video. A practically stagnant picture can be seen, in spite
of exposure of the jet to complex perturbations acting for the short time period 30 ms.
During the same time after passing the plasma the jets trajectory along its full length
becomes remarkably modified. The pictures inside the plasma are showing the situation
directly (approx.12cm) after the nozzle. In the region of the viewing window a definite
deflection of the jet was fixed. The window is placed at a distance 496 mm below the
equatorial plane. To produce the measured 10mm shift during the pulse duration (30ms)
an average force of 4 mN has to be be applied to the acting element of the jet.
The established fact that after touching the plasma the jets trajectory becomes modified
can be considered as another significant result of the Lisbon-Riga collaboration. In [1] a
number of potential reasons for the jets replacement have been mentioned: mechanical
stress in the injector due to chamber compression; MHD forces due to the presence of 3D
magnetic field gradients; plasma kinetic pressure; induction of currents in the full jet or in
the segment of the jet immersed in plasma. Let us concentrate on this last rudimentary
mechanism. The full liquid gallium loop installed on ISTTOK has been carefully designed
to avoid large scale currents by using electrical isolators in specific positions along the
circuit. However, as the prime circuit breaking mechanism, the break-up of jets in droplets
has to be considered.

W

Break-up of liquid metal jets.

If the jet remains included in a closed electrical circuit, directly induced jxB forces could
be responsible for a great number of different instabilities. The well known Rayleigh
instability was assumed to cause the circuit disconnection with the subsequent break-up of
jets into droplets.
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Fig.3.1.2. Determination of the break-up length for heavy liquid metal jets.

The results for the break-up of liquid metal jets are presented in Fig.3.1.2a. With an
acceptable accuracy the relative length of the continuous part of the jet can be described
by a dependence on the Weber number: L/d = 4.2 We? where “L” stays for the length of
the continuous part of the jet and “d” for the diameter of the nozzle. The Weber number
We = pVZd / o characterizes the ratio of the inertial forces to the surface tension forces and
consists of the density p, velocity of the jet v, diameter of the nozzle d and surface tension
o. If a not very high accuracy is required such a linear dependence of L/d on We'? can be
used also in other branches of hydromechanics, in the so called quasi-turbulent regime.
The physical parameters of the liquid as well as the conditions of the experiment can
slightly influence the coefficient of proportionality or “stability”. So, for water values 3.8-
4.0 have been proposed. The experiments shown in Fig.3.1.2a were performed in the
frame of our Lisbon-Riga collaboration. Simple cylindrical nozzles were used, the break-
up point was determined by photo/video techniques. The cross section of one of such
nozzles is shown in Fig.3.1.2b. It is worth mentioning that the presented expression
remains valid also for a definite number of equally spaced nozzles (separated at least for
1.5-2 d). In such a context the points marked in Fig.3.1.2a by “5” have to be considered as
especially informative. These values have been taken from [4], an important article on
MHD of liquid metal jets, describing a completely different set of experiments,
specifically shaped nozzles, etc. Completely independent are also the results shown in
Fig.3.1.2c. The corresponding values of the parameters were taken [5]. The parameters of
this experiment are interesting - Hg jets issuing from a thin d=0.5mm nozzle with up to
10m/s velocities. As before, a linear dependence of L/D on Wh'? can be deduced, with the
coefficient of stability 3.2.

However, the permanent presence of strong magnetic fields should not to bee forgotten.
Interesting tendencies in the development of free surface LM MHD flows were
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demonstrated already in [6]. In experiments with InGaSn at up to 4T fields heavy
problems were detected in generation of stable flows in flat open beds. On the other hand,
in generation of flat and round jets the influence of the field was clearly stabilizing.
Pronounced damping of splashes of jets hitting solid obstacles was also observed.

If the basic influence of the field is stabilizing there are reasons to expect that in the case
when the magnetic field is applied to the nozzle the break-up length will grow. Modelling
experiments with mercury were performed in [7] covering the range of nozzle diameters d
= 1.0; 0.75; 0.5 and 0.25 mm and velocities up to 5 m/s. The nozzles were placed in a gap
of an electromagnet with permendure field concentrators creating up to 3.3T strong
transverse magnetic field. It was found that with a good approximation the relative
increase of the break-up length L/L, can be described by a linear dependence on the
relation Ha/Re, where L, is the above mentioned break-up length without field, Ha and Re
are the Hartman and Reynolds numbers. The length of the continuous part of the jet was
measured by means of a displaceable electrical contact, an increase for up to 50% was
found.

In additional experiments InGaSn was used. Nozzles of d =1.5 mm and d =2.5 were
placed in an up to 3.5T strong transverse field. An increase of almost 100% was reached.
Again, in the first approximation the relation Ha/Re could be considered as the leading
parameter, however, the dependence of L/L, on Ha/Re was more complex, already
nonlinear. Efforts to reconcile these two results result in a fully empirical expression L/Lo
= 1+0.75 HaY*/Re™™. The accuracy of this expression is shown in Fig.3.1.3. In spite of the
crude approximation it seems possible to understand the behaviour of a jet under real
reactor relevant conditions, the intensity of the corresponding MHD interactions, etc. Let
us consider the magnetic fields in the range 3-5 T, the velocities in the range 5-10 m/s and
the diameters of the jets in the range of 5-7 mm. The corresponding values of Ha'”® Re **
remain within the limits 0.4-0.7. According to Fig.3.1.3 this means that under conditions
of real reactors a jet length increase by 30-50 % can be expected. This is a remarkable
value.
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Fig.3.1.3. Increase of the break —up length if a magnetic field is applied to the nozzle.

Testing of active techniques for jets disintegration.
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All the above considerations are leading to the conclusion that today we are able to
predict the point of jets disintegration in a rather crude approximation. It is typical for
estimates when hydro-mechanical instabilities have been taken into account. In the
experiments on ISTTOK described above the achieved accuracy in the determination of
the location of the break-up point was fully acceptable, because the construction of the
vacuum chamber (Fig.3.1.1.) allowed for a free downward passage of the jet. However, in
the general case a better accuracy is required. A controllable displacement of the point of
jets disintegration is also required. As an example the situation can be considered when it
was necessary to go over with the experiments from ISTTOK to the mock-up of FTU
ENEA. On FTU the inlet of the hydraulic system is placed in a horizontal port and the
outlet in a downward directed vertical port. The free flying Ga jet must join these ports,
touching the plasma in the frame of SOL (Fig.3.1.4a).

Fig. 3.1.4 illustrates a version of an active action when in front of the nozzle the jet is
excited/perturbed in the range of frequencies 1-1*10°. The perturbations are introduced
mechanically by means of a vibrating membrane (Fig.3.1.4b). In Fig.3.1.4c,d a photo is
presented where the vibrator placed before the nozzle can be seen relative to the borders of
the Scrape Of Layer ( SOL). It is clear that because of the low power not significant
changes in the jet behaviour should be expected. The installation was aimed mainly at a
smart “adaptation” of the jets break-up point relative to the borders of the SOL as clearly
marked in the mock-up. Fig.4e shows a situation when the break-up point is located
already somewhat inside the SOL. Fig.3.1.4f demonstrates how the break-up point can be
transferred directly to the outer border of the SOL.

Fig.3.1.5 illustrates another version when the jet is partly stopped by an obstacle in the
form of a flat plate. The geometry of the stopping installation is shown in Fig. 3.1.5a. In
Fig.3.1.5b the location of the stopper with regard to the contour of the SOL inside the
mock-up can be seen.
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Fig.3.1.4 Shifting of the break-up point by slight mechanical perturbation of the jet.

To start feeling the influence of MHD interaction the jet was targeted against a thin Cu
plate. The Cu layer was glued on the surface of a permanent magnet generating in the
region of the flowing InGaSn an orthogonal magnetic field with the intensity of the order
of 0.6 T. This means that the generation of the classical Hartman effects was ensured. For
comparison, in another set of experiments the Cu plate was glued on the surface of a non-
magnetic body of the same shape. Crucial for these experiments is the role of the surface
tension forces. After contacting a properly wetted Cu surface the round d=2.5mm jet
becomes spread and flattened practically over the full 3 cm width of the breaking plate,
both in the case with the magnet (Fig.3.1.5c) as well as in the case without the magnet
(Fig.3.1.5e). InFig.3.1.5d
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Fig.3.1.5. Breaking of a round jet after targeting against a flat obstacle.

and Fig.3.1.5f situations are presented when the jet is touching upon a Cu plate
preliminary not wetted. The surface becomes wetted gradually by the jet itself. The
phenomenon of spreading remains present, however, in a less pronounced way. Against
the background of the direct and strong influence of the surface tension it was difficult to
estimate reliably the influence of the MHD forces. However, the work is in a very early
stage. To broaden the applicability of the results it is foreseen to define the dependences of
the characteristic parameters on the Stuart and Weber numbers, i.e. the dependences on the
relation of the inertial forces to the electromagnetic and to the surface tension forces.
Conclusion
According to the Workplane 2010 the main task was connected with the design of a Ga
installation for FTU. The corresponding Ga loops hav to be adapted to the complex
entrance and outlet conditions typical to FTU.The experiments were performed on a
specially installed scale 1:1 hydraulic mock-up.. Essential is the introduction of active
techniques for jets disintegration. Expressions for the break-up control by means of the
Rayleigh instability have also been improved, estimates for the influence of the strong
typical to FTUmagnetic field. made. Crucial remains the established fact that Ga jets are
able to withstand surprisingly high power loads when crossing the plasma,
All the principle components of the Ga installation were manufactured and tested on the
mock-up. The expected transfer of these main components to FTU has been delayed.In
2010 the facility was not accessable for the corresponding task
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Flow structures in pressurized LM targets.

The initial experience gained within the MEGAPIE project has remarkably
influenced practically all the other designs. However, it should be remembered that in the
case of MEGAPIE it was necessary to meet a great number of specific needs connected
with the adaptation of the LM target design to the existing strongly defined boundary
conditions. Since a circular upward directed beam was given the outer shape of the target
was in fact prescribed, in the form of a vertically erected cylindrical vessel. The conditions
for the exploitation of the neutron yield were excellent, around for 360°. However,
practically only one scheme for LM motion could be proposed, downward along the walls
and upward in the centre along the beam. The problem with the dead water zone in the
reverse point appeared immediately. In reality it was necessary to design and install a
coupled system of EM pumps, for the main stream and for a beam window cooling jet. In
the main part of other designs the proton beam is directed horizontally. Additionally, the
target station can be fully new and independently designed. However, the tendency
remains to stretch the target and its communications in beams direction, as it still would be
necessary to use the full space around the target.

On Fig.1the principle scheme of the main motion in the SNS target has been
shown. The power becomes deposited in the along the beam returning flow. A dead water
zone in the zero point is clearly present. And it was impossible to avoid the corresponding
bad consequences, even taking special additional measures, making the target more
complex.

On Fig.2 the principle scheme of the main motion in the JEARI/KEK (Japanese
Neutron Project) target is presented. The heat is deposited in a mainly cross to the beam
directed flow, the window is cooled in more natural way. It is named a cross flow target,
in comparison with the above mentioned return flow target. For the 5 MW design the
average velocity reaches 1 m/s, the velocity near the window somewhat less 1m/s. The
total flow rate is fixed at 187 kg/s. It should be underlined that before the final design the
velocity field was carefully computed and checked experimentally.

On Fig.3 (Platnieks) the idea is illustrated that in optimum case the flow should be
directed downwards along the short side of the beams ellipsoidal cross section. At a fixed
temperature increase such a target would work with the lowest velocities since the way
cross to the beam would be made shorter. The inside structure is also presented which in
principle would ensure a full adaptation of the velocity field to the spatial power
distribution inside the target.

Fig.4 (Buligins) illustrates the complex pressure distribution inside the ESS reference
design target. The velocity field was effectively corrected by means of introducing
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changes in the targets shape only. It is interesting to mention that people are much more
enthusiastic in computing the velocity fields compared with the examination of pressures,
stresses, etc. However, exactly the pressure should be considered as the final agent, which
is able to transfer into a disaster the after effects of such long running processes as erosion,
corrosion, cavitation, etc.

On Fig.5 the ESS-Liquid Metal Target Circuit is shown, presented as the Conceptual
working base in the 2" Status report October 1995. In the vicinity of the beam window a
pressure of the order of 7 bar has been accepted. One of the reasons for such a high
pressure, it is the traditional way the circuit has been composed of. As a rule, the pump has
been placed directly in the front of the most responsible element, the target, in the same
time also in a safe place after the heat exchanger. As the result, inside the target a pressure
is needed to bring the LM back to the inlet of the pump, through the main part of the loop
including such pressure consuming elements as heat exchanger, etc. In such a sense all the
considered till now targets should defined as belonging to the return flow type.
Additionally, a definite overpressure is needed to avoid cavitation at the sharp turns of
velocity in the vicinity of the window, etc.
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Characteristics of a low pressure cross flow target.

A pressurized version of an “ideal” downward directed cross flow target was
presented in Fig.3. To make the concept more realistic let us simplify the boundary
conditions. Let us give up with the idea of a full adaptation of the velocity field to the
spatial distribution of power. Let us consider the integrated over the beams cross section
power and its distribution along the depth “z” of the target. It means that the distribution of
the downward directed velocity also will depend only on this coordinate. Such a
distribution is presented Fig.6. An essential comment, these velocities are surprisingly
low. The mean over the depth “z” velocity equals to 10cm/s, by an order lower then the
mentioned average velocity 1 m/s in the case of the JEARI target (Fig.2). According to the
experience with the JEARI target such a smooth velocity profile should be theoretically
considered as realizable. Never the less, let us part the target along its depth in, say, four
parts with constant velocity inside each of the sections. The mean velocity for each
section can be found on the velocity curve.

Inside the body of the target the main pressure is deposited on the hydraulic
structure bending the stream for 90° and injecting it downwards in the form of a jet, in
principle. On Fig.6 this structure is represented very schematically. In reality such an
injector will occupy a definite volume over the beam with a rather complex internal
structure. However, this structure can be made especially strong and partly independent. It
IS necessary to guarantee that after the outlet, in the frame of the beam, the volume of the
jet remains fully homogeneous. The side surfaces of the jet, approximately defined by the
width of the beam, should also be stable and smooth. In this connection it should be
remembered that the effective thickness of the beam equals to 6 cm only. To meet these
requirements traditional in principle methods could be considered which were developed
for creation of stable jets, for formation of hydraulic outlets of other type, etc. Of course,
because of the specificity of the concrete boundary conditions essential additional R&D
work will be needed. Below the beam another flow controlling system has been foreseen,
on the picture schematically characterized by a stepwise changing grid. After passing the
beam (and the grid) the stream continues to move in a quasi-free space. At the end it
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closed target, with good prospects for pressure wave mitigation.

Hydraulic scheme of a compact vertically erected LM stand.

It is fully reasonable to assume that a vertically erected LM stand of a spallation
target will be “hidden” in some hollow or surrounded by protecting walls (Fig.7). An EM
pump (sized minimum 1m) is fastened to the rigid foundation of the cavity, under an
approximately 1m thick/deep layer of LM contained in the receiver of the target. Such a
level of LM is necessary to avoid cavitation at the inlet of the pump. The receiver is
equipped with some internal mechanical structure for dampening of the jets kinetic energy
and avoiding of splashing. After the outlet of the pump the metal is pumped into heat
exchangers (HE) also placed on the foundation. Information can be found that a 5 MW
target station would need an approximately 3.5 m long heat exchanger of the diameter 0.5
m. Let us assume that two shorter HE have been connected in line. After the HE the LM is
transferred into the target. It is worth emphasizing that the body of the target towers over
the rest of the stand. Below the level of the foundation a tank is foreseen for effective
evacuation of the
LM from the stand
(connection  point s
shown \
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heat source, before the heat exchanger. It is the key question can pumps be found which
are able to work under such conditions. In the case of Hg the answer is a more or less clear
yes. Let us take an EM pump on permanent magnets. The fully hermetic channel of the
pump could remain permanently welded in the loop. A possibility for a periodic
replacement should be foreseen for the other main component, the magnets bearing rotor,
since exactly the permanent magnets can start aging first of all. In the case of PbBi (or
PbAu) the problem is more delicate. In the MEGAPIE PbBi target traditional three-phase
EM pumps were able to serve all the purposes. At home, at IPUL also pumps on
permanent magnets have been used both with PbBi and PbAu in long running
experimental loops. The conclusion would be that also for eutectics suitable pumps can be
made only more work on R&D will be needed.

On Fig.7 the size of the stand has also been figured out. In the two main directions,
in the direction perpendicular to the picture such an estimate would lead to approx.1.5 m.
It means that such a vertical stand in principle could be “squeezed” in an outer envelope of
the size about 3.5m x 2.0m x 1.5m. Of course at a real design people will require more,
taking into account for neutronics, etc. However, there will be grounds to say that these
extensions should be not very large.

A final remark, also ordinary pressurized targets could be installed in such a vertically

erected stand, in such a case the problems from the target would be partly transferred to
the pump.

Recent developments towards a windowless target.

For ESS the question about a windowless target is not of a topical interest, in the
same time the corresponding developments shéidd7be closely watched. In contrary, for
such projects as EUROSIL it is question of the order to be or not to be. The idea here is to
squeeze an up to 5MW power in a d<< 1cm needle beam with a corresponding growth in
the intensity of the heat deposition. According to one of the proposals a MEGAPIE type
target should be adapted to the task. According to the other proposal an in principle new
target should developed where the protons are targeted into a cross to the beam flowing
flat LM jet (see Fig.8, a and b). This picture has been reproduced from the “Final Report
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on the
Fig.8.

EURISOL Design Study (2005-2009)”. On the Hg stands at IPUL an experimental
verification of both these versions has been started. It is interesting to quote a following
statement from this Report:” The comparative neutronic study showed that there would be
an advantage in using the vertical-transverse film (VTF) target, essentially due to the
shorter escape route for neutrons leaving the target and entering into the fission targets.
However, because the film target lacked field experience, both options were pursued in
parallel in a detailed engineering study”.

In the case of the VTF target in the front part of the film a top speed of 5 m/s is
required, in the middle 2 m/s, in the back part 1 m/s. (worth comparing with
corresponding values on Fig.6 — 15cm/s; 8cm/s and 2cm/s.) It is essential that with a
segmented injector people at IPUL indeed managed to reach a peak of 5m/s. But let us
start from the beginning. First question, what should happen when a free surface of a
liquid metal is faced to a heat pulse of such intensity? Doubts were expressed that the
surface will be disturbed, because of drastic local changes in physical properties (surface
tension, density), because of the presence of gases, etc. To start answering his question a
bridge should be laid to a
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Fig. 5. Signal from the infrared sensor with and without plasma.

Fig.10.

Fig.9.
neighboring region where liquid metals also have been invited to cope with extreme power
and corpuscular fluxes. It is fusion, where liquid metal systems have been developed for
protection of plasma facing components. For the first time a high-z material, liquid
gallium, was brought in contact with plasma in an experiment performed jointly by IST

Fkk

(Lisbon) and IPUL on the Tokamak ISTTOK  (Fig.9). A liquid Ga jet is injected into the
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discharge chamber downwards. To exclude the MHD interaction a regime has been chosen
when the jet is broken down in droplets by the typical for jets instability. At a position 50
cm below the middle point a viewing window is installed to detect the temperature of the
passing by droplets ( with a 2m/s velocity). On Fig.10 one of the curves is characterizing
the temperature without plasma. During the discharge, for approx. 30ms, the jet is touched
by plasma. On the second curve (with plasma) a corresponding splash of temperature can
be seen. It was stated that during the discharge about 3 kW of power were deposited
inlcm® of the liquid gallium. Photos shoved that under such conditions the jet remained
fully stable. Power deposition of a similar intensity can be expected also in the very front
part of ESS type targets. So, for the mentioned JEARI 5 MW target the power deposition
in the very first layers of the liquid metal was predicted on the level of 2.5 MW/cm®.

The conclusion, in the case of a windowless ESS target the surface of the liquid metal
will not be remarkably disturbed by the beam. At power loads typical to the EUROSIL
VTF target results should be expected from the next set of experiments planed on the
essential more powerful Tokamak FTU in Frascati.

Liquid gallium jet-plasma interaction studies in ISTTOK tokamak.

(R.B.Gomess,.....,O.Lielausis, A.Klykin, E.Platacis,....)

Journal of Nuclear Materials 390-391 (2009) 938-941.
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