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Misija

Latvijas Universitates Fizikas instittta (LU FI) misija ir iedibinata vesturiski:
zinatniskie p&tijumi magnétiskaja hidrodinamika (MHD) un ar to saistitas zinatnes
nozar€s un ar to saistitu pielietojumu realiz€Sana un ar1 jauno specialistu sagatavosanu
Sajas zinatnes nozarés. LUFI darbojas kopg&jies Latvijas Universitates misijas
konteksta.

Latvijas Universitates Fizikas institita isa vésture.

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

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

Kops 2001.g. direktors J.E.Freibergs. Zinatniskas padomes priekssédetajs A.Gailitis.
Akadeémiskais personals paslaik ir 48 (asistenti, pétnieki un vadoSie pétnieki), no tiem
6 habilitétie dokt., 35 doktori.

2006. gada 1. maija LU Fizikas institiits atbilsto$i Likumam par zinatnisko
darbibu tika reorganizéts par LU agentiiru.
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LU FI darbibas 2007.gada pamatmerki ir sekojosi:

— Uzturét LU FI ka vadosSo pétniecibas centru magnétiskaja hidrodinamika un ar to
saistitas zinatnes gan Latvija, gan Eiropa un izveidot LU FI par atzitu p€tniecibas
iestadi Pasaules zinatniskaja telpa.

— Uzlabot sadarbibu ar LU Fizikas un matematikas fakultati zinatn€ un jauno
specialistu audzinasana un arT ar radniecigam fakultatem RTU.

— Pastiprinat sadarbibu ar arzemju zinatniekiem jo seviski ar Francu zinatniekiem,
ka arT ar Vacu, Lielbritanijas un Niderlandes zinatniekiem.

— Turpinat stradat pie Ampéera iniciativas projekta sagatavosanas.

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 pétijjumu virzieni: skidro metalu tehnologijas jaunas paaudzes
kodolreaktoriem un kodolsintézes reaktoriem (energijas razo$anas un piegades
drosiba); MHD saules energijas parveidotajs (videi draudzigi atjaunojamas energijas
veidi); MHD tehnologiju izmanto$ana jauna veida metalu sakausgjumu iegtiSanai
(materialzinatne); magnétiskie Skidrumi, magnétiska lauka izmantoSana nanoiericu
vadiSanai, magnétisko paradibu un kapilaro paradibu mijiedarbiba (nanotehnologijas
funkcionalo materialu un iericu iegtiSanai); starpnozaru petifjumi — magnétiski vadamu
nanoiericu izmantoSana biomedicina.

Latvijas Universitates dibinata Latvijas Universitates agentiira ,,Latvijas Universitates
Fizikas institiits” ; 17.03.2006.g. Latvijas Universitates Senata [emums Nr.177
Registréts LR VID ar kodu LV90002112199; registréts Nodoklu maksataju registra
ar kodu 90002112199

LR IZM Zinatniskas institlicijas registracijas aplieciba Nr.551021
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LU FI ir 6 zinatniskas strukturvienibas:
Fizikalas hidromehanikas lab. (vad. E.Platacis), Siltuma un masas parneses lab.
(E.Blims), MHD tehnologijas lab. (A.Bojarévi¢s), MHD masinu teorijas lab.
(A.Sisko), Elektrovirpulplasmu lab. (J.Freibergs), Teorétiskas 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://iph.sal.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
Akadeémiska personala skaits (asist., pétn., v.pétn., 53
.) uz 01.01.2007 . tsk.
doktori | 35
habilitétie doktori | 6
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LU FI izdod starptautisku Zurnalu "Magnétiska hidrodinamika" ( kops$ 1965,
tagad anglu valoda, iznak 4 reizes gada; galvenais redaktors A.Cebers).
LU FI organiz€ regularas starptautiskas konferences.

Wlagneto-
ﬂydm
LD ynamics

Institata 2007.gada 5 istenoti 6.letvara programmas projekti un 3 (ERAF)

projekti

Magnetic flow tomography in
technol,ogy geophysics and ocean
flow research MAGFLOTOM

Commission of the EC
Research DG

Contract N0.028670
Specific target project

Production of a liquid metal
limiter for plasma in ISTOK
Tokomak, Lisbon, Portugal
(production of pumps, flow
meters etc.)

Fixed contribution
contract with
EURATOM , EC 6
Framework Programm-

FU06-CT-2004-00078

European Isotope Separation On-
Line Radiactive lon Beam facility
(EURISOL DS)

EC 6 framework
Programm

Contract 515768
(RIDS)

Virtual European Lead
Laboratory (Vella)

FP6:Contract type:
Integrating activities
implemented as
integrated Infrastructure
activities

Project reference
364609.
NUWASTE-2005/6-
3.23.1-1
2006.10.01-2009.09.30

Investigation of the heat transfer
between a heated proton beam
window and the LBE flow in the
KILOPIE mock-up of MEGAPIE
target model using the HETSS
measuring technique
Thermohydraulic tests of the
MEGAPIE Electromagnetic
Pumps System in LBE, PSI

FP6
MEGAPIE-TEST
CONTRACT N°
FIKW-CT-2001-00159
MEGAPIE - TEST

Piedalas ka
apaksizpilditajs

ERAF projekti
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IstenoSanas
Registracijas nr. Nosaukums Vaditajs periods
Nr.VPD1/ERAF “MHD tehnologija svina-litija | J.Freibergs 2006-2008
/ICFLA/O5/APK eitektiska sakauséjuma
/2.5.1./000004/004 iegliSanai un pielietosanai
kodolsintézes reaktoru
sisteémas”.
VPD1/ERAF Feritu nanodalinas un koloidi E.Blims 2006-2008
/CFLA/O5/APK termomagnétiskas dzesé$anas
/2.5.1./000002/002 sisttmam un audu
hipertermijai” .
VPD1/ERAF Koksnes biomasas vietgjo M.Zake 2006-2008
/CFLA/O5/APK resursu racionala izmantoS$ana
/2.5.1./000001/001 siltuma razo$anai kombiné&ta
koksnes un gazveida kurinama
deg8anas procesa
Starptautiskas sadarbibas projects OSMOZE
Pliismu un parneses procesu izpéte Dr. Janis Dr. Jacqueline
elektromagneétiski leviteta piliena Priede Etay
LU Fizikas CNRS,
institits Francija
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Institata 2007.gada realizétas 1 valsts pétijumu programmas projekts un 3
sadarbibas projekti

Registracijas numurs

Nosaukums Vaditajs
Valsts petijumu Modernu funkcionalu 8 mikroelektronikai, E.Blums
programma nanoelektronikai, fotonikai, bi-omedicinai un E. Cébers
1-23/49 konstruktivo kompozitu, ka arT to atbilstoSo tehnologiju
1-23/37 izstrade

Nanodalinu, nanostrukturalu materialu un plano
Projekts 5 tehnologiju izstrade funkcionalo materialu un

kompozitu izveidei
Sadarbibas projekti
1.Nanomateriali Mikstie magnétiskie materiali un nanotehnologijas A.Cebers
un nanotehnologija

Diftiza un konvektiva nanodalinu parneses

neizometriskos ferrokoloidos kapilari porainas vides E.Blims

MHD metodes dispersas fazes sadaliSanai un
2.06.0029.2.09 homogenizacijai kompozitos ar metalisku matricu

J.Gelfgats

Instituta 2007.gada istenoti 11 Latvijas Zinatnes padomes finansétie projekti

Bucenieks 1. Aprékinu metozu un izgatavosanas tehnologijas modernizacija

05.1466 elektromagnetisko siknu sistéemam Skidrd metala neitronu
atskaldisanas iekartas

Freibergs J. Impulsa, siltuma un masas parneses procesi aksiali simetriskas

05.1381 pliusmas hidrodinamika un magnetohidrodinamika

Gailitis A. Sferiska MHD Dinamo eksperimenta izveide

05.1388

Gelfgats J. Liela apjoma skidras elektrovadosas vides stacionaras un

05.1378 nestacionaras kustibas ierosinasanas un slapésanas MHD metozu
fizikalas likumsakaribas

Valdmanis J.. Elektriskas un magnétiskas iedarbes procesu vadiba izkauséta metala

04.1111 un cietas metaliskas sieninas robeZapgabald

Kolesnikovs J. Konvektivas un nobides Skidra metala plismas regulésana ar

05.1379 elektromagnetiskiem masas spékiem

Lielausis O. Skidrs metals ka darba kermenis plazmas ierobezotajos un

05.1380 korpuskularo plissmu parveidotajos

Priede J. Nestabilitates un pareja uz turbulenci elektrovadoso skidrumu pliismas

05.1465 arejos magnetiskajos laukos

Sisko A. Stipra magnétiska lauka iespaids uz elektrovadosas skidras un cietds

05.1382 vides mijiedarbibas procesiem

Zake M. Siltuma un masas parneses pétijumi kombinéta gazveida un cieta

05.1384 kurinama degsanas procesa aréjo spéku lauka

Gorbunovs L. Liela diametra silicija monokristalu audzésanas procesa fizikala

05.1375 modelesana rotéjosa magnétiska lauka
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Instituta zinatnisko darbinieku publikacijas
5. Institaita (augstskolas) SCI publikaciju skaits un nosaukums 2007.gada, 22
publikacijas

Gramatas - 2

1. Magnetohydrodynamics: Historical Evolution and Trends’.
Series: Fluid Mechanics and Its Applications , VVol. 80. Molokov, S.; Moreau, R.; Moffatt, H.K. (Eds.),
2007, 415 p., Hardcover. ISBN: 978-1-4020-4832-6
Nodalas gramata
I. V. Bojarevics and K. Pericleous. Numerical Modelling for Electromagnetic Processing of
Materials.
Il O.Lielausis, E.Platacis Past and present of liquid metal MHD in Riga
111 Agris Gailitis, Olgerts Lielausis, Gunter Gerbeth and Frank Stefani Dynamo Eksperiments

2. Agris Gailitis, Gailitis Dynamo. In: Encyclopedia of Geomagnetism and Paleomagnetism eds.
D.Gubins and E. Herrero-Bervera. Springer, Berlin. 1997

SCI Publikacijas

1. A. Mezulis, E. Blums, The presence of microconvective instability in optically
induced gratings, Journal of Non-Equilibrium Thermodynamics 32 (2007), 331
— 340.

2. Th. Volker, E. Blums, S. Odenbach, Heat and Mass Phenomena in Magnetic
Fluids, GAMM-Mitteilungen 30 (2007), No.1, 185 — 194.

3. ,,Convective phenomena in large melts including magnetic fields”, Journal of
Crystal Growth, Volume 303, Issue 1, 1 May 2007, Pages 211-220.

4. Stefani, F., Gailitis, A., Gerbeth, G., Gundrum, Th., Xu, M. Forward and
inverse problems in MHD: Numerical and experimental results GAMM-
Mitteilungen 30 (2007), 159-170

5. R.Krishbergs. Distribution of temperature in the slot of an induction MHD
pump. Magnetohydrodynamics, 2007, No. 3, pp. 345-353.

6. Votyakov, E. V., Kolesnikov, Y., at al. (2007) Structure of the wake of a
magnetic obstacle. Phys. Rev. Lett. 98 (14), 144504.

7. Andreev, O., Kolesnikov, Yu., at al. (2007) Experimental study of liquid metal
channel flow under the influence of a non-uniform magnetic field. Phys. Fluids
19, 039902.

8. Votyakov, E. V., Zienicke, E., Kolesnikov, Y., (2007) Constrained flow around
a magnetic obstacle. J. Fluid Mech. (submitted).

9. Yu.Gelfgat, A.Mikelsons, K.Krumins, A.Pedchenko. The influence of large
non-magnetic gaps on the transversal end-effect in the linear induction pump.
Magnetohydrodynamics, 2007, vol.43, No.1, pp.111-117.

10. M. Abricka M., Gelfgat Yu., Kramins J. The influence of combined
electromagnetic fields on the heat and mass transfer in a cylindrical vessel with
the melt. Magnetohydrodynamics, 2007, vol.43, No.2, p.173-181.

11. Pedchenko A., Gelfgat Yu. I. Study of the Influence of Current Frequency and
Non-Magnetic Gap Value on the Efficiency of Al-Alloys Stirring in
Metallurgical Furnaces. — Magnetohydrodynamics, 2007, vol.43, no.3, p.363-
376.

12. L.Gorbunov. Some Features of the Horizontal Magnetic Field Influence on the
Growth of Large-Diameter Silicon Single Crystals. . Magnetohydrodynamics,
2008 (in press).
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http://www.springer.com/uk/home/engineering?SGWID=3-175-69-173624524-0

13.L. Gorbunov. Single crystal growth from a crusible with skull.
Magnetohydrodynamics 49

14. V. Galindo, I. Grants, R. Lantzsch, O. Pitzold and G. Gerbeth. Numerical and
experimental modeling of the melt flow in a traveling magnetic field for
vertical gradient freeze crystal growth. — J.Crystal Growth, vol. 303, issue 1,
2007, p. 258-261

15. 3. R. Lantzsch, V. Galindo, 1. Grants, C. Zhang, O. Pétzold, G. Gerbeth and
M. Stelter. Experimental and numerical results on the fluid flow driven by a
traveling magnetic field, - J.Crystal Growth, vol. 305, issue 1, July 2007, p.
249-256.

16.4. J.Priede, l.Grants and G.Gerbeth. Inductionless magnetorotational
instability in a Taylor-Couette flow with a helical magnetic field. - Physical
Review E (2007), vol.75, No.4, 047303

17. 1.Grants and G.Gerbeth. The suppression of temperature fluctuations by a
rotating magnetic field in a high aspect ratio Czochralski configuration. (2007)
Accepted for publication in J.Crystal Growth

18. M.Belovs, A.Cebers. Buckling of twisted ferromagnetic filaments (iesniegts
Phys.Rev.Lett.)

19. K.Erglis, D.Zhulenkovs, A.Sharipo, A.Cébers. Elastic properties of DNA
linked flexible magnetic filaments. Journal of Physics:Cond.Mat., 2008
(accepted)

20. K.Erglis, L.Alberte, and A.Cebers. Thermal fluctuations of non-motile
magnetotactic bacteria in AC magnetic fields. Phys.Rev.E (submitted)

21. V.Jeudy, C.Gourdon,A.Cebers, T.Okada. Pattern formation in type-I
superconducting films. J.Appl.Phys. — 2007,v.101- 09G118.

Publikacijas starptautisko konferen¢u izdevumos (SCI proceedings)

Fifth Baltic Heat Transfer Conference, September 19 — 21, 2007, Sankt-
Petersburg, Russia,

1. A. Mezulis, E.Blums, G.Kronkalns, Magnetoconvective intensification of heat
transfer from a cylinder in magnetic fluid, In: Advances in Heat Transfer,
Proceedings. of the Baltic Heat Transfer Conference, September 19 — 21, 2007,
Sankt-Petersburg, Russia, Publ. House of St.Petersburg State Polytechnical
University 2, p. 184 —191.

2. D. Zablotsky, V. Frishfelds, E. Blums. Numerical study of thermomagnetic
convection in cylinder under the magnetic field of a solenoid, In: Advances in
Heat Transfer, Proceedings. of the Baltic Heat Transfer Conference,
September 19 — 21, 2007, Sankt-Petersburg, Russia, Publ. House of
St.Petersburg State Polytechnical University 2, p. 301 - 308.

3. E.Blums, G.Kronkalns, M.M.Maiorov, Microconvection and mass transfer
induced by spherical filter elements in non-isothermal ferrocolloids, In:
Advances in Heat Transfer, Proceedings. of the Baltic Heat Transfer
Conference, September 19 — 21, 2007, Sankt-Petersburg, Russia, Publ. House
of St.Petersburg State Polytechnical University 2, p. 333 - 340.

4. M. M. Maiorov, E. Blums, G. Kronkalns, Thermal dissipation of energy of
low-frequency alternate magnetic field in magnetic fluid, In: Advances in Heat
Transfer, Pro-ceedings. of the Baltic Heat Transfer Conference, September 19
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— 21, 2007, Sankt-Petersburg, Russia, Publ. House of St.Petersburg State
Polytechnical University 2, p. 178 - 193.

5. I. Barmina, A. Desnickis, M. Zake, The Influence of Electric Field on the
Development of the Swirling Flame Velocity Field and Combustion
Characteristics, Proceedings of 5-BHTC, Sankt-Peterburg, 2007, pp. 480-486.

6. 1. Barmina, A. Desnickis, M. Zake, The effect of Combustion Dynamics on
the Formation of Pollutant Emissions by Co-firing the Wood Biomass with
Gaseous Fuel, Proceedings of 5-BHTC, Sankt-Peterburg, 2007, pp. 589-597.

1. Eleventh International Conference on Magnetic Fluids, KoSice, Slovakia, July

23 - 27, 2007

7. A. Mezulis, E. Blums, G. Kronkalns, Magnetoconvective heat transfer from a
cyl-inder under the effect of a nonuniform magnetic field, In: 11th
International Conference on Magnetic Fluids, KosSice, Slovakia, July 23 - 27,
2007, abstracts, paper 4P12.

8. D.Zablotsky, V. Frishfelds, E. Blums, Numerical investigation of
thermomagnetic convection in heated cylinder under the magnetic field of a
solenoid, In: 1 1th International Conference on Magnetic Fluids, Kosice,
Slovakia, July 23 - 27, 2007, abstracts, paper 4P5.

9. M.M.Maiorov, E. Blums, G. Kronkalns, The heat generation by an alternating
magnetic field of low fregency in a ferrofluid: the dependence of energy
dissipation on temperature, In: 11th International Conference on Magnetic
Fluids, Kosice, Slovakia, July 23 - 27, 2007, abstracts, paper 2P22.

10. V. Frishfelds, E. Blums, Drift of nonuniform ferrocolloid through cylindrical
grid by magnetic force, In: 11th International Conference on Magnetic Fluids,
Kosice, Slovakia, July 23 - 27, 2007, abstracts, paper 403.

11. Izolda Segal, Alla Zablotskaya, Edmunds Lukevics, Michail Maiorov, Dmitry
Zablotsky, Elmars Blums, Irina Shestakova, llona Dumbracheva, Synthesis and
Bio-logical Properties of Iron Oxide Based Magnetoliposomes with
Siloxyvalkylamine Cover, In: 11th International Conference on Magnetic
Fluids, Kosice, Slovakia, July 23 - 27, 2007, abstracts, paper 1P27.

International Baltic Sea Region con-ference “Functional materials and
nanotechnologies-2007, Institute of Solid State Physics, University of Latvia,
April 2-4, Riga 2007:

12. Meazulis, E. Blums, G. Kronkalns, Magnetoconvective intensification of heat
transfer from a heated body in magnetic fluid, In: International Baltic Sea Region
con-ference “Functional materials and nanotechnologies-2007, Institute of Solid
State Physics, University of Latvia, April 2-4, Riga 2007, p. 35.

13. O. Petri¢enko, E. Blims, M. Maiorovs, A. Cébers, Synthesis of magnetic
nanopar-ticles and their properties, In: International Baltic Sea Region conference
“Functional materials and nanotechnologies-2007, Institute of Solid State
Physics, University of Latvia, April 2-4, Riga 2007, p. 36.

14.E. Blums, G. Kronkalns, M. M. Maiorov, The heater with cobalt ferrite
nanoparti-cles utilizing a low frequency magnetic field, , In: International Baltic
Sea Region conference “Functional materials and nanotechnologies-2007,
Institute of Solid State Phys-ics, University of Latvia, April 2-4, Riga 2007, p.
108
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10" Biennial Conference on Environmental Science and Technology, CEST-
2007, Cos island Greece, 2007.

15. I. Barmina, A. Desnickis, M. Zake, Electric Field Effect on the Wood
Biomass Co-fire and the Formation of Polluting Emissions, Proceedings of
10" Biennial Conference on Environmental Science and Technology CEST-
2007, Cos island Greece, Cos island. 2007.

16. 1. Barmina, A. Desnickis, M. Gedrovics, M. Zake, Co-firing of Renewable
with Fossil Fuel for the Cleaner Heat Energy Production, Proceedings of 10"
Biennial Conference on Environmental Science and Technology, CEST-2007,
Cos island Greece, 2007.

“Siltumenergétika un siltumfizika” 2007, Riga- ref.

17. 1 . Barmina, A. Desnickis, M. Gedrovi¢s, M. Purmals, M. Zake, Experimental
Study of Multi-Fuel Firing for the Effective and Environmentally Friendly
Heat Production, Proceedings of Power and Electrical Engineering
International Scientific Conference, RTU, 2007, pp.1-10.

MEGAPIE technical meeting, FZK, April 16-17, 2007, Karlsrue, Vacija.

18. S.Ivanov, A.Flerov, N.Jekabsons, S.Dementjevs, ,,Experience of
electromagnetic flowmeters development and operation”, MEGAPIE
technical meeting, FZK, April 16-17, 2007, Karlsrue, Vacija.

2-nd International workshop on Measuring Techniques for Liquid Metal Flows,
April 23 - 24, 2007, Dresden, Germany.

19. S.Ivanov, A.Flerov, N.Jékabsons, S.Dementjevs, ,,Experience of development
and operation of electromagnetic flowmeters for MEGAPIE target”, 2-nd
International workshop on Measuring Techniques for Liquid Metal Flows,
April 23 - 24, 2007, Dresden, Germany,
http://www.fzd.de/db/Cms?pNid=1471

20. I.Bucenieks, ,,Experimental Measurements of Sensitivity of Cylindrical
rotary induction flow meter on permanent magnets”, 2-nd International
workshop on Measuring Techniques for Liquid Metal Flows, April 23 - 24,
2007, Dresden, Germany, http://www.fzd.de/db/Cms?pNid=1471

”1V Workshop on Materials for HLM-cooled Reactors and Related
Technologies”. CNR, Roma, May 21-23rd, 2007

21. 1.Bucenieks, J.Freibergs, E.Platacis “Evaluation of Parameters of Powerful
Electromagnetic Induction Pumps on Permanent Magnets for Heavy Liquid
Metals” IV Workshop on Materials for HLM-cooled Reactors and Related
Technologies”. CNR, Roma, May 21-23rd, 2007

22. J. Freibergs, E. Platacis “Liquid metal research activities at Institute of
Physics, University of Latvia.”, IV Workshop on Materials for HLM-cooled
Reactors and Related Technologies”. CNR, Roma, May 21-23rd, 2007

23th Scientific Conference, Institute of Solid State Physics, University of Latvia,
February 13-15, 2007, Riga,

23. A.Sisko, F.Muktupavela, R.Krishbergs, E.Platacis. Theoretical analysis of
stationary steel corroding interaction with the laminar Pb1i7Li melt flow.
Abstracts of the 23th Scientific Conference, Institute of Solid State Physics,
University of Latvia, February 13-15, 2007, Riga, p,52.
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http://www.fzd.de/db/Cms?pNid=1471
http://www.fzd.de/db/Cms?pNid=1471

24.

25.

26.

217.

28.

29.

30.

A.Shishko, E,Platacis, R.Kroshbergs, J.Valdmanis. Influence ofMHD Effects
on Steel Corrosion in Pb-17Li Flow. FDMP 2007, Abstracts Proceedings First
International Seminar on Fluid Dynamics and Material Processing,
Algieres/lUSTHB 2007, pp. 55.

E.Platacis, A.Shishko, F.Muktepavela. Testing of Eurofer, SiC/SiC
composites and different protective coatings at operational temperatures,
velocieties and pressures: magnetic field effect on EUROFER corrosion in
Pb-17Li flow at 550 oC (cooperation with FZK, ENEA). EUROATOM
Workshop ,,Developmeny of activities of Association EUROATOM-
University of Latvia (AEUL) in relation to EFDA Programme”. October 24-
25, 2007.

A.Cebers, K.Erglis. Elasticity of cytoskeleton and motion of magnetotactic
bacteria in AC magnetic fields. Joint Meeting of the Biophysical Society 52nd
Annual Meeting and 16th International Biophysics Congress, Long Beach,
USA, 2008 (accepted).

V. Vorohobovs, A.Cebers. ,,Dielektrisku sférisku dalinu iegiiSana gazes
liesma no parkaus€tiem nesferisku dalinu pulveriem” (,,Burning of roasting
milled powders for creation of the spherical dialectical particles”) — 23.
zinatniskas konferences, veltitas LU profesora Ilmara Vitola 75 gadu atcerei,
referatu tézes (2007.g 13.—15. februaris, Riga), p.81.

A.Cebers. Nonlinear dynamics of semiflexible magnetic filaments in an
external ac magnetic field. 2007 APS March Meeting. Abstract L3.00004 (in
collaboration with M.Belovs, K.Erglis, and A.Sharipo). Referats A.Gailitis
»Riga Dynamo experiment” nolasits = Ampera projekta seminara 22-
23.01.2007 Parize.

Referats A.Gailitis ,,Tris matematiski 11dzigi uzdevumi atomfizika un MHD
dinamo teorija” nolasits 04.04.2007 Atomu un Molekulu zinatnes instituta
Taipeja, Taivana.

Referats A.Gailitis, O.Lielausis, E.Platacis, G.Gerbeth , F.Stefani ,,Current
status of Riga Dynamo experiment” nolasits seminara ,,MHD Laboratory
Experiments for Geophysics and Astrophysics” 1-3 October 2007 — Museo
Diocesano, Catania, ITALY

7th PAMIR International Conference on Fundamental and Applied MHD”.
(2007 g. iesniegtie un akceptetie darbi)

1.

2.

,2D axisymmetric mathematical modeling of small diameter Ni crystal FZ
growth with HF electromagnetic fields”.

S.lvanov, A.Flerov, “Electromagnetic pump for a liquid metal spallation
target: calculation, diagnostics, reliability”, referats iesniegts 7" PAMIR Int.
conf. Fundamental and applied MHD, France.

S.Dementjev, F.Groeschel, S.lvanov, “On an Electromagnetic Pump for
Liquid Metal Target for Swiss Spallation Neutron Source”, referats iesniegts
7" PAMIR Int. conf. Fundamental and applied MHD, France.

I.Bucenieks, K.Kravalis, “Characteristics of Disks type EM Induction
Permanent Magnet Pump”, referats iesniegts 7" PAMIR Int. conf.
Fundamental and applied MHD, France.

R.Krishbergs, F.Muktupavela, E.Platacis, A Shishko. Phenomenological
Analysis of the Corrosion Processes of Eorofer Steel in Pb17Li Melt Flows. In
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10.

11.

12.

13.

7" PAMIR International Conference on Fundamental and applied MHD.
Presqu’ile de Glens — France, September 8-12, 2008.

A.Shishko, A.Zik, E.Platacis, S.lvanov, A.Romanchuks. Experimental Studies
of the MHD Processes in the Inlet Elements of the Liquid Metal Blanket. In 7t
PAMIR International Conference on Fundamental and applied MHD.
Presqu’ile de Glens — France, September 8-12, 2008.

[.Bucenieks, F.Muktupavela, E.Platacis, A Shishko, A.Zik. Experimental
Studies of the Strong Magnetic Field Action on the Corrosion of RAFM Steels
in Pb17Li Melt Flows. In 7" PAMIR International Conference on
Fundamental and applied MHD. Presqu’ile de Glens — France, September 8-
12, 2008.

A.Bojarevics, |. Kaldre, Yu. Gelfgat, Y. Fautrelle. A Sensor for Continuous
Measurements of the Absolute Thermoelectric Power of Liquid Metal during
Turbulent Non-Isothermal Mixing or Segregation of Multi-Component Melts.
— Abstract for the Pamir 2008 Conference, Gien, 2008, France

2. A. Mikelsons, J.Valdmanis. Pair of Rankin-type vortexes in MHD. PAMIR
konference “Fundimental and applied MHD” , September 2008., Francija.
Elmars Blums, Gunars Kronkalns and Michail Maiorov, Thermoosmosis in
magnetic fluids in the presence of a magnetic field, 7th International PAMIR
Conference, France, 2008 (submitted).

A. Mezulis, E. Blums and G. Kronkalns, Magnetoconvective intensification of
heat transfer based on permanent magnets, 7th International PAMIR
Conference, France, 2008 (submitted)

D. Zablotsky, V. Frishfelds, E. Blums, Investigation of heat transfer efficiency

of thermomagnetic convection in ferrofluids, 7th International PAMIR
Conference, France, 2008 (submitted).

3. J.Valdmanis, A.Cipijs. Electromagnetic metamaterials and new aspects of
electricity.

Starptautiskais 24. kongress “Electricity applications in modern world” Krakova
(Polija),

2008.

maija.

Registréto un uzturéts patents
Patenti

1.

“Verfahren und Anordnung zur Beriirungslosen Inspektion elektrisch
leitfahiger Materialien”, 10 2006 025 542.9 (Deutschland, USA), 2007,
/Thess A., Kolesnikov Y., Karcher Ch./

Latvijas patents Nr.13575, 20.07.07. Universals kompleks aluminija
sakaus€jumu ieglisanai un liesanai. Autori: J.Gelfgats, V.Foliforovs,
S.Tiselskis.

Latvijas patents Nr.13571, 20.07.07. lerice Skidru metalu vai sakausg€jumu
maisiSanai metalurgiskos agregatos. Autori: J.Gelfgats, V.Foliforovs,
S.Tiselskis.
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4. Latvijas patents Nr.13580, 20.07.07. Magnétiska skrejlauka linears inductors
metalurgiskiem agregatiem. Autori: J.Gelfgats, V.Foliforovs, S.Tiselskis.

5. W.v.Ammon, Yu.Gelfgat, L. Gorbunov , E.Tomzig, J.Virbulis. Verfahren und
Vorrichtung
zun Herstellen eines Einkristalls aus Silicium.” Wanderfeld”.

EP122525581,
DES502015950, 2005.

Sekmigi Veikti 6 zinatniskie ligumdarbi kopa ar  arvalstu zinatniskajam

organizacijam

Paul Scherer Institute Switzerland | Production of a system of electromagnetic
pumps (pumps, flow meters) for PbBi alloy.

Corus Research, Development and The A research roject — Induction Evaporation

Technology Netherlands | for PUD coatings (a theoretical
investigation).

SCHOTT AG Germany Fesible study for the MHD facility with
permanent magnets for the glass technology

Center for Automatice R&D CIDAUT Spain A research roject for liquid aluminium

Foundation for R&D in Automative pumps on rotating permanent magnets

Sector

Commissariat a l'energie atomique France Assesment of possibility to design and

Departement de technologie nucleaire develop pf EM pump related to m3
irradiation devices

Forschungszentrum Dresden - Germany System of electromagnetic pump

Rossendorf e.V.

Istenots 1 tirgus orientétais petijums
Maksligi regulgjama temperatiiras reZima A.Romancuks
IZM 1-25/27 panémiena pilnveidoSana un aparatiiras
izstrade biSu slimibu apkaroSanai

LU Fizikas institiita doktoranti — 3
K.Kravalis — vaditajs dr.fiz. Imants Bucenieks
G.Lipsbergs — vaditajs dr.fiz. Agris Gailitis
A.Desnickis — vaditgja dr.fiz. Maija Zake
LU Fizikas institiita magistrants — 2
D.Zablockis - vaditajs dr.hab. fiz. Elmars Blams
I.Kaldre- vad. A.Bojarevics

LU Fizikas institiita bakalaura darbu izstradataji
Aija Dreimane (RTU Kimijas fakultate)
Liga Tiluga (LU Fizikas u n matematikas fakultate)
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Fizikas instituta darbibas rezultati:

Dr.Phys. Maija Zakes grupas darbs:

Laika posma no 07.07 lidz 07.08. ir veikts zinatniski-p&tnieciskais darbs saistiba ar
diviem projektiem, kuru vaditajs ir vad. p€tn. Maija Zake. Pirmais projekts
,VPD1/ERAF/CFLA/05/APK/2.5.1./000001/001” ,,Koksnes biomasas viet&jo resursu
racionala izmantoSana siltuma razoSanai kombinéta koksnes un gazveida kurinama
degSanas procesa”, ir lietiSko petijumu projekts, kura mérkis ir izveidot mazas jaudas
(Iidz 50 kW) vietgjas apkures katlu, siltuma raZzoSanai izmantojot kombin&to fosila
gazveida kurinama (propans, dabas gaze) un atjaunojama kurinama (dazadu strukturu
koksnes biomasa) degSanas procesu. Procesa izveidei tika veikti kombinéta degSanas
procesa eksperimentalie pétijumi, mainot koksnes mitrumu un struktiru, ka art
papildus pievadita siltuma padevi, kas veidojas, sadegot fosilam kurinamam. P&tijumu
rezultati ir aprob&ti vairakas starptautiskas konferenc€s, ka art publicéti dazados
zinatniskos izdevumos (sk. lit. sarakstu). Izmantojot lietiSko pétijum rezultatus, ir
izstradats viet€jas apkures katla projekts, ka arT izgatavots un aprobéts vietgjas
apkures katls (1. z.im), kura darbibas pamatprincipi ir apkopoti patenta pieteikuma,
kas ir iesniegts ekspertizei.

Vienlaikus ar petijumiem, kas ir saistiti ar ERAF projekta izpildi parskata perioda tika
veikti arT petfjumi saistiba ar ZP projekta Nr.05.1384 ,,Siltuma un masas parneses
petijumi kombinéta gazveida un cieta kurinama degSanas procesa aréjo speku lauka
(vispargjais projekts ar jauno zinatnieku un doktorantu piedaliSanos)” izpildi. Dotais
projekts apvieno fundamentalos degSanas procesa dinamikas pétijumus dazada tipa
liesmu virpu]pliismas, izmantojot $So plismu kontrolei
argjo lauku (elektriska, magnetiska) un liesmas
mijiedarbibas efektus, ka ar1 lietiSkos petijumus, kas
saistiti ar nepiecieSamibu ierobeZot siltumnicas efektu
un skabo lietu izraisoSo degSanas produktu (COo,
NOx) veidoSanos degSanas procesa, izmantojot Sim
nolikam gazveida fosila un cieta atjaunojama
kurinama kombinéto degSanas procesu. Parskata
perioda pamata tika veikti p€tijumi, kas ir saistiti ar
argja elektriska lauka un liesmas mijiedarbibu, veicot
detalizéts siltuma un masas parneses procesu
pétijumus un to izmainas argjo speku lauka. Petijumu
rezultati ir aprobéti  vairakas starptautiskas
konferencés (sk. Lit. pielikumu). Ir sakti arl
sagatavoSanas darbi, lai veiktu detaliz€tus liesmas un
magnétiska lauka mijiedarbibas petijumus.

1. zim. Viet&jas apkures katls siltuma razoSanai kombinéta degSanas procesa.
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Projekta vaditajs Dr.hab.phys. Jurijs Gelfgats

Liela apjoma Skidras elektrovadosas vides stacionaras un nestacionaras
kustibas ierosinasanas un slapésanas MHD metoZzu fizikalas likumsakaribas

1. Noteiktas dazadu MHD iedarbibu elektrodinamiskas un hidrodinamiskas
likumsakaribas aluminija un ta sakauséjumu maisiSanas iekartas, ja starp metalu
un plakanu linearu skrejosa lauka induktoru ir liela nemagnétiska sprauga.
Noteikti racionalakie MHD iedarbibas veidi praktiskai izmantoSanai realas
iekartas 10- un 20-tonnu metalurgiskam krasnim. (J.Gelfgats, J.Krimins)

2. Eksperimentali pieradits, ka skidru metalu kaus€jumus var maisit ar divfazu
augstas frekvences MHD iericém un noteikti $adu maisitaju racionalie parametri.
Pirmoreiz ar ultraskanas atruma meritaju izpétita pliismu konfiguracija un
intensitate Skidru metalu kausgjumos. (A.Bojarevics, A.Ped¢enko)

3. Izmantojot alvas sakausgjumu (T = 900-1000 °C), eksperimentali pieradits, ka
MHD maisttajus, kuros izmanto pastavigos magné&tus, var izmantot dazadas
tehnologiskas iekartas. (A.Bojarevics, J.Gelfgats)

EURISOL DS (European Isotope Separation On-Line

Radiactive lon Beam facility)
RIDS
Contract number 515768

Engineering design and construction of a
function Hg — loop

INTRODUCTION.

Different liquid metal (LM) technologies will always remain the closest
neighbors to liquid metal MHD. In last five years LM have became attractive to a new
branch of nuclear technology — spallation neutron generation. LM is serving as the
working medium (for neutrons generation) and in the same time as the heat carrier.

The Institute of Physics of the University of Latvia (IPUL) is one of the main
research centers in the field of MHD technology which has been involved in both
theoretical and applied studies and experimental work.

The Institute of Physics possesses a special Mercury laboratory complex
including a 350m? experimental hall. The amount of Hg in use reaches 13.10 2 kg,
almost 1m® mercury. The same can be said about new technologies for Hg chemical
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treatment /purification/ Mercury is used as an effective modeling material for
investigation of a great number metallurgical processes, as well as for thermo
hydraulic testing of systems, proposed for other / more aggressive or high
temperature/ heavy liquid metals
It is the right place directly here to remember on the ideas about windowless liquid
metal (LM) targets. It was mentioned that in SINQ by special magnets the proton
beam is bent upwards. In principle, the beam could be bent also downwards and target
against an open free LM surface. On a definite phase IPUL was collaborating with the
Belgian Nuclear Research Centre on design and verification experiments for
Windowless Spallation Target of the ADS Prototype MYRHA, planed as a small
high-performance irradiation facility with fast neutron fluxes up to 10'* n/cm?/s.

Within EURISOL - DS, a liquid metal /LM/ spallation target with a power of
several Megawatt is designed to provide neutrons to a fission target. The target station
that allows the full intensity of a 4 MW proton beam to be used for RIB production
will require new advanced technology. It is a critical component of EURISOL

For a power density above 10° MW/m?® the windowless, free — surface, molten
LM-jet is proposed as a target since it avoids the very serious lifetime — shortening
damage caused by the power proton beam in any system.

In the case of the spallation neutron sources, mercury has been chosen as the
most promising high-Z target and coolant material.

In order to develop windowless target it is necessary to investigate
hydrodynamics of liquid metal (HQ) jet.

Our Institute of Physics becomes more and more involved in corresponding
investigations.

Evaluation of the optimal engineering design of the Hg-loop components
(electro-
magnetic pump, flow meter, piping, diagnostic and control elements), as well
developing and manufacture Hg-loop for testing EURISOL Target components was
one of the IPUL main tasks.

In parallel in accordance with Dr. Y. Kadi (CERN) recommendations
transverse film target has been considered.

I INGENEERING DESIGN AND CONSTRUCTION OF A FUNCTION Hg — LOOP

At the moment, the only available Hg — loop — installation running in the order of the
necessary mass flows exists at IPUL, fig.1.1

Fig.1.1 Mercury stand
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The loop was formerly used to run Hg — loop experiment, especially under gas
bubble injection simulation a two phase flow. At the moment modifications is done
preparing the installations for run of experiments under integration of a 1:1 model of
the EURISOL targets /PSI version as a windowless cross flow target developed at
IPUL/ planned to run in the next decades. These targets experiments are scheduled to
start in April 2008. First discussions about possible hydrodynamics and thermal
hydraulics EURISOL Targets experiments at IPUL turned out in preliminary layout of
the Hg — loop shown by fig.2.

There is an arrangement of the loop in a line. i.e. the equipment and separate units
are connected in series via pipes providing convenient assembling and easy operation.
All parts of the loop shown in fig.1.2 are either still in place, have to be changed, have
to be moved from other running installations or be newly designed and manufactured.

For maximum flexibility during the experimental phase, the 1:1 models of the
EURISOL target as main units of the Hg — loop are connected by flanges.

Our Hg — loop is arranged vertically, fig.3.

The skeleton of the loop is formed by:

- loop assembly;

- electromagnetic pump;

- electromagnetic conductive flow meter;

- heat exchangers;

- supply and expansion tanks as

- model of the target.
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Fig.1.2. Principle layout of the hg — loop

Loop assembly is stainless steel tubes 108 mm in diameter and almost 10 m in
length.

The most important component of the loop is pump for providing a flowrate in the
loop.

The use of electromagnetic pumps is attractive because the ability to obtain
hermetically sealed systems. EM pumps can be designed in a large number of types
and configurations. Detailed analysis of all types to obtain the best selection for each
application would be a prodigious task. Each of the types of pumps is adapted to a
certain field of operation.

In accordance with demands for needed parameters and results of hydraulic
estimations the cylindrical induction pump have been installed in the loop, fig.13.

Cylindrical induction pumps have large outputs which can obtain several thousand
md/hr at differential pressures of the order of 10 to 15 bars. These pumps have a
strong conduct made-up of two concentric tubes. The annular pump has not the side
effect present in flat pump. The windings consist of thoroidal coils whose axes are
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concentric with the axis of the annular duct. Windings are normally located only in
the stator because the inaccessibility of the core. In principle the annular pump is
identical to the flat pump.

Many factors affect pump size, but the limitation is generally winding
temperature and boiling temperature of mercury in the channel. Winding temperature is
a function of winding power loss, fluid temperature, heat sink temperature, and the
thermal properties of the path through which the loss passes from windings to heat sink.

There is high energy consummation in the secondary circuit, i.e. liquid mercury
and channel walls. When the pump is operating, the duct of the pump is quickly heated,
it is necessary to cool the channel of the pump, because unstable stagnation zones inside
a channel can reach the boiling temperature of mercury, which through a building of
hydrodynamic perturbations, will affect the entire velocity field.

Induction high-power pumps have certain inherent disadvantages and limitations.
Because of remarkable eddy current losses in secondary circuit poly-phase induction
pumps are not suitable for mercury systems with low boiling temperature. While the
liquid metal is passing through the channel the temperature of the metal increases at

P . . L .
AT =—2-=57.7°C, where P, is the power losses in secondary circuit, Q is the mass

Chg

flow rate, chHg is the heat capacity of mercury. For higher pressure it is necessary that the
mercury flows with a sufficient flow-rate to remove thermal power. The experience
shows than it is very important to eliminate the stagnation zones in the channel and to
provide for good contact between the liquid metal in the working zone and the channel
or sidebars because the stagnation zones can warm up to boiling temperature of
mercury. Because installed EMP in the loop is provided with independent cooling
system.

Fig. 1.3 The principle scheme of cylindrical linear induction pump.
1 —inductor; 2, 6 — inlet and outlet diffusers; 3,4 — coaxial cylinders of annular
channel; 5 — inner passive ferrous core; 7 — slots

In order to ensure required parameters /flow rate, pressure/ rather powerful annular
inductive electromagnetic pump have been chosen and installed in Hg-loop for target

models experiments, fig. 1.4. The pump develops 5 x 10e5 N/m? of pressure at a flow
rate of 10L/s, fig.1.5.
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Fig. 1.4. Cylindrical induction electromagnetic pump
(p=5bars,g=101/s)

In order to ensure a stable temperature of Hg flow in the loop two heat
exchangers /HE/ are installed in the loop — one before /after EMP/ model of target and
another one — after target model. The HE operates with cooling water in annular
space between tube of loop and causing. Flow rate of water in the HEs is adjustable.
That’s can remove power up to 50 kW. It is necessary to note EMP with cooling

system is provided too.
The supply tank /see fig.2./ contains 7x10° kg of mercury.

Operational diagram » 100A
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Flow rate Q {L/p.sec)

Fig.1.5. P-Q characteristics of EM pump

Flowmeter. For measuring a flow rate in the loop during experiments the conductive
electromagnetic flowmeter, which was calibrated using Ventury tube, was used, fig.6.
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One of the main advantages of EM conductive flow meter in comparison with
inductive EM flowmeter is its simple design: simply on some part of the loop’s tube
outer constant transverse magnetic field is imposed. Other advantages of conductive
flowmeter in comparison with inductive flow meter are following:

- rather high sensitivity and more easy measuring of constant potential difference
in comparison with measuring rather small alternating signals in the case of
inductive flowmeter,

- measured linear with flow rate signal does not depend on the electrical
conductivity of liquid metal, which can change with temperature.

The only disadvantage of conductive electromagnetic flow meter is necessity to
provide electrical contact with liquid metal in the channel of flow meter and
ensuring a stable contact resistance of channel’s walls; they should be either
electrically isolated from inside or fully wetted.

-

W

S N

d

—_—— -

Potential difference

Fig.1.6 . Principle scheme of the conductive flowmeter

Except these parts other supplementary parts and devices are necessary for operating
and monitoring the flow rate in the loop. So vacuum system and gas pressure system
are needed for filling the loop with mercury and draining the mercury out from the
loop, pressure taps and manometers are needed for measuring pressure developed by
pump and evaluating the hydraulic resistance of the loop.

Pressure developed by pump is measured at the inlet and outlet of pump’s channel
by pressure meters FGP Sensors: XPM10 — Al (5 bars), but overpressure in the loop-
by manometer installed in the expansion tank.
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Fig.1.7 Data acquisition and monitoring system

In fig. 1.7 data acquisition and monitoring system is shown. Signals of
corresponding sensors /pressure meters, flow meter, thermocouples/ are led to NI
Field Point. Output of Field Point is connected to PC LAN. EMP a.c. signals come of
Current transformers to alternating voltage data analyzer NI USB, which output is
connected to PC USB port. Incoming in PC digital measurement signals are
processing by Lab View program.

For testing distribution in film of liquid metal the following system is proposed, fig.
1.8.:
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Fig. 1.8. Principal scheme for testing of velocity distribution in LM film
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Measuring of velocity and velocity distribution in mercury “film” flow

Description of measuring devices:

1. Mercury film.

2. Sensors of flow meters — 1, 2, 3, ....N, which are installed upon electrically
non-conducting plate in direction transversal to the flow. Plate with sensors is
located at the distance W from mercury film.

Measuring coils of sensors for pre-amplifying of signals with filters.
Sinusoidal current generator for the feeding of magnetic field inducing coils.
Data logger — data analyzer and A/D converter, for example, NI USB 6218,
for measured velocity signals processing in order they can be transferred to PC
for further processing.

6. PC computer with installed LabView program.

o~ w

Short description of operating principle of measuring scheme.

All magnetic field inducing coils of sensors 1, 2, 3, ....N are connected in series and
are energized from one the same sinusoidal current generator for getting equal
induced magnetic fields in all sensors. In its turn, in each sensor its coils pair are
connected in such way that their induced magnetic fields are mutually compensated
when there is nor mercury film flow or, if we assume that film is not moving, then
also in measuring coil no e.m.f. will be induced (in ideal case signal will be E = 0). In
the case when there is mercury film flow, then the secondary magnetic field induced
in the film will shift the distribution of magnetic field of primary magnetic field in the
film flow direction, and as a result the mutual compensating magnetic field for each
coils pairs diminishes and in measuring coil the signal is induced, which is
proportional to the de-compensation. The value of de-compensation in specified range
is proportional to the flow velocity in film, but the value e.m.f. induced in measuring
coils will be proportional to the velocity of film flow.

Note: The theory of induction flow meters are described in corresponding
literature.

If in the film flow in its width direction the velocity will be non-uniform, then
discussed scheme with corresponding layout of sensors gives possibility for
measuring the distribution of this velocity.

During above mentioned period the reconstruction of existing Hg — loop is realized
and

commissioned. Practically it is prepared for thermo - hydrodynamics tests of
EURISOL Target mock-ups at parameters closed to real ones.

As abovementioned two different versions of the Liquid Metal Target will be
installed and tested on the reconstructed Hg — loop: one -180° bend coaxial flow
target (PSI version) and second — windowless transverse flow film target (IPUL
version).

I TRANSVERSE FLOW FILM TARGET
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In parallel transverse flow film target at Institute of Physics of University of Latvia is
considered, fig. 2.1

Film former

Volume filled

with Hg
‘1ss10n targ

Proton beam Fission target

Hg inlet
Hg outlet

Fig.2.1. Principle layout of the Transverse flow film target

As a basis of Transverse flow film target /TFT/ is liquid metal, for example Hg,
film, which flow through special device /film former/ perpendicularly to proton beam.
Film former /injector/ is main parts of proposed device. There are problems to get
stable LM and homogeneous film with needed dimensions — 20mm in width and 500 -
600mm in length. Because serious experiments with different injectors have been
carried out.

In parallel different mock-ups of injector of transverse flow film target (injectors
with square shapes of cells, with round shapes of cells, with parallel separated inner
structure) have been designed, fabricated and tested on special InGaSn — loop, fig.11.
Nevertheless there are problems to stabilize the film of liquid metal, especially in
frontal part of beam entrance into it.
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EXPERIMENTS WITH FILM ON INGASN LOOP

Modules of

with rectangular

transverse film
injectors

cell inner structure

with round cell

inner structure

with parallel

separator inner
structure

Test chambers InGaSn test loop of

transverse film target module

P=1,5bar; Q~1.51/s

Fig. 2.2.

More or less stable and homogeneous InGaSn film on the injector with parallel
separator inner structure have been obtained, /see fig.1 2.2/.

That is why the theoretical estimations and modeling of injector with parallel
separator inner structure was next step of our activities.
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111 OBSERVED PROBLEM WITH FREE-FALLING LIQUID FILM SRHINKAGE

During the spring of 2007 IPUL performed several attempts to establish stable
freefalling liquid InGaSn eutectic film in their experimental facilities . These efforts
were a part of IPUL project for introduction of novel full scale Hg liquid film neutrino
spallation target.

Several rectangularly shaped (approx. 10x100mm) jet inlets with differently shaped
nozzle openings were tested for maximum Hg volume fraction in jet. Finally, the inlet
with multiple stripped bar openings for the jet was chosen since it’s production of
almost 100% metal in the jet (no gas inclusions).

However, the shape of free falling unconstrained InGaSn jet was rather

unacceptable the jet evidently shrunk during it’s fall down, with large changes in jet
sectional shape,
Figure 1. Also, Plateau Reileight instability may trigger rather unstable jet behavior
on it’s lower part. Deformed shape of liquid metal film as well as oscillations of free
jet surface due to unpredictable proton beam scattering are unwelcome and in some
cases can be even critical for spallation target operation

Z Inlet system Z

: “’ HIH (LTI \

Inlet system

"y X
| Liqud metal jet | ‘ ‘
" (L.M) f Free | | Free
}*C;"n ' ! s % b q). waibioe . o
entrance | .' I.‘ acstion af possible surface | surface
| | Plateau-Rayleigh instability | I {
Liquid tank l l l 1 l ‘ tank

Fig 3.1. Schematic drawing of free/ unconstrained jet film development with possible
proton beam entrance location

The origin of jet shape changes is related to Bernoulli’s theorem which is considered
to be an acceptable assumption for our jet. The theorem for any pair of sections Si, Sj
with respective normal oriented along vertical Z-axis states

u,’ u?
=49z =—L+9z. =C(X,
T =t (%)

)
where Ui, Uj are local velocity in sections i, j crossing streamlines. Let’s choose

coordinate system so that So is located on injector outlet on z = 0 while Sz lying
downstream,
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z = Ah, Figure 3. 2. Assume potential flow on inlet with Uz = const, than C(x, y) =
const too, therefore Eq. (1) reads

Uz U’
1 X2 _gh 2
2 5 g (2)

Eq. (2) combined with jet continuity condition
SU =3U,; =5,U, =Qy (3)

relates cross-sectional ratio of the jet with it’s inlet velocity, Ul

S 2gh) "
22 _ [1+ %J (4)
SH 1

Gravity g

Fig.3.2 Free falling jet

Numeric example. Consider jet average velocity on to be 0.5 (m/s). For h = 2.5cm
Eq. (4) yields: S»2/S1=0.58, i.e. free jet area is reduced by about 40%, which is rather
noticeable change. In the case of noncircular liquid film the shorter jet edges which
are perpendicular to the beam direction will shrink more as long ones, oriented along
the beam.
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CONCEPT OF PARTIALLY CONSTRAINED JET

One of possible approaches to reduce tilt of liquid film surface on beam entrance
point is to constrain jet in the beam direction on both sides by solid surfaces, Figure
3..3. The shape of constraint planes can be chosen by the aid of numeric simulations.
For our first approximation deviation of constraint surface from Z-axis, 8, will follow
the ideal jet law Eq. (4)

212
5=A[1— 1+ Zgzh]:A 1- j14 29081
Ul QtOt

()

where A and 1 are inlet width and length, respectively.

Inlet svstem 7 Inlet system 4
AR : | :
o TTTTTIT &
Y : = X
y Liqud metal jet
H Well fitted Free surface (1MD)
3 solid wall
- I8 9 I O A
|| tank Liquidunk ¢ 4 4 4 1 1 1

Fig. 3.3. Concept of partially constrained jet as spallation source

Although proposed particularly constrained liquid jet design solves geometric and
surface tension related stability problems, it also introduce an additional turbulisation
of liquid film due to liquid jet interaction with constraining walls. Turbulent
pulsations may affect free surface near beam entrance location, particularly leading to
unpredictable local beam entrance angle. The allowed maximum of chaotic free
surface pulsations is rather small — below 1mm, which may be limiting factor for use
of proposed design for high Re jets, i.e. high velocities or thick injector. Both,
numeric and experimental routes are suggested in order to find a maximum acceptable
D value for given Hg consumption rates.

EXAMPLE OF ONGOING CFD SIMULATORS

Important note. Results below originate from ongoing simulations, which is work in
progress. As such, results are unverified and shown for illustrative purpose only.
Boundary conditions as well as domain shape and numeric values of liquid film
characteristics in the final report of JES may be different from ones shown in this
chapter.

. DOMAIN SHAPE AND BOUNDARY CONDITIONS
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Solid surfaces of

\ /j et forming inlet

Partially constraned
jet forming surfaces

Proton beam

Fig. 3.4. Example of computational 2D domain used in CFD simulations. The red spot
marked as “proton beam” is shown for illustrative purpose only.

The shape of inlet is mainly limited by available processing routes. After
consultations with IPUL the following dimensions of inlet was selected for next
experiment: D = 14.26(mm), | = 107(mm). The thickness of internal separators is
2.5(mm). Corresponding computational domain, designed for average Hg velocity U
= 0.5(m/s) in jet cross section directly after the inlet, is shown in Figure 3. 4.

Open FOAM CFD package/toolkit, [2], is used for all simulations. Conventional k [1Q
model was chosen for turbulence description. Boundary conditions which during the
simulations were applied to the computational domain are also rather standard for
CFD. Thus, on all solid surfaces, such as inlet and jet forming walls zero velocity and
standard k @ wall functions was set. Uniform velocity was set on domain inlet,
while pressure gradient conditions were corrected by taking into account gravitational
force. Zero pressure condition and zero normal gradients for velocity take a place on
outlet. On free surfaces the slip condition was set.

Since results above are from stationery fluid dynamics models, the initial conditions
are not specified.

RESULTS OF SIMULATION
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Fig. 3.5 Example of CFD simulations, density normalized pressure p"= p/p (m %/ s?)
on Y-symmetry plane to domain.

It is well known that CFD system of equations in the case of k AQ is rather “stiff”,
thus an additional efforts to obtain a stable solution, like massive under relaxation of
linear equation systems was performed.

The next, Figure 3.6 shows velocity U (m/s) distribution (modulus and vectorial) in
the same region.

Fig. 3.6 . Example of CFD simulations, velocity U (m/s) modulus (color) and it’s
vectorial representation in selected points on Y symmetry plane

SOLUTION ON JET FREE SURFACE

In the real setup the shape of free surface will differ from flat, due to requirement of
pressure balance in both environments gaseous on liquid metal. However, driven by
simplicity considerations (more realistic free surface tracking modeling is still
unfinished at the moment of writing) author has used flat jet free surface
representation. In this case pressure deviation from atmospheric (in the model pam =
0) indicate direction and approximate value of free surface deviation from flat one.
The pressure (pnormalized) distribution on free jet (film) surface (slip condition) is shown
in Figure 3.7. The distribution of pressure in this region is slightly asymmetric, due to
asymmetrically located inlet separators. As one may notice, the pressure deviation
from zero near to location considered for proton beam entrance is [10.01 < p_ < 0.015,
or [10.0014(bar) < p <0.002(bar), by more as on order of magnitude lower as pressure
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head range in the system. Further shape optimization may decrease the pressure
deviation even more, however even recent results seems to be acceptable for max. 1
mm deviation of free surface. Lets use k[1Q turbulence model for estimation of order
of magnitude of free surface pulsations near beam entrance. One may do it by using
relationship between turbulent kinetic energy k and turbulent kinetic energy
dissipation @ which is base of k1@ model

3/2 3/2
&= K or L= kg (6)

!
Fig. 3.7. Example of CFD Example of CFD simulations, density normalized pressure
p"= p/p (m ?l s?) on free surface of liquid film.

where L is characteristic size of turbulence. Values of L (in meters) calculated from
CFD results are shown if Figure 3.7

=i

Fig. 3.8 Example of CFD simulations, characteristic size of turbulent pulsations (in
meters) on free surface of liquid film.

Figure 3.8 shows rather small amplitude of turbulent pulsations, which would be quite

acceptable for use with proton beam. However, this result is unverified as well as it
depends on approximate k [1Q model, thus experimental verification is required.
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IV Hg- LOOP DN-60

As theoretical estimations showed the possible solution could be partly to constrain a
liquid metal film in the beam direction with definitely shaped solid walls. The
appropriate shape of walls must ensure almost flat free surface in the transverse plane.

Fig. 4.1 Mercury loop DN- 60
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On the basis of theoretical estimations injector of transverse flow film target
with definite shape of side walls have been developed and installed on the Hg — loop
DN-60, fig. fig. 4.1
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Fig. 4.2 Injector of mercury film

C

3

Received experimental results are rather perspective — film in 100mm in width and
9mm in thickness is stable and homogeneous.

Windowless transverse flow film target formation seems rather perspective.
Injector in scale 1:1 has been designed and developed for installation on Hg-loop, fig.

Fig. 4. 3. Film of mercury

Windowless transverse flow film target formation seems rather perspective. Injector
in scale 1:1 has been designed and developed for installation on Hg-loop, fig. 4.4
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Fig. 4.5

CONCLUSIONS

e Hg — loop is designed and assembled. Practically it is prepared for thermo -
hydrodynamics tests of EURISOL Target mock-ups at parameters closed to
real ones.
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e proposed transverse film target is with good prospects - operating pressure in
the mercury loop is only some bars, film is rather stable. Besides depending on
the beam power and heat regime /distribution/ in the target the flow rate of
mercury is easy to adjust in the loop:

o experimentally observed free liquid metal film shape changes ( shrinkage)
may be explained with simple application of Bernoulli’s theorem;

e performed CFD simulations do not contradict with partially constrained jet
design applicability;

e on the basis of experimental results received on InGaSn- and Hg-loops as well
theoretical simulations injector of transverse flow film target is designed and
developed for installation on functional mercury loop and realization tests in
scale one to one.
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Preparation of a gallium multi-jet limiter for installation on
Tokamak ISTTOK

Initial conditions for the development of a multi-jet limiter for ISTTOK

The idea of the transfer to a multi-jet limiter is clear — to organize
an aprox. 1 cm wide opaque obstacle able to “scrape of” a real outer layer
of plasma. Under such conditions, compared with the single jet case, a
detectable already influence of the limiter on the parameters of discharge
could be expected. To make the transfer as easy as possible it was
decided to keep the main parameters of the stands (both on ISTTOK and
at IPUL) unchanged and concentrate all the introductions on the injecting
part, starting with the outlet flange of the upper reservoir and down to the
nozzles (Fig.1). On the left side of the picture the new developed unit is
shown with the nozzles shifted close to the wall of the inlet opening. The
proposal about a shifted injector must be considered as typical directly to
multi-jet systems. In the single jet version the nozzle was placed directly
above the center of the d=38 mm outlet port of the chamber. If the single
jet (d order 2.5mm) would be directly replaced by a multi-jet screen (d
order 10mm) we would be at risk that for regular discharges the cross
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section is to strong limited. Therefore it was proposed to shift the nozzle
section of the injector as close as possible to outer edge of the d=38mm
inlet port and then step by step bring it deeper in the volume, using a
similar positioning mechanism as in the case of the single jet. But at such
a disposition trouble is invited that the jets can be targeted against the
outer edge of the outlet port.

The next consequences are connected with the fact that at the same
acting pressure Ah= 1.3 m the flow-rate must be increased three, four or
even five times (depending on the number of jets in the multi-jet system)
compared with the initial single-jet version. To reach the same breakup
length for the multi-jet system the velocity in each of the jets must remain
unchanged, equal to the velocity in the single-jet version. The first and
simplest pressure consumer, these are hydraulic losses in the connecting
tubes. There were no questions with their minimization, the diameter of
the tubes was simply increased from d=5mm to d=10 mm. Next
component, these are local losses in the “on/off” shutting valve. Here
unexpected problems appeared. It turned out that the choice at selection
of bellows sealed valves is very limited, at least at the Swagelok
Company. Additionally, at the transfer to lower hydraulic resistances the
valves are critically increasing in size (Fig.2). The ratio between the flow-
rate and pressure drop in the valve is characterized by the flow coefficient
cv. = ¢y Ap*2. The numerical values of ¢, presented in Fig.2 correspond
to g measured in “gal/min” and Ap measured in “psi”. In the single jet
version it was enough to use a small valve with ¢,=0.36. Approximately
the same dimensions (height order 100 mm) are characteristic also for the
valve with ¢,=0.7 (Fig.2) and the intension was to build the multi-jet
injector on the base of this BN8 size valve. But in such a case only a three
jet version can be proposed (see later). Four jets are requiring already a
8UW series valve with c,= 1.2 . The dimensions of this valve remain
acceptable, the height = 290 mm. It should be remembered, that the valve
must be mounted on a d=12 mm tube. Exactly a four jet version with such
a valve was taken as a base for further development. But initially it was
proposed to install on ISTTOK a limiter with a higher number of jets. In
direct measurements it was stated that in such a case a valve with a higher
flow coefficient is required. Next after series 8UW follows series 12UW,
and these “machines” are huge indeed, reaching in height 465 mm. Also
such a valve was acquired (see Fig.2) but considered as unacceptable for
installation on a d=12 mm tube, at least on this first phase of
investigation. In the same time it should be remembered that this valve is
design with 16 mm in/out joints, it means, not so big.

Finally, the jets are pulled out with a definite non-zero velocity and
the corresponding accelerating energy, again generated by the same
pressure, is lost for the system. Such outlet pressure loses are present in
all “open” hydraulic systems, but their relative role can be very different.
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On Fig.3 a concrete case is consider, it shows that our configuration is
rather “open”, the pressure losses in all the three mentioned elements
(connections-valve-outlet) are practically equal. Curve 1 represents losses
in an “empty” connection, without flow meter and valve. At the acting
value of the hydraulic height Ah = 130 cm (see Fig.1) the corresponding
flow-rate Q was directly measured and the curve was drawn through this
point. Curve 2 corresponds to the situation when the mentioned Avalve
with ¢,=1.2 was included in the hydraulic chain. Losses calculated from
the relation Q = ¢, (Ap)Y? were simply added to curve 1. To determine the
outlet losses it is necessary to known the outlet velocity. A case with four
d=2.5 mm jets was considered, the value of velocity in each of such jets is
also represented on the x-coordinate. The outlet losses were determined
by means of relation Ah= v/2g. To construct the curve 3 these outlet
losses were added to curve 2. For the system ‘“connections+ valve” at
the acting pressure the flow- rate was also directly measured, Q= 60 cm®/s
was reached. Probably by accident for such a simplified scheme, but this
point matches excellent to the independently constructed curve 3. A
similar approach can be applied also in cases with different number of
jets, their diameters as well as with different characteristics of the valve.
Let us take an example. Considering the potential application to FTU
because of space limitations only the small valve with ¢,=0.7 can be
proposed. At AH=130cm for a single d=3mm jet estimates were
predicting velocity v=3.8 m/s, in an experiment v=4.4 m/s was reached.
In this case the most complicated, the outlet losses were clearly prevailing
making up 75% of the total pressure losses.

Behavior of individual jets in multi-jet injectors.

The upper chapter leads to the conclusion that in systems under
consideration the main working parameter - the velocity of the jets - can
be estimated/predicted with a good enough accuracy. And this accuracy
can be increased, first of all, by using more precise expressions for the
mentioned losses. In the case of a single jet it would be 0.k. also with the
determination of the second main parameter, the breakup length. But it
turns out, that at a real design of a multi-jet injector the individual jets do
not behave so nice as initially expected. Initial were the made in 2006
experiments confirming that all the jets in a three jet system break up
according the rules established for an individual jet (Fig.4). But in this
case the nozzles were placed in line with enough spacing, determined in
special measurements. By a precise mechanism two jets were brought
closer and closer and it was stated that 13 cm long jets behave as fully
individual down to a distance of approx. 2.5 mm. But at a real design it is
difficult to take all these requirements fully into account. For example,
spacing becomes strongly limited because of the necessity to bring the
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nozzles a close as possible to the outer wall of the inlet opening (see
Fig.1). All the nozzles must be squeezed in outer d =1 cm housing. In
reality the breakup length in a multi-jet system can differ, and essentially,
from the ideal “single jet” predictions. An example is presented on Fig.5
where the breakup length in a system of four jets can be seen (d=2.6mm;
v=2.8 m/s). According to the “single jet” predictions BUL= 21 c¢m should
be expected, in reality BUL order 11 cm was reached, it means, close to
two times lower.

Water as modeling liquid for investigation of Rayleigh instability in liquid
metals.

In the proposal under consideration the MHD interaction (generation of
induced currents) should be avoided by the Rayleigh instability — breakup
of liquid jets in shorter/smaller fractions. This process is governed by the
Weber number Wb and the breakup length L for a jet of the diameter d
can be determined by a rather simple expression

L/d = coef. (Wb)¥? = coef. (pv?d/c)*?

where p stays for density, o — for surfice tension and v — for velocity.
For a rather wide range of quasi-similar conditions the coef. remains
practically constant, with a weak dependence on the Reynolds number
Re. In the reference period a physically interesting and practically
important result was achieved, namely, the initially formal assumptions
that ordinary water can be used for modeling of the breakup process in
interesting us liquid metals were experimentally confirmed. These ideas
are based on the circumstance that for water and such materials as
InGaSn and Ga at given velocity v and diameter d the values of the
Weber number (and also of Reynolds number) differ very little:
Whb(InGaSn) / Wb(H,0)=1.28; Re(InGaSn) / Re(H,0) =2.5
Whb(Ga) / Wb(H,0) = 0.66; Re(Ga) / Re(H,0) = 3.3
at parameters

InGaSn (p = 6400 kg/m*; ¢ =0.353 N/m; v=4.10" m?/s)

Ga (p = 6093 kg/m3; 6 =0.723 N/m; v =3.107 m?/s)

H.0 (p=1000 kg/m?; ¢ =0.072 N/m; v =10.10" m?/s)

In Fig.1 results are compared when the relative breakup length L/d
has been measured both for liquid metals and water. The ,,0ld” points that
appear black where used to establish the very handy for liquid metals
dependence

L/d = 4.2 (Wb)Y2
The light points relate to measurements with water. Both sets of
measurements coincide surprisingly good. It shows that in general we
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have to do with a clearly expressed physical mechanism practically
governed only by one non-dimensional parameter, the Weber number.
The results of the essentially more convenient measurements with water
can be used also at the discussion about the reasons for the “strange”
behavior of individual jets in liquid metal multi-jet systems.
Measurements with water confirm that breakup length for individual jets
in a multi-jet system can remain practically unchanged compared with the
single jet case. Both for individual jets (1x), as well as for ansambles of
three (3x) and five (5x) jets the breakup length depends on the Weber
number in the same way. It should be underlined that the geometry of the
nozzle units in both cases was kept practically similar, both for H,O and
InGaSn.
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Figure 1. Scheme of Ga limiter installed on ISTTOK and of the new
designed multi-jet injector
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Figure 4. Break-up length in the system of three d=2.5 mm InGaSn jets
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Figure 5. a) Version proposed for installation on ISTTOK: four d=2.6 mm
jets; BUL ~11 cm; v -2.80 m/s; b) version with five d=2.6 mm jets; BUL -9
cm; v-2.3 m/s

Photo under angle when all the jets can be most transparent seen, scales both for break-
up length and side deviation.
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Figure 6. Break-up length of liquid metal and water
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