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Outline of the presentation:
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The Institute of Physics of the University of Latvia (IPUL) is located
near Riga and is one of the research centers in Europe of
MagnetoHydroDynamics (MHD) since 1946.

Introduction of IPUL
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Current IPUL structure
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Heat and Mass Transfer in Magnetic Nanocolloids

Vibration sample magnetometer for sample 

magnetization  measurements and  particle 

magnetogranulometry analysis

Holographic setup for measurements of dynamics 

of optically induced nanoparticle structures in thin 

layers

Interferogram of particle boundary layer 

formed by magnetophoresis

Main topics of the research:

1. Physical properties of ultrafine magnetite and complex
ferrite particles containing colloids.

2. Nanoparticle diffusion, thermodiffusion and Soret effect.
3. Thermoconvective instabilities of optically induced 

nanoparticle structures.
4. Nanoparticle transport in porous media.

Collaboration partners:

Faculty of Physics and Mathematics, University of Latvia (UL), 
Institute of Solid State Physics UL, Institute of Inorganic 
Chemistry, Riga Technical University (RTU), Latvian Institute of 
Organic Synthesis, Company “Ferrotec-USA.“

Group leader: Prof. Dr.habil.phys. Elmārs Blūms

Laboratory of Heat and Mass Transfer
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Digital image and
principal schematic
of the experimental
device: 1 – gasifier
with a biomass
pellets; 2 - water-
cooled sections of
the combustor; 3 –
primary air supply;
4- secondary air
supply; 5- propane
flame inlet; 6 –
positively biased
electrode; 7-
permanent magnet

Experimental study of combustion dynamics at thermo-chemical conversion of biomass pellets and their
mixtures

Laboratory of Heat and Mass Transfer



Electromagnetic processing of materials –
nanoparticle dispersion in metals by
electromagnetically induced cavitation

Sample of Al-6%wtMg with SiC particles produced at IPUL

Acoustic spectrum and experiment scheme

Principal scheme of experiment using 
superconducting magnet



• Production of metal matrix nanocomposites using electromagnetic methods

• Improvement of metal alloy microstructure by electromagnetic methods

• Effective production of metal powder for 3D printing

• Permanent magnet devices for aluminum melt contactless stirring

• Purification of silicon for solar panels

Schematics of aluminum stirring by 
permanent magnet rotor Numerically calculated magnetic 

field distribution from two 
cylinder magnets



Laboratory of Magnetic Hydromechanics



IEA Tritium and Safety Issues 
in LL Breeders, 11-12 June 
2007, Idaho Falls

O. GASTALDI

Li dosage control and MHD stirring

technology seems needed for mixing

Feasibility at semi- industrial scale ?

Mixing drawbacks: 

→ fast alloying rates and very difficult

local temperature control

→ possibility of formation of hard

melting Li5Pb2, LiPb, Li3Pb
( Higher Li activity so Tritium

solubility higher than in the eutectic

!!!! )

Different commercial production



11

PbLi facility: SuperPbLi
Study of MHD flows in high magnetic field (up to 5T)

Laboratory of Magnetic Hydromechanics



PbLi facility: CoMaCorE - M
Study of construction material corosion in MHD flow

B = 1.7 [T], T = 550ºC

B = 0 [T], T = 570ºC

Laboratory of Magnetic Hydromechanics



EM pump for sodium, P = 7.0 bar, Q = 
24 m3/hour (2016)

Spiral EM pump for
high pressure PbLi

Laboratory of Magnetic Hydromechanics
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EMIP technology
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𝐵𝑟 𝑧, 𝑡 = 𝐵0 𝑧 ∙ 𝑐𝑜𝑠 𝛼𝑧 − 𝜔𝐵𝑡 OUTIN

No moving parts and hermetic construction, 
therefore significant safety improvement over 

conventional mechanical pumps.
Widely used since 1970s.

VLM



Special 240 𝑚2

experimental hall:

Coated with stainless
steel (floor and walls)

Sodium (Na) loop

Lead – Bismuth (PbBi)
loop
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Laboratory of Magnetic Hydromechanics



Riga dynamo experiment

DRESDYN (DREsden Sodium facility for DYNamo)



PAMIR conference «Fundamental and Applied MHD, Thermo acoustic 
and Space technologies», Riga, UL, 16.06.2014 
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Opening speech of Conference Chairman Dr. Antoine Alemany during
PAMIR conference «Fundamental and Applied MHD, Thermo acoustic

and Space technologies», Riga, UL, 16.06.2014



The Magnetohydrodynamics (former Magnitnaya Gidrodinamika) is a 
quarterly journal published since 1965 by the Institute of Physics, 
University of Latvia, http://mhd.sal.lv/index.html



New university campus Research building 2018



Thank you for your attention!


