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Abstract: During material testing under radiation
conditions they are bombarded with neutrons. A lot of
heat is generated. It is necessary to cool the tested
material. The most effective coolant is liquid metal
flow because metals have both good heat conductivity
and capacity. Loop for tested material cooling with
liquid mercury was developed. To provide metal
circulation in the loop electromagnetic pump with
rotating permanent magnets was chosen. Pump has a
simple construction and is safe in use.

In this case mercury as a cooling media was
chosen because of its physical properties such as
lowest melting temperature and simple
construction of experimental loop. Other heavy
metals have higher melting temperatures. In the
case of mercury is not necessary to heat the metal
to melting point and higher and no need to heat
the loop for filling it with metal (temperature of
the loop must be higher than the melting
temperature of the metal under filling).

To create satisfactory mercury flow the
electromagnetic pump with rotating permanent
magnets was chosen. Both the pump and the loop
were developed and manufactured in Institute of
Physics of University of Latvia (IPUL) for
Oakridge National Laboratory (USA) to do tests
of material samples bombardment with neutrons.
This is another prosperous example of the
collaboration of different research teams.

The main pump parameters were chosen to
reach necessary pressure and flow rate. After the
analysis of restrictive parameters the choice of
the construction of the mercury loop was done.
Then the design and the production of the loop
were performed. The technological task was
following: to create the loop filled with mercury
matching below listed parameters. Velocity of the

flow in test section — 0.35 m/s, pressure below
1.4 bar. Active part of the loop should be 600 to
600 mm made from rectangular shape tube of
following dimensions: 50 x 25 x 1.5. Total
weight of the loop should be less than 450 kg.
Dimensions of the loop — 1400 x 1100 x 780 mm.
Loop must be enclosed in secondary container,
which in the case of accident wouldn’t let the
mercury to split out. There should be windows in
secondary container opposite the test section. All
the system must be mobile with quickly
connectable communications.

Principal scheme of the loop was developed.
It can be seen on the figure 1. Briefly the
operating principles of the loop are following.
The mercury is filled in the loop 2 from the tank
22. Filling is performed by using pressure from
the He wvessel 20. Electromagnetic induction
pump with rotating permanent magnets make the
mercury to circulate in the loop. The test section
with the tested material is bombarded with
neutrons. Test section is being cooled by liquid
mercury, flowing in the loop. Bubbler injects the
little gas bubbles into the mercury to prevent
hydraulic shock to the walls of the loop. Due to
the neutron bombardment the temperature of the
mercury locally sharply increases and the
mercury sharply expands. Gas bubbles work as a
shock absorbers due to the compressibility of the
gas.

Electromagnetic induction pump with rotating
permanent magnets was chosen because it has
several advantages comparing with other kinds of
pumps. The main advantage comparing with
mechanical pumps is the fact that there is
absolutely hermetic pumps channel [4]. So there
are no gaskets and a leakage possibility is much
lower. Construction of the pump is simpler. And



it is possible to replace the pump with another
without  touching the pump’s channel.
Electromagnetic induction pump with rotating
permanent magnets has more simple construction
than electromagnetic induction and conduction
pumps and they have higher efficiency
coefficient [3]. That’s because there is no need to
waste energy to create magnetic field as it is in 3
— phase induction pumps. And there are no
problems with wetting and corrosion of
electrodes in case of conduction pumps [1].

There are no windings at all in these pumps so
they are simpler and cheaper. While the pump is
operating it can provide self - cooling as the
rotation of the rotor causes the turbulent air flows
around the pump [2].

Cross section of the active part of the channel
is 10 to 82 mm. The active pert of the channel is
180°. NiFeB permanent magnets with inner
induction 1.25 T and dimensions 15 x 20 x 50
were used. Schematic view of the pump is given
in the figure 2.

On the outer side of the channel the laminated
ferrous passive yoke is placed. Magnetic flux
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Fig. 1. Principal scheme of the test loop: 1 —
Electromagnetic induction pump with rotating
permanent magnets; 2 — active part of the loop; 3,
4,9,11, 13,15, 17,18, 21, 23, 25 — valves; 5, 7 -
hydrophones; 6 — material test section; 8 —
bubbler; 10 — electromagnetic flow meter; 12 —
pressure — vacuum gauge; 14 - Hg filter; 16 -
vacuum pump; 19 — level meter; 20 — He vessel;
22 — Hg tank; 24 — level indicator

completes through this yoke. It increases the
efficiency of the pump. Pump is driven by 3 —
phase asynchronous motor of power 0.25 kW.
Revolutions of the pump and wherewith pressure
— flow rate are handled by frequency converter.

Cylindrical pump with 6 permanent magnets
was chosen. Outer diameter of the rotor is 74
mm.

Rectangular tube with dimensions 50 x 25 x
1.5 made from stainless steel 3161 was required
because of its corrosion resistance against
mercury and its mechanical and technological
features. Also other tubes for pressure, vacuum
and mercury filling tubes in the loop are made
from the same material. They are connected with
Swagelok connectors and supplied with same
producer’s valves.

Every tube in the loop is at least in 3° angle
against horizontal to ensure that all the mercury
can be drained out of the loop.

Mercury tank is also made from stainless steel
316L. Its volume is 8 liters. There is 5 liters of
mercury in the tank.

Fig. 2. Principal scheme of the cylindrical
induction pump with rotating permanent
magnets: 1 — rotor; 2 — permanent magnets; 3
— pump channel; 4 — laminated ferrous passive
yoke



Fig. 3. Experimental loop for material testing
under radiation conditions without the upper part
of the second container and with cutouts (for a
better view) in the lower part of the secondary
container;; 1 — three — phase asynchronous
electric motor; 2 — electromagnetic induction
pump with rotating permanent magnets; 3- loop;
4 — test section; 5 — electromagnetic flow meter;
6 — frame of the stand; 7 — mercury tank

Loop grounds on the frame made from the L —
shape profiles. Material is the same — stainless
steel 316L. Loop is elastically fixed on the frame
to avoid stresses during thermal expanding of the
loop. Frame and tank grounds on the lower part
of secondary container and can be -easily
dismantled. It is done because of the remaining
radioactivity of the loop after the tests. All the
system is dismantled and put into nuclear waste
depositary. Secondary container consists of three
parts. Lower part is made from stainless steel
316L plate and welded. On its bottom the wheels
are mounted. Two upper parts are made from
Plexiglas and L — shape profiles from stainless
steel 316L. There are two sliding doors on the
sides of the middle part of secondary container
and one in the back side. Side doors are made for
neutron bombardment and back doors are for
engineering communications.

Secondary container is made in way to ensure
that no mercury can be spitted out in environment
in the case of accident.

Two upper parts of the secondary container
can be dismounted for the service needs.
Secondary container has wheels to relocate it.
Loop without two upper parts and with cutouts
(for a better view) can be seen on figure three but
the outer container is showed on figure 4.

This experimental loop for material testing
under radiation conditions was successfully
tested without neutron bombardment in IPUL. It
passed all necessary tests on vacuum and
pressure and operating tests in real conditions
with mercury but without proton beam. After that
it was sent to Oakridge National Laboratory
(USA) where tests of the facility were carried out
successfully.

This example shows that electromagnetic
induction pumps with rotating permanent
magnets can work with different working fluids
under different conditions and this kind of pumps
has lot of application possibilities and
development potential.
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I. Bucenieks, G. Bunga, K. Kravalis. Mazgabarita
kontiirs ar elektromagnétisku indukcijas sikni ar
rotéjoSiem  pastavigaliem magnétiem materialu
dzesesanai ar dzivsudrabu.

Parbaudot materialus radidcijas apstakjos tos biezi médz
apSaudit ar neitroniem. lIzdalas liels siltuma daudzums.
Tade] ir nepiecieSams dzesét parbaudamo materialu.
Visefektivakie dzesésanas Skidrumi ir skidri metali, jo
metaliem ir laba siltumvaditspéja un siltumietilpiba. Tika
izstradats kontirs parbaudama materiala dzeséSanai ar
Skidru dzivsudrabu. Lai nodrosinatu metala cirkuldciju
kontiira tika izveléts elektromagnétisks siiknis ar rotéjosiem
pastavigiem magnétiem. Sitknim ir vienkarsa konstrukcija
un tas ir dross lietosand.

H. Byuennexc, r. Bynra,
K.KpaBanuc.ManoradaputHblit koHTyp c
371eKTPOMATHATHBIM HACOM c MOCTOSIHHUMBI
BPALIAIOIINMCS MarHuTamMm  JJs OXJIAJKIEHUST

MaTepHaJoB PTYTHIO.

B mecmuposanust mamepuanog npu 6030eticmeunt usnyueHus
6 YCnogusix 6omMOapoOuposKu HeumpoHamu 00pasyemcs
bonvwoe konuuecmgeo menna. Hccnedyemwiii mamepuan
Heobxooumo  oxnadxcoams.  Haubonee  s¢hgpexmuenovim
menioHocumenem AGIACMCA HCUOKULL Memanit, NOCKONbKY
nomox Memania obnaoaem u Xopouweti
Menaionpo8oOHOCHbIO u MenI0emMKoOCmbIO. buvin
paspabomar yuxa 0sk UCKLIMAHUA 00payos pmymuio. s
obecneuenuss YupKyIssyuu Memaiid 6 nemie UCnon3yemcs
INEKMPOMACHUMHBITL Hacoc c BPAWAIOUUMUCS
nocmosiuubiMu  machumamu. Hacoc  umeem  npocmyio
KOHCMPYKYUIO U 6e30naceH 6 UCHONb3068aAHUU.



