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Abstract: In this work authors discuss main physical phentamend present
simplified axisymmetric analytical model of centigial electromagnetic induction pump
(CEMIP). Obtained results are slightly modified feal geometry of CEMIP and compared
with experimental data. In the end the comparisoth Wnear electromagnetic induction
pump (LEMIP) is performed. Possible advantagesagutinization of CEMIP are discussed.

I ntroduction

Investigations of centrifugal electromagnetic purfgesliquid metal applications have
been performed already in 1980ies [1]. Due to rattmmplicated construction and no
significant superiority shown over traditional medis of liquid metal transport, such design
has not gained wide appreciation and more commmeatipumps are used.

The advantages electromagnetic induction pumps EgNMNith rotating permanent
magnets over inductor based ones have been demtedstin [2]. Centrifugal EMIP or
CEMIP with rotating permanent magnets was investjaanalytically in regime of zero
flowrate also providing experimental data in [3)t keaving some questions unanswered. The
lack of analytical models, which could be usedifiegral characteristic estimation, does not
allow correctly analyze CEMIP and compare with&nEMIP or LEMIP.

1. Presentation of the problem

We consider conducting cylinder (fig. 1), the heigh cylinderb is relatively small
compared to radius in cylindrical coordinate systdRotating permanent magnet system
creates a magnetic field in form of travelling waweving over azimuth and interacts with
conductive cylinder from radiu®; to R,. For simplicity, in this radial region external
magnetic field is considered constant over heighitleas only component:

B.(¢,t) = Re[Bye™M@Bt=9)]e, (1)

Such travelling field will induce EM forces and @eate azimuthal motion of
conductive media in direction of travelling fiel8y neglecting effects over height, it is
convenient to use 2D polar coordinate system. Satieraf CEMIP is shown in (fig. 2). One
can divide the flow volume into two regions:

1. R <p < Ry - inactive or radial transition region, where flag determined by radial
velocity componenty, and in case of non-zero flowrate azimuthal compong is
neglected.

2. Ri<p < R; - active or magnetic field interaction and pressigvelopment region, where
flow is mainly determined by azimuthal velocity coomentv,, but radial component,



also has significant impact because of inertiakimgforce, which appears due to rac
(transverse) motion of flui
Developed pressure is determined by processegiue ar magnetic field interactic
regionR; < p < Ry, therdore only this region is mainly considered in tim@ified analytical
model.
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Fig. 1. Cylindrical coordinate system w Fig. 2. Principal schematic of CEMIP.—
conductive liquid andravellinc magnetic inactive region, 2 -active regior
field.

Seweral assumptions have been made to simthemodel. First of all, azimuthal ar
radial velocities have axaymmetric forms to satisfy continui

Secondly,active parts mean radi is big enough to neglect curvature of cylindri
system and magnetic Reynolds nunrmultiplied by slipis significantly less than unit

In case of (5), the averaged EM force can be egptesn rather simple for (6).
Frictional losses are taken into account by -empirical formulation [4Df friction factorA.

As 1 is alsofunction of velocity solution method requires ialtiguess and iterati
approab. After inserting (6, 7) in Navie- Stokes equation we haveequatiorsystem of 2
unknown parametersv;, andp:
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After radially averaging second term in (9) witlDYJand introducing rations of forces
K - inertial — friction;N, - electromagnetic — friction (11, 12):
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Equation (9) is transformed to quadratic algebegjgation solution of which is:

“Bwrny| 1+ N 1| @13
Yo =7 4 (K + Np)? (13)

Using (3, 13) in integration of (8)
solution for axi-symmetric case s
obtained. However, for real geometry (fig.
3) Bernoulli’'s law is used on some mean
streamline with coefficients (14, 15) and
using axi-symmetric solution. Finally,
using (4) and introducing (16) developed
pressure of CEMIP can be calculated (17)
or in case of zero flowrat® using (18).

Fig. 3. Some mean streamline in the outlet.
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2. Comparison with experimental results

Experimental loop (fig. 4) consisted of electromiqth) and rotor of magnetic system
(2.). It was possible to change air gdpsing bolt mechanism. Channel of pump with liquid
metal (4) was placed into open vessel (3.) extgrmaloled by the water. In-Ga-Sn eutectic
was used to be able operate in room temperatureveihdut external heating. Valve (5.) and
EM conduction flow meter (6.) were used to regubatd measure flowrate of CEMIP. Single
differential gas-liquid manometer (7.) was usedestimate developed pressure difference
between inlet and outlet. It was possible due &fftt that diameter of expansion tank (9.)
was much larger than diameter of manometer andgesaaf base level were so minor that
they could be neglected. Before filling the loopnfr supply tank (10.) it was for-vacuumed
with mechanical vacuum pump (8.). Experimental lpapameters are collected in (table. 1).



Table. 1. Parameters and their values of experiheptur.

CEMIP dimensior Other parameters B field parameters
Radius, m Dimensions, t d, mm Bo, T
R 0.15 b 0.01 g, SIm 3.46 eb6 5 0.27
R 0.125 a 0.06 pm kg/n? | 6.44 €3 10 0.18
Ry 0.1 u, Pals 2.4 e-3 15 0.13
R 0.02 Poles 16 20 0.09
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Fig. 4. Experimental loop of CEMI Fig. 5 Developed pressure as function

magnetic systems rotati@peer. Q = 0 [I/s].

Comparison ofmaximum developed pressure with different amplitodemacnetic
field By is shown in (fig. 5)where E— experimental data and Aanalytical solution (1¢ It
can be observed, that in all cases analytical tesalresponco experiment fairly well.n the
case of highN (high By and lowvg), developed pressel increases as quadratic functior
rotation, while for smaller values it increases @dirnlinearly

In (Fig. 6 — 9.) E -experimental data and — analytical solution(17) of 4p — Q
curves with fixedrotation speein and magnetic field amplitud& arecompare. Theoretical
model qualitatively corresponds to experimentab. However, betteagreemer is achieved
with lower By (N ) (fig. 8, 9) It could be explained by smaller influence of fioct factor4,
which is estimated approximatelin calculation ofv, and therefore developed press
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Fig. 8.4p — QcurvesBo= 0.13 [T]. Fig. 9.4p — Qcurves By = 0.09 [T].

3. Conclusion

The simplified estimations (17, 18) derived in thisrk shows qualitative agreement
with experimental data (fig. 5 — 9) and can be usedestimation of integral parameters of
CEMIP. Due to principally different physical meclen of pressure development from
LEMIP, such device might have advantage in appticatvhere mixing of conductive media
is required and low values ®f; are only possible. Expanded and detailed versiothisf
study can be found in [5].
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