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» Design of the DC EM (ElectroMagnetic) pump
for the sodium-CO, reaction experimental
loop in the SFR (Sodium Fast Reactor) at
3 L/min,0.05 bar and 500 °C
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< Kinds of EM (ElectroMagnetic) Pump

Conduction pump Induction pump
: I

| |
/DC conduction\ KAC conduction \ /Pros \

Pros Pros > Power control
. . using transformer

» Simple design > Power control > High capacity

> Small size using transformer
Cons Cons Cons

> High current > Relatively low » Complex design

> Heat loss efficiency P

> Large size —— i
- / T v

¢ Laminated Torpedo
~ /\ y (Inner Magnetic
~ 41N Field Structure)
Flow In j @/
= Stationary Winding __

% Reference : EEM Thomas, A.P Kurt, D. Amado, Electromagnetic Pumps for
Conductive-Propellant Feed Systems, IEPC, 295, 2005. R MD LO b
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» The optimum design variables analysis of the
DC EM pump

- Minimization of the input current
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« Reference :

v’ <10 kA Power Supplies http://w3.siemens.com/powerdistribution/glob
. al/en/mv/medium-voltage-outdoor-
— have more than 3 m helght devices/pages/vacuum-recloser-3ad.aspx
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“ Modeling & Principle of the DC EM Pump

Electro l
Magnet

» Basic Principle :
Fleming's Left hand rule
(F = B x I)

» Sodium get force by
Electrode magnetic and current

Stub
N Pump flow

v" Modeling of DC EM pump
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% Schematization of DC EM pump

Rp Ep ip
—~Aan— 1
Re Rg 1g
—AAA——AAA
RSS iSS
AN
Rp E ip
R —— A {IT:
Rss/ /R#=Rn 1n
AN
Wa

Stainlesg Steel

Sodium

Ha

1|

Currnet Flowing.,

v" Qverall & Cross sectional

e

_ AP(Ry, + R,)(Hg—2D) ,__ B
B BR,, Ry(Hy — 20)

Lt

Where,

_ PNa(Wa—21)+2pgsl
R.. =
p (Hg—2DL

R, = Pss(PNa(Wg—21)+2pgsl)
f k[(Wa)Hgpss+2U{pna(Wa—21)+2pssl}]

pss(Wgq—21)
R.. =
S 2L1

Schematization Rn  Rf R
P RMDlab
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With given data,

Q (Volumetic flow rate) :3L/min / : \
AP (Pressure head) : 0.05 bar ATEIEE
T (Temperature) : 500°C - AP(Ry, + R,)(Hq—21D) BQ

=

i I 1 BR R, (H; — 21
Relationship according to h n(Ha —20)

magnetic flux density is v' As magnetic flux density
goes up until 0.1 T,

1600

ol N e ] left part (Force given by
I T S O N N Fleming's left hand rule) is
= S N R R o . dominant so current is
5 woll - - ' ' ' rapidly decreased
£ o v As magnetic flux density
S 40 goes down after 0.1 T,

200 . . right part (electro motive

0 l l l l l l

ooz or os__ds 1 iz s forcle) ils c.zlominan;cI SO current
. . iIs slowly increase
v Optimized Current to change with \ y /
magnetic flux density
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Result

“ Features of permanent magnet
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Properties NdFeB SmCo; Sm,Co,; Alnico Ferrite
C“”?oé]emp 320 750 | 825 860 | 450
Max. working
o 30~200 260 350 550 250
temp. [°C]
v" Magnetic field strength at 6mm thickness: 0.4 T 0.05T
» In order to work at 500 °C, Sm,Co,,, Alnico is good to use.
» Sm,Co,; Is accepted
because magnetic field strength is more adaptable than Alnico
R MD' " Lab
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“ Optimized value along the variables

Wy (Width) :13.1 mm
Hq (Height) 3.8 mm
wr L (Length) :16.2 mm
. _ I (Current) : 161 A

B0y, 13 mm |

L 162 mm
6007~ I :161A

....--Opiimized Value:

» Hy value is chosen by
minimum value to adjust
| 5 pump size.
> Black diagonal line has
e e T s almost same value
Widthmm] - 400 100 °°  Length [mm] (max +7 %).
Therefore this line values
v Input current according to change of variables can be chosen according to
variable situations.

400"

Input Current [A]

00 - T
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% P-Q characteristic analysis

2

1.5

AP [Pa]

0.5

v The characteristic curve of the pressure-flowrate

¥ 10

Result

£ X

) 19; ]

< %Js e‘q

L4 NS ’1.04
13638

- 4 —
D_IE E]_I-!I 0.6 D_IB 1
Q [m3/s] x10°
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Slope iIs negative

> It works stably even if
flow rate is fluctuated.

- increased flow rate
change causes
reducing of developed
pressure

- decreased flow rate
change causes
increasing of
developed pressure.
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<+ Viscous pressure drop & Power

Ap =g, LY 2
— Ty, P =1“R
In turbulent flow, Power is 1.72 W

» Viscous pressure drop i1s 44.4 Pa
» That affects only 0.9 % of total pressure
( 0.05 bar = 5000 Pa)

» Heat loss is small
& hotness is safe
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[V. Conclusion
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» Drawing optimized variables

at 3 L/ min, 0.05 bar, 500 °C

» This pump works stably.
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> Viscous effect and Heat loss can be

negligible.
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» Manufacturing is ongoing now
based on optimized values
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