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Transporting molten metals is one of challenges in industries. Dangers for human, oxidation, torbulance and
reduction of equipment life are problems of the transportation. Electromagnetic pumps have solved problems
of using molten containers and also mechanical pumps. In this paper, by examining the effect of main
parameters in the design of a direct current electromagnetic pump with a rectangular cross section (magnetic
field size, electric current applied to the fluid, channel height and width) by the surface response method, the
pump output including flow velocity and The Lorentz force is optimized. The results show that the amount of
electric current applied to the fluid has the greatest effect on the response surfaces. It is also found that
changing the channel width had little effect on responses. However, reducing the channel height has a positive
effect on the response levels. By creating a magnetic field of 0.3 Tesla and a current of 12 amps on a channel
with dimensions of 30 X 10 mm, the fluid with a velocity of 0.27 nvs is displaced by a volumetric force of
5000N/m"3. The method used in this paper optimized the output parameter of the pump. Experimental tests
verify the results of simulations, including the maximum pumping height, pump flow and fluid velocity in the
pump.
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Fig. 4 Direction and magnitude of the magnetic field applied to the
fluid under the pump

oot 2 e & Jlosl (ouiblise e ol 5 cgz 4 S5

Fig. 5 Electric current between two copper electrodes perpendicular to
the magnetic field

mblise iy 908 oo 23550 55 s (S oy B g

(Jlow s ) (2955 yalyly oy -3-3
JsgSe (le3 5 ol Ls Ll o9l (lejpn o0 J L
Sy Soly Cows (9B b illae woguze Ll )l 5 Langs
Sy B IS 05 B o alzralr con Jlw 5 55590
S ek ples s e i ) Jlow &S > S g Sl
Lol 51 o JUIS wilie 5o Jlws oty ol i
o Loog i8Il (So03 )0 (25 lagl > wizees ik o
2558 Jlw &5 Jds el pasiie (i la 5L JJo
ol S DS 3 (S 0l 2 (nbline (lase

9 oleis 8 095 1400 L3T (lnl Sdss 5 il wdie

5 0 JUael Jlw as 5,5 ol plyT oz Sujd o
9o B 3 S 0 el sads plml Jlw &S > (g jlwdnns
sy Zal 002 00591 dli s 1 (WSLs Sl 8 e
5 el 0 00ls 13 o 550 Ll e 4 b (53359
o0 Jlosl (g5,0 Ll (lyie 4 azms L3S ooy (295 53
RO PR ETI STC RN SRS PR POSCINIE oL SO O
el 00l pll Laze sleo [0 (g3luands

Ol ool eais ploml ola;l (>lb 4 a g L
Jleel s a Lovog i8Il s amb 40 Y03 cbolins
g Sz bl ablion Glase co eSS Jleel il oals
Sy FESI5Sy oy s o3l

3265 UK C ablisn s b 5l (prblie ol
Ll 0 Jlae! Jlow 43 ol 43,5 15 JUIS el 5 W
) alizes glaoslil b (e Glss oo (699,9 syl s
L @oldae Yus 03 —acblise (ylae 0,5 Jlae! Jlow
St d92ge Dl aazgil 5 ool el Jlejl (b
Wl 00 GBSl oy slaiale;] plol

58 Jh a Jloel abliie o e 4 JSt
B oo sl |y goae gilwas

S 5 ol 5,000 (S3ltend JoaS sl
sloy! e a5 el oads Jloe! Jlow a5 &lg 2500 o 3laslas

Dedse Jlw 55 el 12 ) >

4 [l Compenent 1 fcomp1)
= Definitions
'.“-’A"-,_ Geornetry 1

s Matenals
¥ Magnetic Fields {mf)
}f Electric Currents {ec)
=% Laminar Flow (spf)
sipe Multiphysics
Fig. 3 Applied physics in finite element solution

sgame Slodl U o Jlosl slacSys 3 Ui

18



Obed 9 ydaml (3LS) Sung

w833 oSS b mhoaws gwly ) &y auaboliseg yisIl ey 0 35 )9) (59 45 SIwdia

o abml L g by Wyl (295 o ygilyl -4-3

b lidog SiS! coy bawg

JLid aib oo Sleey ) eny (b 30 e sl el )

90 oyl aly a5 g co ol 1 yo (Jbew 4 Jleel S 2SI
S Sl sl s Sy o Lo S S5 50

Rty

42 9 9ghss Sbml Jlw &85 > 50 @lo 0929 Pl » ey o
e ISl A8l iy ey Lt el LB L3 25
Sy LI L dge (nl & Cosl iy ooy (5970 s
ool ) ailxe 5 (gilwdd Sy ol oall ooy lid
el 00 ploxl aay (53l g 00l Sgdus JUIS diles

o ol fygiw b cunl Jolae a5 JISCul 156 jLzé isTos
sl o0 olo i 7 IS yo a8 oo gl 1/56 el

P 15

h= = _ —001556(m) ~ 1.56(cm)

(pxg) ~ 1024x9.81

(1)

Pa
A 156
140
120
100
80
60
40
20
0
V-12.4
mm
mm 150
100
0 50 Pa
0
-50
-100 <=
=
(<)
140 ]
130
120
110
100
K 90
> 80
2 70
n 60
£ s
40
30
20
10
0 :
0 50 150 200

100
Arc length (mm)

(@

Fig. 7 Maximum pressure created by the pump

‘5.3)-7}; . . @w _4
7S byl ead plodl soae o oo o)z sl

19

()

0.3

0.25

0.2]

0.15

0.1]

0.05

-0.05

Velocity field, x component (m/s)

-0.1]

10 15 20
Arc length (mm)

(<)

V¥ -0.04

()

Fig. 6 The magnitude of the fluid velocity in the fluid motion path
s 555 s 55 Sl S50 (5,526 U5

ol 93w 03 acblins lae o3lal b Jlow e yoo
mls o aS coul ool cansa, 027Tmis 101 12 S5 2SI

il Gebate (025 slacus

9 oleis 8 095 1400 L3T (Wl nl Sdss 5 il wdie



Oblad 9 ydaml (L) a9

e G3AE Ja IS L mloaw Fawly (g Ay puabolideg yiSIl ey S 535 )9) (S90S wdine

Slas 5l o295 S x> e (20 SxSosll sl
|y e ol gl 3 g 45 oy draslne (o oy 4o JUIS
oud ooyl jlud iSlas aulxe gl Cpioren a2 oo lid
e Gaay agi oa sl Jlow gt )] Gaey angs
ol o] Csdds ony HLid g

o 5955 039 L ooy 9 00 (65l Jlows oz
s o ol 000 4 Jgo j0 a5 jgblen .l oo dnle
5 b des imlesT sl oy draslome JUIS 500 51 Jlow jeee
tilons 5Ly s 3 ol 0 ol Cilizes o (sloosly
ol 00

585 Sl oot dilna (2) Jgo 2 Gsb 5l Jlow e poo

NI WA 00)5] 4 JS»

v (2)

Table 3 Experimental test results of electromagnetic pump
merblinog S sy 025 s 5 3 Jgux

3 2 1 e oot

5ol oo 5 o Jsloma 5 f Jolono

S Jlow
KOH o KOH o KOH Ko

0/3 03 03 (T) comebline oylose ojlasl yal )b

12 12 12 (A) SosIl b,
30x10 30x10 30x10 (mm) JUlS sls!

10 5 3 (8) cos plowil ylo;

005 yslgaz Sl x>

0/76 0/41 0/26
(Lit)

Table 4 Calculation of pumping speed and flow rate of electromagnetic
pump with three repetitions

IS5 5k e b (bl S0 sy (003 9 5oy Sae s dilne 4 Jgur

(imin) ey oo (V5) 5Ly ek s StalesT o los
52 0/288 1
4192 0273 2
4156 0/253 3

5 s (20 Gl o 00l lis 4 Jgax 0 a5 g les
Sy S ol e Sy Loy Gl slaple; o
5 Sai 5 ol gl (251550 pus s Skl 51 3k
ilise Gl ;35U Jobore (S pSUl olgS s

ey 29 o)L L jled S las aule ol
el 00 dlors Jlow gl s ol (69g0s D90

oy o by, Lo a8 aes e ol 10 S
o ooy g oad sloml JLad 51 Jlew abliseg 2SI

9 o lests 8 )93 1400 ,aT whal 3des 9 il waiie

5105 03 —acblie lae sl caga el ooy ooliciul
o a8 ol 00l oolai il bl pSUl oK
990 1500 T 599 Slass 9 ]M‘é_l;uc 0/75 wicjj—.i”
olaszr e g el (S S L2 Jlesl ol oo
00 (S o3lasl 1 me M Jawgs a5 Cl il ciKo aila
S g T Sl JUil gz (Sl i Sl 3500
Sles 5Slas b (6, Kag oiws 51l oads aizlu pualsy
Jhs 50 6 ywal 12 S 580 L > Jlee! cg lg 2500
plosl Cgz oo aislo Sligss 8 S ol oo ool
Opizrad (32 o i | dblineg mSU oy Cs
5 Jbw o (Sl ol Jlesl S LS 9 90 slaoliiins

ol 00 00)5]9 I o iRy xS T2 e

(<)

Fig. 8 Arrangement of an electromagnetic pump to move water and salt

Fig. 9 Electric current supply equipment to generate magnetic field and
current applied to the fluid
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Fig. 10 Fluid height column change with pump on by 1.5 cm and
equivalent to 150 Pascals
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Fig. 11 Comparison of fluid velocity in experimental test and
simulation with magnetic field change
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Fig. 12 Comparison of fluid movement velocity in experimental testing
and simulation by changing electrical flow to fluid
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