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A Numerical Study on the Internal Flow Characteristics and Pumping Performance of a
Piezoelectric-based Micropump with Electromagnetic Resistance
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In this study a numerical analysis has been conducted for the flow characteristics and pumping
performance of a piezoelectric-based micropump with electromagnetic resistance exerted on
electrically conductlng fluid. Here, electromagnetic resistance is alternately applied at the inlet and
outlet with alternately applied magnetic fields in association with the reciprocal membrane motion of
the piezoelectric-based micropump. A model of Prescribed Deformation is used for the description
of the membrane motion. The internal flow characteristics and pumping performance are
investigated with the variation of magnetic flux density, tube size, displacement of membrane and
the frequency of the membrane. It turns out that the current micropump has a wide range of
pumping flow rate compared with diffuser-nozzle based micropumps.
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B = Magnetic flux density [T ]

D =Diameter [ ]

F = Lorentz force { kg -m/s’]

J = Current density [ 4/ m?]

P = Pressure [ kg/ms*]

t =Time [s]

u = Velocity [m/s]

V = Voltage [V ]

p = Dynamic viscosity [kg/m-s ]
p = Density [ kg/m*]

o = Electrical conductivity [ S/m ]

¢ = Electric potential [V ]
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(a) Lorentz force exerted in the tube
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(b) current flow in a cross-section of a tube
Fig. 1 Schematic diagram for the Lorentz force and
induced current
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Fig. 2 Cross-sectional view of the piezoelectric

micropump with electromagnetic resistance

Fig. 3 Grid system for the piezoelectric micropump
(Case 3)
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Fig. 4 The magnetic fields applied at the inlet/outlet and
the displacement of the center of the membrane
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A7 E A (g = 200 ~ 600 ol WE wlola 2
Hxo ¥ 45< Fd3AEd Table 1 o 3]
Aske]l ZZ(case)Eo] AAEHo vl E=F case 3
= VIEL R 39 PE FHFFHF(f=5~65 Hz)
o W& FIHFY BIE dFFgen, dE9
PET Fd] AL Holo] WE P HRYFF
T2 Hxo 58 HIEA

tlo

Table 1 The calculation conditions

B (Tesla) D (mm) Voltage (V)
Case 1 0.1 3 400
Case2 02 3 400
Case 3 0.3 3 400
Case 4 0.4 3 400
Case 5 0.5 3 400
Case 6 0.3 1 400
Case 7 0.3 2 400
Case 8 0.3 4 400
Case 9 0.3 5 400
Case 10 0.3 3 200
Case 11 0.3 3 300
Case 12 0.3 3 500
Case 13 03 3 600

2 dFo| A" MHD vlo]a 2 H=e EA
A= Q%(gallium)?lt'ﬂ 35TCoA e EAE A
N1AEE & =3,880,000 S/m, WX p =35,904 kg/m3,
HE 4 =0.00189 kg/m-s ©)th.

2 d:quljﬂt Heke] MEPS HAELY] 9]3te
Timoshenko'® 2] o] &¢)| 3% ‘5}‘1’.*9] HEE Y
W= Prescribed Deformation 22 o] 831511,
AAZ two-way coupling & Al&3lE FSI 943
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vralo] oF 50 Hz ©]3te] AF) °§°ﬂ°ﬂ"1“ A9
2 gte] Wy g AFIdE RE A
5 AFH dgddMe FARFEl gAYgzz9)
AFe mAE ZFH7} AujEe gAgage] A
ol FAFEA ¥ one-way) 22 FFE WX
B 2 Prescribed Deformation 22 AF&-& 4 A
T}, Prescribed Deformation o} 4] A}&-€ TjA3 W
o o3& Btete] AFE& VElE Timoshenko ¢ 4
2 of#fe} Zo] vEd § Ytrh

ay(x,1)= Ao(r)[1 - [%)T ®

where Ao(t)=D0xsin[2x7r><tx%]

A @14 R € chamber © WX Bl Agh)
& AL %M‘?} el sine I FE|2 7]'7@%1
Jﬂq/‘ﬂ«] FAAMY AT wWE y W3} ¥
olm A& sine §59 & F7|E YHEY D,
= membrane & FHWHYZ oA AT 2T
A7 E = AL ¥ ~ 600 vyl wEk 225 ~
62.5 um & A A3

chamber €] vleHolX 2] (9)o] wWE Hiete
W7 A &5E olsted, g AFol
UDF(User-Defined Function) 2.2 T& % 1t}

lr;L

4. ¢X8iY Ha

BAFAE oFAINE 7]&-4 MHD ¥ X
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RE W o]3lo] 93t W Eo] AAE] Hxe
BEES "HoEdE dHo it gy B A
T A= Lorentz force & FA2] o] A o]&
84 @i fA ZES WAse AFSE o] &3}
o 7]& MHD ¥X9] @3& Mgl =g &
AT F3d BA FAY A7 AFE ol &
3 nlo]3 2 HIAAE 7|E9 valveless vlo]3
2 PEZQJ YUFA/=ES ol8F mlo|aZE HEZE
o Be H99 FERFE Holx g

Fig. 5 £ "lo]a 2 P2 FH 27]7e] ¢
718E W FR dHdA AFI FEHo 5=
© A& Yehz ok o8A f=E AFE ¢
Al A7 Zeste fEwEe] Riodgoe®
Z+-8-3l+= Lorentz force(Fig. 6) AAsHAl E o] vlol
AE gxzo dr d%g A . E dF94
E ZAFe A7)t 0.1, 02, 0.3, 0.4, 0.5 T(Tesla) <1
5 7}74 gl o3 x| 3t Fig. 7, Fig.

2 77t A7l d47 & FEA AVHEHUAS
“H(t = 0425 5) TAY EEFS UElE £ EX
o &x wE ol wato] Ao we P
Z Y7o e FAFAE 47 E7E 39
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Zate B¢ Bd FAV drERYEH % z2
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PBYE2E BoJoE F%E ¥9 #
%’Jrgi 7l %%é 9 FHeR 3
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Fig. 5 Current flows in the cross section at the inlet
(Case3:B=03T,y=12mm,t=04255)

1004

E

L,
x

Fig. 6 Lorentz force in the mid x-y plane normal to the
magnetic field applied at the inlet (Case 3: B = 0.3
T,t=0.425 )
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.XIEE &-F (et mass flow rate)o] F7FE-& W0l

I 3tk Fig. 9 ¢ Azt AgeolA Bl F 74
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o] Bu @iz Azl wE feAN dFE 84
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Fig. 7 Velocity contour in the micropump (Case 3: B =
03 7,t=0.425 s)
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Fig. 8 Velocity vectors in the micropump (Case 3: B=03
T,t=04255)
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Fig. 9 Mass flow rates at the inlet and outlet with
different magnetic flux densities
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Fig. 10 Net mass flow rates with different magnetic flux
densities
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Fig. 11 Net mass flow rates with different tube sizes
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Fig. 12 Net mass flow rates with different applied
voltages
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UehdlE s FAel Fig. 14 o AAE gk 5
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EREFE Vehda vk
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Fig. 13 Net mass flow rates with different frequencies of
a piezo disk
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Fig. 14 Static pressure head with net mass flow rates
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