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Flow Visualization of Magnetic Particles under the external magnetic field in
bubbly flow using Single Plane Ilumination Microscopy - MicroPIV

Changje Lee’, Gyeong-rae Cho™ and Sangyoup Lee’

Abstract This study measured the velocity of magnetic particles inside the power generation using
external heat sources. Single Plane Illumination Microscopy (SPIM) was used to measure magnetic
particles that are simultaneously affected by bubbly flow and magnetic field. It has the advantage of
reducing errors due to particle superposition by illuminating the thin light sheet. The hydraulic
diameter of the power generation is 3mm. Its surface is covered with a coil with a diameter of 0.3
mm. The average diameter of a magnetic particle is 200nm. The excitation and emission wavelengths
are 530 and 650nm, respectively. In order to find out the flow characteristics, a total of four velocity
fields were calculated in wide and narrow gap air bubbles, between the wall and the air bubble and
just below the air bubble. Magnetic particles showed up to 8.59% velocity reduction in the wide gap
between air bubbles due to external magnetic field.
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2.1 Light sheet illumination
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Fig. 1. Schematic of the light sheet, viewed from
top and side

2.2 Particle detection Setup

Fig. 2% SPIM-pPIV A49] 7)eF=olt). Fig 3
= A A A3 G| o]t Detection objective
+ Illumination objective lens¢} &G HA| 5~2] W&k
o2 Q|3 AT). Detection objective lens 2]oll=
Prism} mirror<- 2313} cubemirror”} $1%]3l 1Tk
Detection objective lens %ol 905 W27} 914]3]
2Jal, Tube lens, collimation lens$}, Imaging lensE
TAA R Fele] HFEA R TR 5o
2} Notch filterS AXx|5}e] ¥} F7|Hk20 Q
gk o] A Akt v kel A whAbE o3 FelS
AABIATE. Adjust mirrorE- A X|3o] F9lo] CCD
2 GgstA 501& F I S8lth =F ARt
/\/\1 nsz & EHJ‘ ﬂ}/\}thqo] z}o. 47;”; Quantum
Efficiency(QE)#t¢] 352 7HI2}?] Electron Multiplying
CCD(EM-CCD, Hamamatsu, 512x512, QE=99%,
Japan)& ARE-SISATE dlo| A9} FhH|e} 578}
X+ Digital delay pulse generator(Model 505, 8
channel, BNC Nucleonics Corp., USA)©|t}. o]H]%]
WA AREE =732 HCImage(Hamamatsu,
Japan)©|t}. EM-CCD 7}H|2}= double shutter”} -
7Fsab7] Wil Zhelet AE7F A2 e wet
glo]A] 127} ZARATE #loA] Al IFAL 33ps
otk

Nozzle

F=150, D=25.4
Slits
Laser line generaing EM-CCD Camera
Lens (30°) u 512 x 512 pixels
F=250mm,D=50.8

F=100, D=25.4
Laser \ ‘ /

2.54mn .254mm
r-zs 4 F15 F300 F30
D2s D127 D25 D25

Plano convex lens \ Mirror
Achromat lens [ 10x Objective lens

[]Prism + Mirror

/[]Z

Fig. 2. Schematic of the SPIM-uPIV setup
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Fig. 5. Cross-section of the solenoid nozzle and
Magnetic field

3. 49 Zn

Fig. 6 H& f-50lA 5745 Alo] 7HA0] 4
FA(wide)S I3k Jdoltt. Tt MEl7}
A A= Bk o)A 1,27F A E R Gl A
P2 2708 = AS & 5 ATk A
HHo| A 200um D7 Lo A RE] SAER7HA]
1200um o] Ak 342 1000 x 1000pm’ ]t} H
B 5 545 delslr] sl 371 s 1H4o)
LS H(wide), T2 H(between), HHI} 7] W&
Alo(side), &7] e HEZ W(bottom) = 43-2] &
L& AT Fig 72 ZF 371 91x]ol & Al
A d9S vl ol

rlo

o83 BT freolk ol AP e e AHUA 7Sk 39

Fig. 6. Raw image with magnetic field, wide gap
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