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Microscale engine driven by Marangoni convection for medical applications
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Some medical and biological applications have been expecting small scale
robots migrating under water to move to their targets. This study proposes a novel microscale
swimming device powered by Marangoni flow. The engine is composed of 3 thin disks of 3 mm in
diameter with a hole bonded together. The middle disk has a larger hole than the outer disks® hole
and a thin gap between the outer disks holds air bubbles to cover the hole edge with gas-liquid
interface. Nonuniform surface tension on the interface due to temperature or contaminant difference
pulls the liquid through the hole. The device is driven in the opposite direction by the reaction
force of the liquid flow. In the experiment, the device hanged with a thin wire was immersed in a
pure water pool with PIV particles. Surface tension gradient was realized with contaminant
difference by injecting acetic acid solution toward one side of the hole. The device successfully
produced jet through the hole to propel the device.



¥ X C—19, F-19—1, 7Z—19, CK—19 (i)

1. WFZEBsE S0 5

VTAE DOFSAIIN LA O3 BIE, B
Do TH/NI 2 OTEREI IS T
B0, BEXH 7L NHEL - Drug Delivery
System-[EFEH 2Ry FOREIZTE R E LT,
W e HEERRE N R R S LTV DL L,
% < OHEMEFERE 1T A D N & (i #H B % BRE)
FEELTBVEENICL > THEST S
O, KL A VAR ORFRIRFMEL D,
FEHEVE - B/ NGRAR TR TRk & 2R BREN ) % FF
TRV, 72, WEEZ R oAy MIEN
TOWBESER~DEE L WS HEE N
LTW5.

2 TARMIZE T, B eBRERE & LT
~Z =R timERA L. v T I =R iR
LlE, REESTDORE IHPEECREITIKTT
THZLICLY, JERAm LB W TERmIE
FIDOFINEIE A B ER W EBNIC AL L X
N3BRTHD. ~7 2 A=%RICEET D0
FIFINETHEZATORTWVDD, Tz
R Z KB+ 288 /7 & LI
Holz. REIRITDO AR —MEIZ L - TEY
RELT, KETEL av /) vfteE]by
FHZERTELR, KPP THKET2HD1F
FELRW. £~ T I=5iE -8
BIZIE, AT — BRI 5T, Bk 70 fEis
DORAE B GIXEMS ) - IR TR
EEEL, RERBENhEEDL LT
HH0ETEINT.

2. OB

AWFRRE CTIL, AFZETIIAKRFPTH~ T
VA= AR LR O KB TikEh TS
ZLEBRTEDIWNT NNA R (T A=z
Ur) EEFEL, RN TOKREFRELE LT
DO~Z A= OFIEEFEIET H &
PHME L. v T ryd=x P UTRER
mo(&K0E) A= UNEICERL, =Y
VA OWREEARIIG L CHIEBSDS L
NTE 5. BAREICIE, B TH 2 v
TRIAE N TX D8 7o 2 28 L, BRE
B35 (BEEh D OFHH - B O 217

o7z,

3. WD IE
4 Air bubble
r#
s
787
Ring-shaped air bubble

K1 ~vJryId=xr P OlEE

Gas-liquid interface

Thin gap 1 mml

2 w5 a2z VDT
@)z, (b)kHh

R LT rd=xc P O L
HEEZX 1IR3 d. 2o P00, 74
N VTTT o Bl EAOCTEELZ 3 mm
B iR R EL AR SU-8 3050 HY) %
3 KA AoEDZ L THREN TV, £
FIAE O LT R BV TE Y, Sl 2 B
Mg lBAFTOMBOREZIIZENEN 1.0
mm, 2.5 mm Tohd. /MIOHELEAT
OO RENERDL -0, =V NENIC
IEEOWBREINEEL TS, ko — %
ATz o ¥ 2RI B KN TAVER % 4
ZETZ UV UNEOREIZY v Z7ROK
WERZIALZ LN TES.

ZHB L OKFTOT LYo E B b iRE
LE=BEEZX 2 1IR7. 2 D) &M%t
B 5L, GOKFIZBITFLZ P DRO
WAENZIEE S 45-90 1 m ORIRI D HERR
TE, TV UVARICRIEE R L TV D8k
TN TE B,

N [Suckeania | N BT
«E' S0 conanin

~

e id JSS/ | =

4| Marangoni convection ‘
‘ Pure water K \ Acetic acid ‘

‘ Low concentration ‘ ‘ ‘

B3 BEERILO BN

~ T rd=x U OWENL, Bl & K
OREENZICERTS. K3lorsnhd &
1z, HEfE(RME S 27.7 mN/m) & #ik (E i
S 72.8 mN/mE T P mEcETb e
RIERE EOBREARICELY ~T > T =%t
WBNEL, =2V URIH ORI A I,
REBBELTHRIF~NEEHINTEEOKH)
A= RN G e s

FEAEEOME AN 4 1R, ERIEE LT
TUNKKE YRS - PEEK F 2 —
7 (N£ 0.2 mm) « i H O CMOS 1 A Z T
RSN TS, AHFETIE, ~T7 2 T=%F
ARG T A= H1 PIV 3o 27 A%
BELZ., 77 VKO —1(10 mm x



Tube fittings Tight fixing

Wire
PEEK tube

o Particles
el I
0) |o e
;

‘ Acetic aud Pure water

Swimming engine

. o
Acrylic tank @
o

Long pass filter

Mlm’f (,ylmdncal lensh Syringe pump

X 4 SEERAEE OB

CMOS camera

10 mm x 70 mm)PNIEHiK &t ek - Chifk
15 pm, #JE 1.1 g/lem3, #HGEHEa2—F
¥ BTSN TEh, A7 L ARERRE

0.3 mm)THAINTFT LU RNIEATNS,

SR & LT 200 mW @ DPSS L — (i
£ 532nm)Z W TC, KR ECL—Y——
MAZEHTAEDDOY L R L X
RS ARELE LC, KA T bt ki1
ERO L. EBRfzo oY o NOKE A E
WCIREAR 252 5720, HilgLfikz U
VUKL PEEK Fa—T74&2@EL T
OV O BRR S~ T TR L7z
Y-8 ot VA ol Fe B I 7R | e g W i s
CUEY DWRNDER TR T NAT 4
2 (FE R 560 nm) & 45 L7~ CMOS
B AT (fi#EE 512 pixel x 512 pixel, #rii#
FE 250 fps) THeae L 7=,

X5 ~vora=xr Y B#)

M5lcvTrad=x U nEE LTV SR
FHERT. TOERTIIAT VL AR E K
CEEE T~y = Pr A HHICE
Sz, REBRRIOAE—IZLoT=r v
ﬂ%ﬁbf7§/ﬁ%ﬂMﬁ%$LTV5
I ENER SN, v T A =R OKENT
ofﬁ/&%fﬁ#m®u%#%%ﬁbf
WAHZ PRI NTZ., ~TFvrd=xo v
OEREN TV 72 &b, A ZEIEDHRE
DLELOTHDHZ ENREINT-.

WIZAT VL AR EKFEICEET S22 LT
~TJ AoV EEMNRNESICL, =
Frodox P rntEein g 4 5 %E

Vertical position, y [mm]

. —1.0 0.0 . 2.0
Horizontal position, z [mm)]

M6 ~v7 = ) DFENR

B AiT o7, X6 X PIVAITIZ L - Tk
WMHOKRTTHDH. BpOH ETOF 2—7
ME 70 wt% DO, £ EFDOF 2 —T7hb
WikAZZFNFNHHE 100 pL/min T5 Bt
U7z, EMRILEERS & MK OIS 25k L
BB ST~ T v I =i D3 A A

Mo 2. ABZOEBTHY, fw,ﬁi:/
CroFLE TR LTS, KRRE EoEE
ALV ~T v I=RWHEL, 73
STV VOREBVRKTDE I T =y
MROWBENDRAEFILTWND Z ENDnb. ¥
= v MHLER OV T KAE 22. 2 mm/s TH
o7, £, Yy b EoNIERESEO
ﬁﬁ%&ﬁ Y E I, ERExeTmE

W AR S B o 7z

n
8
(a)nojet _ _ _
_ (b) upward jet

(d) downward jet

150 |

Horizontal thrust force, F,. [nN]

1
1 i
1 B 1
100 | 1 I pim | 1
IS}
I \ & '
50 | 1 1 'EI {
1 1 El 1
1 1 o 1
0 v/ Ia AT e e e
1 1. L 1 1
0 1 2 3 4 5 6 7
Time, ¢ [s]

X7 H oAk

ST, W HF Lt 2 R IR O EE)
FREXT b biEB R Z H W TS
WCHR L, BUNTCTEREHT o TE R
W I radoz oI REELE. K
T IXRHE SN OB E RS, v T
VI RAEND BT B OME  LIC 5B
FEEE OBRENRF 2 HERFCE D 2 &R0 o



2. Y= v bOFRANKETRWEAIZITHE
HoOBFEHNZLMEE KL 2O TORMIC
BB EHBRMENIFHMMTE 20N, v T
T=RAEERITIE 270 oN BREOH DA E D
ZEMWTE

5. TR IE
(WFZERFRAE . WFFEr A M ONEEERTFE# (1
=Y

CGEaEamsc) GBH 11k

1. Tange, M., Takizawa, S., Nagira, Y.,
Yoshida, T., Microscale engine swimming
underwater powered by Marangoni
convection, Journal of Thermal Science and
Technology; Vol. 11; No. 3; Paper
No. 16-00389, 2016. (& HA)

DOI: 10.1299/jtst. 2016jtst0046

(FamE] (BF2140)
1. Yoshida, T., Sasaki, R., Nagira, Y.,

Tange, M., Microscale swimming engine
powered by Marangoni convection, The first
Pacific Rim Thermal Engineering

Conference; PRTEC-14911; 2016.

2. Takizawa, S., Tange, M., Experimental
investigation of necessary conditions of
Marangoni convection in a microscale
swimming engine, the Ninth JSME-KSME
Thermal and Fluids Engineering Conference,
TFEC9-1105, 2017.

6. HFITHELAE

() gz

FFF % (TANGE, Manabu)

S LR - L - R
BFFEE &5 70549584



