Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

GOSN BT P B SRR B ST % L AR
XN EFE BRI EEAR
Experiments and analytical solutions of light driven flow in nanofluid droplets

Liuzhe WangLei-Lei  ShiPeng-Peng Cui Hai-Hang

5|5 &, Citation: Acta Physica Sinica, 69, 064701 (2020) DOI: 10.7498/aps.69.20191508
TEZE 2 View online: https:/doi.org/10.7498/aps.69.20191508
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

TR K E 7k TR I8 SRR Y R
Influence of viscosity and surface tension of fluid on the motion of bubbles

PB4, 2017, 66(23): 234702 hitps://doi.org/10.7498/aps.66.234702

Ty TR A R K

Phase structure and surface tension in quark meson model

PIFEAEAR. 2019, 68(18): 181101 https://doi.org/10.7498/aps.68.20190798

T M XS - TRF H A AORE IR B AL P 2
Effect of surfactants on adsorption behavior of nanoparicles at gas—liquid surface

WIHEAEAR. 2020, 69(2): 026801  https://doi.org/10.7498/aps.69.20190756

ZRFORIR AT SR ORI R S AR B 5
Effect of aggregation morphology of nanoparticles on thermal conductivity of nanofluid

WIFEAEAR. 2019, 68(5): 054401  https://doi.org/10.7498/aps.68.20181740

KT AR &) R G Ry TR 249 5 5l F 4 5 B 24 S AR 1) 2 3-A
On the derivation of local mean pressure tensor for nonuniform systems and the analysis of uniform fluid

YIFIE4. 2019, 68(15): 156801  https://doi.org/10.7498/aps.68.20182189


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191508
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.234702
https://doi.org/10.7498/aps.68.20190798
https://doi.org/10.7498/aps.69.20190756
https://doi.org/10.7498/aps.68.20181740
https://doi.org/10.7498/aps.68.20182189

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 6 (2020) 064701

oy K AT 4 O S BR B R0 B EL R AT R

MED EEED RMMIN R A
1) (PULARHE R S TR, P9% 710055)
2) (PHLETRHE R PR AR 5 TR, % 710055)
3) (PGSR K2 1B R SE B, P44 710055)
4) (PLEFPHERE AR TR, P 710055)
(2019 4E 10 F 6 HUL#F; 2019 4F 12 A 16 HUEEMH)

E G o M A TR A 0T o AR E A 8 D' e IO R F AR ORISR, 1T LAJE OGRSl 9 K It A%, S B OL RE Y
R S8R AR SO X DI B 29 K AL AR T B A DA T e S 36 IR R B 23 M BIF S, ok S RO UK AN K Sl RS 1 9 4
9 B Al E e A R T PR 0 B R X B R AR O 300 nm B FegO, FURL 7E AN 7] 56 I AT T 52
Marangoni &% IV 75 132 S 2EAT 1 9256 0, A 520 BE 1) 2 BE A 5 AR 5% AL BIL AR S92 SRR T, 0k 2 R
Tl SR BE I, ) i S T [ A X PR AL 1T, A TR I R UL ph DU L 1) Az B, T U] O g Y
JEliz 2y, 6 P A F0ORL KO8 B2 R X — i R S IR BES B G5 e 3 20 Al 1 58 AN OGEK Sl T UL KL
W RHIER 2 mm /s I CIRGN K A, T8 Stokes 5 R AN I 3K ) 0 3 AR AR S BT A 43 A 14 A
MroRAf , BRI AT U 3 73 A1 ffp A i 5 S5 6 D00 235 SR PR 45— B0, RS B BLE 0 A 10 A AL R, THE T 5]
AT 3K 15 75 B R 51 AR T i g B AR v 56 B TGRS 0 B9 A ) 3K sl 6 2 2 [ B9 AR S X — At
TR g SCII 1 28 58 U S AT S RS W 8 2 RO RE A e 28R AL S R 11 1 G SO

KR : YUK, R RN E, Marangoni 200, FRIETK T, SCHRHT /)
PACS: 47.10.ad, 47.15.G, 47.20.Dr DOI: 10.7498/aps.69.20191508

UF G PE RE A AN R IOREL , 1) P AN AR SORE X G

|

5 s SR A T4

I, O AR DB IR AR R, RSB RS L

Yot H EZ M REBRIE Nz —, JEREM ECH
—HRBI TR ZRIE. TERE TR B LRE
AR TR S P 0 A B i i e, R
IPOLRE EE A BT, JCE SOV, A TR
P GRS, AR O ARORIKBITRIA, 4 BEWL
SR 03 Al 1. A5 QR IORL N AR A5 75 21 1Y
PEURR SE B TR PR N “GR TR P, T8k
REA RAFpSIAPERE, CROCE TR feth
ARAER . B E, ACPRAER AR IARA B

*BRPEAE H AR BRI ] (HEHES: 2018TM1029) B B UL

t iBIE1E#E . E-mail: shipengpeng@xjtu.edu.cn
T iBfE1E#E. E-mail: cuihaihang@xauat.edu.cn
©2020 HEHEFS Chinese Physical Society

F R CIX S S PEAE WA P A AR SORE, ARG 47
FERIZSINRE, e BRI G R A U R o
P ) S QU SCHE IR . H AT, AHOCHSR 2 LASE S
R, FEEAR AR VAT OGRS 90 K ORL Y A &L
YER, DL T A A [z g X, ansr-a) 1o
Jiede 1 FE 3R B 45 Ibele 45 O I A & W 73 A 1Y
4N (320380 nm, 2.5 W /cm?) R3S (L AR i
L MELBNORTE B K BRI S, WU
A3k 100 pm/s. ZJ5, Xuan 55 U F| 2] 21

http://wulixb.iphy.ac.cn

064701-1


http://doi.org/10.7498/aps.69.20191508
mailto:shipengpeng@xjtu.edu.cn
mailto:shipengpeng@xjtu.edu.cn
mailto:cuihaihang@xauat.edu.cn
mailto:cuihaihang@xauat.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 6 (2020) 064701

A (808 nm, 70.3 W/cm?) BR B — MR Au
I FL B ARG R TR WL F R AR 25 8 Tk
FIEERETE 47.5 pm/s. 1AM, Mou 45 19 FIH TiO,-Pt
A Janus Fokr, 76 EA A 954G (368 nm,
1 W/em?) BT, BREh R kA T — s R B
%, WL 21 ym/s. Bricard 45 1 i) F B L
SR FP B URL, RS E TR BER LS, DHoEid
XTI IR I S R AT TSR, LR R S
95 BEUE B T 65 0 22 1) 2 4716 S DL 1) AR B A
FH, {ECEERIFFE X SEIR SHLER Y B AR — 2K

WA 1 i R ) Y B Sh 9 K O 32 3, 5 K
BN i) Z YIRS AR, R ) R 43 BT 4T
FETEARZ RIME, Rl Rl A7 SR iz 31 K i
P HTAL Y. ST b, A ORI A m Wl 5L 45
FIRE 1) FesOy GKIIURL, WFFE T AR50 Mt R
AN BB 32 3 S s AR R i . 46 2 94
BTSRRI AR S MR AL E R 5 3
A3HT TSI £ 1 1 S BORLE B4 T R B
i B i TR 2 R b R R A B
55 4TI AT 51 AR K A6 BN R PR RS B
TOCBREN A K PR Stokes i B IN G A4 BEIE E AR
FFENTR A, XTSRS (R o0 A A i 5 S50
WS SRIEAT T HA, UESE T 5 i B /e 1A 3L
V. feJa, TG ER Sl AR Il R = A
TAE AR BRI T TIHE, THE TASCE A /Y
PRSI (1) 315 HITE.

2.1 ZhKEARL

AR ELAT = R LS5 R R E 1 40K TR
FI R E BEIR T sh. B 1(a) A SCHT Y
Fe;0, MOkL (FRMANFH A BRA R, HF ) ERE
#J 300 nm, KiAR A5 EERAT . RIS, UL
BRARZERG AR FERILERE, UL FesOy W%, SiO, 5]
HALBITE Fe,O, WURLAME, B 1k Fe0, £k, Jf-AE
AR I RORE I AT SR, DR R SR B0, AT
PEm T EE . KB 1(b) N FesOy PR 7EA
)i K6 RO . 78R K X 8 (2141 BB
SRR DLGIX IR B B eI lice 0y, e 5
BIMX I SRR Ty e, BEAE DGR B, JORE X
DGR 1 BE 7 WA T .

1.4

1.2

1.0

0.8

0.6

WZYGRE /arb. units

0.4

0'2 1 1 1 1
300 400 500 600 700 800

1 /nm

B 1 FeOf 49K UK i i 7 BB B S (a)
UV-Vis IO (b)

Fig. 1. Scanning electron microscopy image (a) and UV-Vis
absorption spectrum (b) of Fe;O4 nanoparticle.
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Fig. 2. (a) Schematic diagram of experimental system for light driven flow in droplet; (b) flow in a thin layer of droplet; (c) light in-

tensity with Gaussian distribution in horizontal section.
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Fig. 3. The spatial distribution of Fe;O, particles driven by
different light sources: (a) Bright field; (b) UV irradiation, 3 s;
(c) UV irradiation, 6 s; (d) blue irradiation, 3 s; (e) blue ir-
radiation, 6 s; (f) green irradiation, 3 s; (g) green irradi-

ation, 6 s.
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Fig. 4. The velocity field of Fe;O, particles driven by differ-
ent light sources: (a) UV irradiation, 3's; (b) blue irradi-
ation, 3 s; (c) green irradiation, 3 s.
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Fig. 5. Maximum velocity of Fe;O, particles under differ-

ent light source and concentration.
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Fig. 7. (a) A comparison between theoretical and experi-
mental velocities of FezO, particles; (b) velocity distribu-

tion and streamline corresponding to theoretical model.
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face pressure.
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Abstract

Adding nanoparticles with high light response characteristics to a light-transmitting fluid medium can form
a light-driven nanofluid and achieve efficient use of light energy. This paper conducts the experimental
observation and theoretical analysis of the light driven nanofluid flow behavior, which is the theoretical basis for
achieving the precise control of optical drive nanofluid. To realize the efficient conversion of light energy into
kinetic energy, here, the motion of Fe;O, particles with a diameter of 300 nm in droplets induced by the
Marangoni effect is studied under different light sources by using the particle image velocimetry (PIV). The
experimental results show that when the number density of particles is higher than the critical value, the
vertical vortices with symmetrical structure can be induced. At the bottom of the droplet, the particles move
from the periphery to the center of droplet, and at the top of the droplet, the particles move from the center to
the periphery of droplet. In addition, the frequency of light source and the number density of particles are the
dominant factors in this process. Subsequently, for the light driven nanofluid experiment in this paper, the
analytical solution of the flow field distribution is achieved by using the Stokes equation and the surface tension
gradient boundary condition. The analytical solution of the flow field distribution obtained here is consistent
with the experimental results, confirming the validity of the quantitative theory. Finally, the correlation
between various driving modes, including surface tension at the top surface, surface pressure at the bottom
surface or concentrated light radiation force in bulk phase, is discussed. This research provides theoretical
support for the precise regulation of flow behavior and efficient conversion of light energy in the optical

microfluidic system.
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