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Abstract Particulate transport in low-Reynolds-number fluids in confined environments play key roles in
applications related to biology, medicine, chemical engineering, and energy, to name a few. Recently, much attention
has been paid on particle dynamics in low-Reynolds-number fluids under spherical confinement, owing to its
importance in life processes in living cells and technologies related to microfluidic encapsulation and droplet-based
microreactors. To understand fundamental principles and microscopic mechanisms behind the particulate transport
processes, scholars and researchers around the world have undertaken extensive and comprehensive investigations
from theoretical, numerical, and experimental approaches. These efforts have led to the significant advancements in
our understanding of particle transport in confined low-Reynolds-number fluids. Despite these efforts, a review
article describing the current state of research progress in this area remains absent. In this article, we will summarize
relevant progress and achievements obtained by using-theoretical, numerical, and experimental methods. In
theoretical studies, scholars mainly investigated confined particle dynamics in the spherical cavity with no-slip and
slip conditions on particle and cavity boundaries, and particle motion ina spherical cavity with a deformable elastic
wall. In numerical studies, simulationsthave been conducted to investigate the behavior of particles with different
shapes in both stationary and rotating spherical cavities. In experimental endeavors, researchers have employed
advanced optical microscopy techniques to trace and analyze three-dimensional trajectories of colloidal particles
within spherical water globules, and the particle’s diffusional behaviors were quantitatively analyzed. Besides, the
Brownian motion and diffusivities of particles in a spherical cavity have been used to probe the confined
environment’s properties. By reviewing the above work related to particulate transport in low-Reynolds-number
fluids under spherical confinement-from three different aspects, namely theoretical models, numerical simulations,
and experimental investigations, this work could provide a reference for experts and scholars working in areas such

as microfluidics, nanofluidics, and particulate transport.
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12 5T RE AN A A REEF DIA G, TEAL AR
B LRE, RURL BRI B0 AT A MVRHIE 22 520 Uk
R VERE LU Wi 43 857, R0 1) 52 B4 12 % i
FAAET bR N b, B, oS ) iz T
PR MG RORL,  FL P ORORL - BE T L UKL - J0RE 2 [R]

il

5l

IR VA B i b TR s A LA A TRE R A
TN, EREREAT, ORI HRE T
T AR A T BURL AR 12 30 5 R AR, Hdokan
KA EEAE Y. FEA A, SR R



(¥ 7K Sl 70 AR ELAE F R a2 s Ay i P e 28 Ok B ™
-4 28 A& N T AT AN 21 N
JE 5O MASR . I AYdEEAR B YIS
YO EVFE TS T AR IR A3 (], B
TURLTE SRR P SPAT R 107, @i A
(RIEal ™, IR, BRI (B SR 4232 R 23 ]
P IR Vi B A R BB R IZ SRS T2 O,
EAEE AL A A AT S R R AR (R A
AR BT A K AR K Sy R
WA R, EATR R IRY O L sh s RER2
R IRRE B RS RS BRI
K, ORI BRI BT DNAL EE .
SRR 3T B AR I DL K 5 A i3 2 A P s
Q. R T2 b e S5 AR i 3 11 YRR A S L 5
TV IS 490 ) 52 R A 38 e JDRE 7 WA 7 R
IR 2 [ B,

X T A R BRI rh TR AN A Bz, ROk
Z RIS TURIN SO AR, SRIRHT TR,

20 6 S 50 A 2 L PR A0 s R R 4 A G

Batchelor it {4 /7 2% 22 3k 1535 9% [F &1 4 K% Raymond
E. Goldstein #4% AU @IZH (i F RS LARMEEAL, 2K
SE B T RN AT L A A P SR Bk R, SRS
T 45 5 AR A A 4 R — B SEIE ik Ok 2
David Weitz #4% (111 B\ F J7 8 s R, i 7T
TR T SIE WS IBENLUIZ S, R T 41
PR EERIIBE AL 2 1535 (3t 2R P R s i 4
&, T AR AN A B i Bl L R4 R R
SR HOR NP B A s Rz AR
FARS [ S2 56 7 ik, a0 Bkl 7B e . 2RIt
W e IO E TR, W AR AR
STHIY B WERRIL, KA R SRt E A
i Bt R EUE T FKIE R 2 —1

K AUt P R AT 704 2 BRARCER 1 Bt 4 o
SO SIS B RFIE S5 HLFE. Goldstein 8032 1) U R 2 ¢
21 B 5 A A S SR AL, I SR Stokes i3
F BREORE S T RRZH, % I TS 200 i B ) 4 B U
)2 AR HE A TR A LA B A1 S SR S5 1 W 4 i 7
R 2 P R A 1) AT AR P — 4 R AR 4 A
JRABAY, LR LN R i sh 2 5 R P BURL AR S,
H X UKL JR 45 Ak B 5 R A B 43 244 SR Y,

N T 5 I AT A 52 BT B TR A R R i
IR ST 2R, AATTHs 4 52 BR 2 18] () b N ER T i
1, IRE T A B ZANBURLIE BRI A 1 BRI 52 1)
s . A ORI FR IS B | RO AR U A S
SWF A =71, BRI e 56 T BRI K 7R T 5
Tk R R s BRI TR, DU SR

B 5 BRE SR 0 R E R S %
1 B9

BT A TR SCR R SLI AR ) 55
R, CARN K N EABRTERRL . 22 A BRI J0RL
AN, BB BR I PG o A A R s B 1
W7 TH R
1.1 BABREEN

FAANERTEJIURLIX — A R ELAR A R 5, (HE A
W FLURL S BT s, A DG 745 L0t JE BRI J0kL
NEZFR N GAGEEE SR, HIL&EE
G ER i Y AR TR (38 AT T IR A A
1927 4, « Hi #2258 Carl Wilhelm Oseen fiiAfr i
ST IR BRI P I RO A BRI SR 2
) B K AR oA B, 19700 4F , BEEAG BOK 2 2 B
O’Neill FIAIEE KRR N H RS2 Majumdar B 7 %5 18
B PN BN BR T 0L (1S3, 3 oA T L DATE 2 A
W) (B 1), R4S T BRTERORLF 8l R 2y b
FIT 2 73 R0 295 1 ik 2%,

1 BRI A BRIE BRI LT R, a @ BURLE AR, bR BRI
1, u NBURCFENEREE, QAR AR, y ANz AL bR fi e

Fig.1 Geometrical configuration of the spherical particle in a
spherical cavity, a is particle radius, b is cavity radius, u is particle’s
translational velocity, Q is particle’s rotational velocity, and y/z is

coordinate axist®!
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Fig.9 (a) Spatial distribution of drift velocity of a spherical particle in a
symmetry plane of the spherical cavity shows diagonal symmetry; (b)
Normalized drift velocity of the particle as a function of particle
location under different confinement levels, drift velocity increases
(decreases) as y/R. increases near cavity center (wall), and drift velocity
at a certain position increases as confinement level increases®™
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Fig.10 (a) Trajectories of particles under centrifugal forces in the
rotating flow in the cavity, and particle released from any position will
eventually moves into the same orhit; (b) Trajectories of particles under
centripetal forces in the rotating flow in the cavity, and particle released
at any position will eventually arrives at the same stagnation point
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Fig.11 A snapshot of the simulation system for a model
biological cell, red particles represent the cell.wall, and blue particles

represent biomolecules™”
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Fig.12 Distribution of the orientational order parameter of cylindrical
particles in the spherical cavity under different particle volume
fractions, and particle orientation moves from a random state to an

ordered state as volume fraction increases™”
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(a) Transmitted light optical microscope image of a water globule

(dark circle) containing a spherical particle (white)
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Fig« 14 Observed positions of two particles by reflected dark-field
microscopy, as shown by red and blue dots, and these positions were

used to compute Debye screening length for electric double layer
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Fig. 15 Probability density function as a function of radial position for
Brownian diffusion of a colloidal probe (CPr) near the lipid membrane
of a 1,2-Dioleoyl-sn-glycero-3-phosphocholine vesicle, red line denotes
the free particle, vertical green line (Ves) is average radius of vesicles;

the inset shows mean square displacement as a function of time, BPa

denotes particle diffusion in bulk, SW is the fitting curve based on

short-time linear diffusion(®®
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