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Fig. 1. (a) Sketch of a ring containing chiral active particles
moving in a two-dimensional periodic channel. Periodic
boundary conditions are imposed in the z-direction, and
hard wall boundaries with temperature difference are im-
posed in the y-direction. The temperature is set to Tp at
y=0 and Tp + 07 at y = Ly . The temperature gradient
in the y-direction is described by Eq. (1). (b) Sketch of the
drift directions for counterclockwise (CCW) particles. The

particles on average move to the right for ¢; > t2 and the
left for 1 < tao.
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Fig. 2. Average velocity V. as a function of the angular velocity |£2|: (a) For different particle number of chiral active particles n
at R=3.0 and AT =5.0; (b) for different values of the ring radius R at n =1 and AT = 5.0; (c) for different values of the
ring radius R at n =4 and AT = 5.0; (d) for different values of temperature difference AT at n =4 and R = 6.0. The other

parameters are vg = 2.0 and Tp = 0.001.
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Fig. 3. Average velocity V. vs. the temperature Ty of the
lower wall: (a) For different particle number of chiral act-
ive particles n at R =3.0; (b) for different values of the
ring radius R at n = 1; (c¢) for different values of the ring

radius R at m = 4. The other parameters are vg = 2.0,
AT =10.0 and 2 =0.01.

ki iz Zh Ll e

030501-5

FHREDL, BT DAl D 23 L I KT vo Fl 2, Hi T
ARSI B n] A2, Vel T&. NI iR (i

To i B R L Ve iR B KA.

P4 25 0 T FEAS W) A6 PR T En AN TR

RIEFFAE R, [BIPREE Ve Bl 22 AT B2 L.

0.4

0.3
=~ 0.2
—&— R=0.5
0.1 e R—15
—4— R=3.0
—~v- R=6.0
0 . . . . .
0 10 20 30 40 50 60
AT
0.5
(c)
0.4+
0.3
N
0.2
- R—=05
0.1r - R=15
¥ R=6.0
0 L L L . )
0 10 20 30 40 50 60
AT
B 4 SPYEEE V. BEIREE 2 AT AL (a) TEATRFAE

WEHR AT, R=3.0; (b) EAREFYEZERT, n=1;
C)EARAFBFFEZERT, n=4. HMSH N vo =20,
To = 0.001 % £ =0.01

Fig. 4. Average velocity V. vs. temperature difference AT':
(a) For different values of chiral active particle number n
at R =3.0; (b) for different values of the ring radius R at
n = 1; (c) for different values of the ring radius R at n = 4.
The other parameters are vo=2.0, 7Tp=0.001 and
2 =0.01.
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Fig. 5. Average velocity V. vs. the ring radius R for different angular velocity 2: (a) n=1; (b) n =4. The other parameters

are vg = 2.0, Top = 0.001 and AT = 20.0.
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Fig. 6. Average velocity V¢ vs. the ring radius R for different temperature Ty of the lower wall: (a) n = 1; (b) n = 4. The other

parameters are vg = 2.0, 2 =0.01 and AT = 20.0.
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Fig. 7. Average velocity V¢ vs. the ring radius R for different temperature difference AT: (a) n =1; (b) n = 4. The other para-

meters are vg = 2.0, Tg = 0.001 and 2 = 0.01.
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Fig. 8. Average velocity V. vs. the ring radius R for different self-propelled velocity vo: (a) n =1; (b) n =4. The other parame-

ters are Tp = 0.001, 2 = 0.01 and AT = 20.0.
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Fig. 9. Average velocity V. vs. the ring radius R for diffe-
rent particle number of chiral active particles n. The other
parameters are 7o = 0.001, 2 = 0.01 and AT = 20.0.

11 25 T AER R RIREAR RN, SF 3 s
Vo Bl T AE 35 PR T H n AR Ak 24 B IR AR
(R=3.0) i, VoBRFEU0E Z M. L,
IR ] AR AR, B B A B A 1 AR o
ML, PR RO Z 0], KT R A AR GO
IR B A /F R, BV [ 2 74 Tl i VK 50
2, 7 BEHL, P35 T [BIR 0 2 152 gy, il
I R 1432 shH B, R Ve BECRLF 5000 38 22 10N
MRAFFLREK (R =5.3%7.0) K, Vo ki 4
B R AL, Ve SERE n G RTRTRE DK, 4k T ik )
SORAE, PR n BRI . AT AR - 2hE
THUE A, BT[] A AR A SE T R R i
3, B LSRN B0 2 0, BIA R ER BEE K; Y
LA €58 A1 N AR R 1K 1 M (YA E Bl A1 BN 0S|

030501-8


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. 72, No. 3 (2023) 030501

YRG5, MRS T B . kAT i
AR, B F IR FBOCTEZ 3l PR 5] 4
FE Ve — 0. FEHh, SRERIRK (R="7.0) B,
L (A AR P H R R AR /N B 555, Jr A [
W BRI E B BRI b, FRATIE R,
n=10F, BIXRPEREBR, Vo, Tiin > 16},

(b)
0.6

0.4

0.2

SO
[SR=R R

A

Vo

0.8 (c)

0.6

0.2

et
fvii=vi=viiay)
poro
coun

0.1 i
Vo

B 10 FREE Ve B E WKShE B vo 9B (a) TEAIE
FIEWEHR FH 2T, R=3.0; (b) EARBERFEZERTF,
n=1; ) EAFBEFFERT, n=4. HibSHH
AT =10.0, Tp = 0.001 % £2 = 0.01

Fig. 10. The average velocity V. as a function of the self-
propelled velocity vo: (a) For different particle number of
chiral active particles n at R =3.0; (b) for different va-
lues of the ring radius R at n = 1; (c¢) for different values

of the ring radius R at n = 4. The other parameters are
AT =10.0, Tp = 0.001 and 2 = 0.01.
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Fig. 11. Average velocity V. vs. particle number of chiral
active particles n for different ring radius R. The other
parameters are Tp = 0.001, 2 = 0.01 and AT =10.0.
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Transport of closed ring containing chiral active particles
under transversal temperature difference’
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Abstract

Active matter is a new and challenging field of physics. Chiral active particle experiences a constant torque
and performs circular motion due to the self-propulsion force not aligning with the propulsion direction.
Recently, most of studies of the active particle systems focused on constant temperature, but did not take into
consideration the constraints by the barriers. In our work, the rectification of a ring containing chiral active
particles with transversal temperature difference is numerically investigated in a two-dimensional periodic
channel. It is found that the ring powered by chiral active particles can be rectified by the transversal
temperature difference and the direction of the transport is determined by the chirality of active particles. The
average velocity is a peaked function of angular velocity, the temperature of the lower wall or temperature
difference. The transport behaviors of the ring containing one chiral active particle is qualitatively different
from those of the ring containing several particles. Especially, the ring radius can strongly affect the transport
behaviors. For the ring containing one chiral active particle, the interaction between the particle and the ring
facilitates the rectification of the ring when the circular trajectory radius of the chiral particle is large. The
average velocity decreases with the increase of the ring radius because the propelling force to the ring by the
particle is small. When the circular trajectory radius is small, the interaction between the particle and the ring
suppresses the transport. The speed increases as the ring radius increases because the directional transport
comes from the difference in temperature between the upper wall and the lower wall. For the ring containing
several particles, the interaction between particles reduces the rectification of the ring. The average velocity
increases with the increase of the ring radius due to the interaction between particles decreasing. Remarkably,
the velocity of the ring decreases as the particle number increases when the ring radius is small, but is a peaked
function when the ring radius is not small. Our results offer new possibilities for manipulating an active particle
flow on a microscale, and can be applied practically to propelling carriers and motors by a bath of bacteria or
artificial microswimmers, such as hybrid micro-device engineering, drug delivery, micro-fluidics, and lab-on-chip
technology.
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