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Fig. 1. Simulation system: (a) The left and right reservoirs
are connected by a slit channel composed of two graphene
sheets (upper and lower), with the channel extending along
the z-axis. A carbon atom (marked by a green sphere) at
the channel entrance is selected as the driving atom of the
valve less nano pump, which performs simple harmonic os-
cillation along the zaxis perpendicular to the graphene
plane. A graphene baffle (marked in red) is modified at a
position 3.57 nm away from the left entrance (along the -
axis) and in the middle of the y-direction inside the chan-
nel, with a size of 2 nmx0.3 nm (lengthxheight). The baffle
is parallel to the y-z plane and perpendicular to the a-y
plane. The edge carbon atoms of the upper graphene sheet,
the lower graphene sheet (dark blue), and the graphene
sheets (green) on both sides used to separate the reservoirs
are all frozen. The translucent area represents water mo-
lecules. (b) Schematic diagram of the graphene sheet after
modifying the rectangle graphene baffle. (¢) Schematic dia-
gram of the graphene sheet after modifying the cylindrical
graphene balffle.
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Fig. 2. Comparison of water flow rates in smooth channel
without baffles (Smooth, blue bars), nanochannel with em-
bedded rectangular baffles (Rect-Baffled, red bars) and
nanochannel with embedded cylindrical spoilers (Cyl-
Balffled, green bars) under different excitation vibration fre-

quencies.
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Fig. 3. Velocity vector distributions in two-dimensional nanochannels with Rect-Baffled and Smooth structures at different frequen-

cies: (al)—(fl) The velocity vector distributions of the Rect-Baffled channel, where the bold red line indicates the position of the

baffle; (a2)—(f2) the velocity vector distributions of the Smooth channel without a baffle.
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Fig. 4. Velocity vector distribution in the two-dimensional nanochannel with Cyl-Baffled structure at different frequencies. The bold
red lines indicate the positions of hollow cylindrical spoilers.
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Fig. 5. Variations of mean absolute vorticity with excita-
tion frequency in the upstream (corresponding) and down-
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gion; (b) the downstream region.

S SA 5 iR i ) KN A A B R RS
M. X Rect-Baffled #iE 1M 5 , V-4 %} 8 &
PR IR SR S NS I8N, 8 2000 GHz X
P, 5 Smooth I8 18 -4 248 X iim H WAL XT 1
B R AN — B T HL & AR P ARG 7 X 35 Rect-
Baffled i & - Y47 4 X} 4 &8 #R 2L /NT Smooth i 18
X DX 355 ) S5 e Yol i, 190 BH 3R S o AP AR g
A7 35 55 F9 AR A 7% W DX 38 A S 34 4 X T
T AR I A T 25 5 TE J5m B ) Je) A B
). X—EmEIR S W EE 3 R /)
Smooth i1 A FH AN 2 JE Sk e L EE T, 5] A
FEICAR AR 5, A e R s e W Sk s 55, 7K 43+
T2 MU P AR NS4 T I B T RS 1Y) 2 ] 3.

L R TR AR S 7 ST A AR K
AR, #F Rect-Baffled 3 P iR J5 77 X381 °F- 15
266 X 9 5 S 1 B L Smooth 38 38 X N7 X ) B K
ZENZIE 5 A5, LR A =2 AR A B
o LRI ) s IR S A A R 2 Y
M R X

PAB il 4 2l B Sk vl | 3 4% 1) S5 R K1) 43 X
B (A& 6 HAREIITR). SRR A S0
Bede A vt 1129 8.60 nm, FHZIE R 408 6 X
], EAN X A EE 2 1.43 nm. GEiH5 214650 X 4
KA 8RE, 455 WA 6 P,

f\r L LT O R LT PRI LI

SR r%:' F R SR s

L (g e KT T T
15 s B
R

;umsn*.m:'éldgx‘yjf :
B R I

10

(Ex)/(ksT)

—a— 1250 GHz —e— 1428 GHz

—A— 1667 GHz —¥— 2000 GHz

—— 3333 GHz —<— 4000 GHz

) ! | | ) )

1 2 3 4 5 6
Region

Kl 6 Rect-Baffled 8 18 H HE 85 4 )1 i BE B3 r 19 X BN
KOy TR B E. I SR T 5IRSh AL B A A R Y S
A X3 (Ar = 1.43 nm)

Fig. 6. Average kinetic energy of water molecules in regions
at a distance r from the vibrating atoms in the Rect-Baffled
channel. The inset shows six regions with varying distances

from the vibration position (Ar = 1.43 nm).

238 il % sh 48R KT 2000 GHz, 1 LLFE HY,
Th IR s IR -3 48 X 3k K 431 ) SF- 24 sh e BH 5
Ttz X e, WA D2 O 5 2 00 shRess

190901-6


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 19 (2026)

190901

EAR I B, BMELERUIR ST (X5 1),
IKGTF-BIREATI Rl A0 3 2 IR 1 v o e

HE— 2] WL, SRR S-Sl RE R 2 (]
I ARFRIEAAAE B 25 5% 78 1250—1667 GHz il
W, SR BIRET TR FA O Ab B s, e X 3
BRI 3K 3] SRy A8 iR KT, B ) B U T RRAIG. L
1, 1667 GHz B 45 IX 33 s pe iR 5 my, Hy
FEREURAR T V-22, IR T ¥R shim A RE AN
I RENS A RO A 2 3Z Bk 7+, i FLRERS 5 78
M) L, X SR T Baffled 188 B
AR ARK LR —3 M2 T, 78 3333 Fl
4000 GHz M40 F, RAE SRR 30 U5 X 311~ F- 14 3
e, (EOM L7 31 Ui A% T2 a5 s | e HoAE
4000 GHz s, SF-34 30 B 32 224 v 78 S IR sh UR 1)
HIPRA DX 8K, 1717 328 75 41 sh YR DX 35k 114 3 i B i P A1
UL, SRy A R I -4 Bl RE I AN LSRN 7 B 15 11
BEAREEROR; FERMARET, IR A B RE
255 AL, T8 B Z IR TE, e LLRRSE L A AL

(al) f=1250 GHz (b1)

(d1) f=12000 GHz (el)

Rect-Baffled

(a2) f=1250 GHz (b2)

Smooth

(d2) f=2000 GHz

Number density /nm~—2

f=1428 GHz (c1)

f=3333 GHz (f1)

f=1428 GHz (c2)

f=3333 GHz (£2)

3 563 7.125 10.688 14.250 17.813 21.375 24.938 28.500

Hiu[e) 3 R UL .
FER TR R T, T L, & e 5 Ak
TR B A AR AE N ARG, SR, AEARIL A
F, W R AR B TR Bl R ER U P
W, VA SAR A0 5 i ifs R (0 Jm A AN S 2P i
TERITE 152 Z A R 22 2L [F] 52 ), FR5T A BRpLIE 5
TETESSIA [N 3R, JR— T 2= 1T B 2 Ao R
ARSCHE— AT T 52 BROK 0 28 B o A S5 4544,
DA M 575 — 1A 488 7 0 8 8 4 0 i A 42 B AR 2
SEIRANE 7 FR. A SR AR EE N K T
ST HA B 1) 8] A A . K50 R S o e
K53 R 240/ A% BT GEi R FR L 45 T
KA TFIFEIECH , FRIGZT- 2500 LR A% BT
AR, XTG4 SR A T A B BV AT 3R A5 2 B o A
P&, B AT Ok S5 K 53 FE ARG N AN TRl o7 5 2R
EMTE L.
XG4 (Smooth) 1K &, il
) o T BE X (18] 7(a2)—

PSRBT
(£2)), K73 Hi ok

f=1667 GHz

f = 4000 GHz

f=1667 GHz

f=4000 GHz

B 7  AFESET Rect-Baffled i i A1 Smooth i i P i 7K 73T 505 )& o0 A

Fig. 7. Number density distributions of water molecules in the Rect-Baffled and Smooth channels at different frequencies.
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Vortex regulation and anomalous enhancement mechanism of
transport efficiency in two-dimensional valveless nanopumps’
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Abstract

Vortices are essential dynamic characteristics of fluid flow and play a dominant role in energy transfer,
material mixing and flow regulation. When fluids are confined to the nanoscale, the generation and regulation of
vortices behave distinctly differently compared with macroscopic fluid flows.

In this work, all-atom molecular dynamics simulations are adopted to systematically investigate water
transport in two-dimensional valveless nanopumps driven by mechanical vibration, with a focus on how vortex
regulation affects water transport efficiency. The simulation results show that introducing appropriately sized
flow-disturbing structures into the nanochannels reduces the effective transport cross-sectional area, yet
unexpectedly improves the water transport efficiency of valveless nanopumps. The water flow is approximately

4-10 times higher than that in smooth nanochannels without flow-disturbing structures. By analyzing

microscopic characteristics—including velocity field,

mean absolute vorticity, average kinetic energy Smooth

distribution, and number density distribution of water

molecules—the inherent correlation between the

evolution of vortex structures and fluid transport

efficiency is elucidated.

This study enriches the fundamental understanding

of nanoscale vortex regulation and fluid transport, and

Rect-Baffled
provides theoretical and technical guidance for the o

design, fabrication, and optimization of high-performance

two-dimensional nanofluidic devices.
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