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Fig. 1. (a) Monolayer black phosphorus models, chiral angle 6 is the intersection angle between water flow direction adjacent the

top plate and the ripple direction of BP monolayer; (b) poiseuille flow model of water molecules in black phosphorus nanochannels.
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Table 1.  Parameter values of L-J potential function.

Atoms e /kcal-mol ™ o/A
P-P 0.36760 3.43800
0-0 0.16275 3.16435
P-O 0.24460 3.30120

3 BMMERTIN G oM

3.1 IRzh X EBELNKIEE N KD FRIA
REBEBHNRI

FKHUWE 1(b) iR 1 Poiseuille i 2GR AL
TE TR B R OO0y 2 SRR B 1 P-4 [R)
R BRETATRCE, HPBEE N 6 nm, HIZKIEE
() 56 BE U B A 6 nm, Xt SR 4N K S 38 PN K 4
o 7RISR (g, = 1.0 x 102, 1.5 x 102,
2.0 x 10'2 m/s2), 5T YRS A1 7 ) SR B 4 oK 2
7K 3F Poiseuille Ji Jit (A RE: 152 0. K B 4A
KAIE N 7K F I T 2 ST, WK IE 1 T
J7 a4 2 0.3 nm 119 15 BE X 9K SR T DY 7K 53
BT 2, iS5y 8 12 TR R R N K AT
AT, A3 IR 2 FR BIAE A [ SR Sh 7k 1y
VERIT 1) SRR A KE I8 N 7K S F- I S 43R 1, DA
FIrP T LA ZERRIIR SIS T, SRek g K il
PN R 7K -1 4 K 3 B B 7 ) #0530 (AR — Uk i
284340, W /2 Poiseuille Yt Y 3 B 43 A0 1% O, 1 H.
TES FAL BRI R LS. A BFIERI] 2829,
FEE AN 7 26T 1 4= 157 AR Poiseuille 3t [0 B Hr
A LATEZE L N-S RESEAtl T2 iR vk A B
2, HEATHEIAR Poiseuille I P AL 1A 3 B 3 A o) J51.
BT Sk B0 Xof R T 3 R = B 2 i T
{825 JE SN AR v iy SR B it S AR TF40LA it
LA IR BN, 1 HAS SCH S AE TR 5T 2R
A1) SR RS2, SR FTBOE LMl A A T Ak
B iz A Origin BT & v i ith 42 i A7 AR e 40
B AbHE, AR B2 IO TR F I shid B 547
B AR Z A B R i AR, A A
KT (BAMNZAKTF) L EAARRA T B R

TR TR E B, —RhIR S8 I xR AT B i i
Rl V. 20 1M 6.933, 9.956 F1 13.491 m/s,
M 55 UL, BEAE XS4 T He i, PREESAKE E A i 5t
AbTK G35 A% R E L B 0, DT X PR 4 K 3
TE ARG T SRR A S

70
60:
50:
40:

30

Velocity /m-s~!

20 —&— 1.0x10" m/s?
—— 1.5X10” m/s?

10 - —&— 2.0x10"% m/s?

0 . . . . . . .
-3 —2 -1 0 1 2 3
Z/nm

P2 BB A S 0O K 43 T 1y B 43 A1
Fig. 2. The velocity distribution of water molecules when
the chiral angle of the model is 0°.
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Fig. 3. Number density distribution of water molecules
along the channel width in the black phosphorus nanochan-

nels.
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Table 2. Statistical table of water molecule bound-

ary slip velocity Vg corresponding to different accel-

erations in different chiral conditions.
Angle/(%)
0 37.4 66.6 90
1.0 x 10'2 6.3305 5.7990 4.7818  3.5462
1.5 x 10" 8.9847 8.7979 6.8867  5.8156
2.0 x 102 13.4912 129694  10.6995  7.5839
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Fig. 4. Velocity distribution diagram and potential energy cloud diagram: (a) The velocity distribution of water molecules when the
chiral angle of the model is 37.4°% (b) the velocity distribution of water molecules when the chiral angle of the model is 66.6°%;

(c) the velocity distribution of water molecules when the chiral angle of the model is 90°; (d) potential energy cloud diagram when

the chiral angle of the model is 90°.
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Table 3.

coefficient p of simulation systems with different

Distribution of water molecular viscosity

chirality under different acceleration conditions.

Angle/(°)
gf/nl'sil
0 37.4 66.6 90
1.0 x 10'2 0.1182 0.1209 0.1116 0.1212
1.5 x 10'2 0.1193 0.1173 0.1123 0.1168
2.0 x 102 0.1171 0.1203 0.1201 0.1183
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Fig. 5. Variance distribution of water molecular viscosity

coefficient of a simulation system with different chirality
under different acceleration conditions.
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Fig. 6. Velocity distribution of water molecules along the
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width of different nanochannel widths.
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Fig. 7. Velocity distributions corresponding to different lay-

er models.
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Abstract

With the rapid development of low-dimensional materials, the opportunity that promotes the development
of micro/nano fluid devices, a new low-dimensional material black phosphorus (BP) has attracted wide
attention due to its excellent properties, and has been applied to many areas. In this paper, the influences of
driving force, water-BP anisotropy, channels’ width and the number of black phosphorus layers on the flow
characteristics of water molecules in the nanochannels are studied by molecular dynamics based on the
Poiseuille flow model. The results show that the boundary slip velocity increases with the driving force
increasing. The anisotropy will also affect the flow characteristics of water molecules in the nanochannel under
the pressure driving the Poiseuille flow. Specifically, the boundary slip velocity decreases with the chirality
angle increasing, and the viscosity coefficient of water molecules is still not affected by the anisotropy. The
natural rippled structure of the BP surface leads to the coarse potential surface, and further results in the
anisotropic boundary slip and interfacial friction between water and BP sheets. With the driving acceleration
kept constant, the influences of the width of nanochannels and the number of black phosphorus layers on the
boundary slip velocity and viscosity coefficient of water molecules are investigated. The results indicate that the
slip velocity of water molecules in the nanochannels decreases with the width of the nanochannels increasing.
The velocity profile of water molecules in the bilayer model is slightly different from that in the monolayer
model. With the number of BP layers increasing, the energy of BP-water solid-liquid interface increases while
the anisotropic interfacial property remains unchanged. The results will provide a theoretical basis for the study
of the characteristics of the fluid flowing in the black phosphorus nanochannels and the design of micro/nano

fluid devices based on black phosphorus materials.
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