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Fig. 1. The simulation system of water solution flow in the

X

forsterite nanopore.
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Fig. 2. The stress-strain curves of the Mg,SiO, crystal

stretching obtained using molecular dynamics simulation.
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Fig. 3. (a) Snapshots for the solvation shell with a radius of
0.4 nm in pure water and MgCl, solution, (b) the velocity
profiles in the +Z direction of water solution in the forsterite
nanopore with different MgCl, concentrations.
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Fig. 4. (a) The viscosity and hydrogen bond density of wa-
ter solution with different MgCl, concentrations; (b) the ra-
dial distribution function of O,-O,, near the wall of nano-

pores.
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Fig. 5. The radial distribution function of Mg-O,, near the

wall of nanopores.
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Fig. 6. The schematic of forsterite nanopores with various degrees of surface structure destruction.

054701-6


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

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 5 (2020) 054701

RO ¥ 3 THD 85 A8 P T % LB 7K %) i 3 N g B A
FHEF.

RS BE RO A 0 oK G AL Bt % TH0 45 HA BB DR X
IR WS T B2 ma L], A SCLMEEAS M2(3R T
WAL 17%) A M3(F mBIAFEE 33%) M
3%, THE T K WA 9K B M A LB N 25
FE p (5, G5 5Rn TR 8. mIEl 8 AT, R BERYE
A1 LIRS T AR IR AR B () B 1, RELARE 3 T B 0 7K
B FEHR 1A — G O, FLUMLRES 3K B Y Kk o
VRO B IR 3 AN BT ) 2 3 XS R, R LS
VRTS8 o 7T ' 2 TR O S A R ) 8 AT S

2.5

Dissolved surface

2.0

1.5

i 1.0 — M1
—e— M2

0.5 M3
—v— M4

—— M5

--y-- usin M4

0 ¥
V::" <= o-- usin M5
<&

—-0.5

-0.5-0.4-03-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5
y*

Bl 7 ST 32T 45 09 % IR R B T 4 oK R Mo L B Y

IK B+ Z 1) 38 53 A1

Fig. 7. The velocity profiles in the +Z direction of water

solution in forsterite nanopores with various degrees of sur-

face structure destruction.
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Fig. 8. The density profiles of water solution in forsterite
nanopores with various degrees of surface structure destruc-

tion.
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Abstract

The surface dissolution of rock nanopores, caused by the acidic environment, increases the salt
concentration of water solution flowing in the nanopores, thereby destroying the surface structure of the rock,
which can be found in CO, geological sequestration and crude oil and shale gas exploration. In this paper, the
molecular dynamics method is adopted to study the flow characteristics of water solution in the forsterite
(Mg,Si0,) slit nanopores, by which the effects of salt concentration and structure destruction of pore surface on
the velocity profiles of water solution confined in nanopores are systematically analyzed. The hydrogen bond
density, radial distribution function (RDF) and water density distribution are calculated to explain the changes
in viscosity, velocity profiles and interaction between water and nanopore surface. The results show that as the
salt concentration increases, the water solution flow in the rock nanopore obeys the Hagen-Poiseuille equation,
and the velocity profiles of water solution remain parabolic shape. However, the hydrogen bond network among
water molecules becomes denser with salt concentration increasing, which can account for the linear increase in
the viscosity of water solution. Besides, the higher salt concentration gives rise to the larger water flow
resistance from the pore surface. As a result, with the salt concentration increasing, the maximum of water
velocity decreases and the curvature radius of the parabolic velocity profile curve becomes bigger. Moreover, the
surface structure destruction in rock nanopores changes the roughness of surface in the flow channel, which
enhances the attraction of nanopore surface to HyO. As the structure destruction of nanopore surface
deteriorates, the water density near the rough surface moves upward, whereas the velocity of water near the
rough surface declines obviously. Interestingly, when the degree of surface structure destruction reaches 50%, a

significant negative boundary slipping near the rough surface appears.
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