
 
Thermal Marangoni effects, thermodiffusion, and thermo-osmosis in slit pores 

 

B. Hafskjold1, D. Bedeaux1, S. Kjelstrup1, Ø. Wilhelmsen1, E. Ditaranto1  
 

1PoreLab, Department of Chemistry, Norwegian University of Science and Technology – NTNU, Trondheim, Norway 

bjorn.hafskjold@ntnu.no, dick.bedeaux@ntnu.no, signe.kjelstrup@ntnu.no, oivind.wilhelmsen@ntnu.no, ekditara@stud.ntnu.no 

 

Abstract 

 

I will present some recent results from molecular dynamics simulations of thermodiffusion and thermos-osmosis in porous media, 

including results for the thermal Marangoni effect, also called thermo-capillary convection. When a temperature gradient is 

applied to a fluid mixture in a porous medium, thermo-capillary convection, thermodiffusion, and thermos-osmosis may occur 

simultaneously. We investigate how the processes couple and why thermo-capillary convection must be considered in 

measurements of Soret effects in porous media. 

 

The flux equations for a binary fluid mixture in a porous medium may be expressed as[ 
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where 𝐽𝑞
′   is the measurable heat flux and 𝐽𝑉  and 𝐽𝐷  are the 

volume flux and diffusion flux, respectively, defined as  

       𝐽𝑉 = 𝐽1𝑉1 + 𝐽2𝑉2 (2a) 
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were 𝐽𝑖  is the mass flux, 𝑉𝑖  the partial molar volume, and 𝑥𝑖 

the mole fraction of component 𝑖, respectively. Furthermore, the 

𝐿-coefficients are the Onsager coefficients, 𝑃 is pressure, 𝑇 is 

temperature, and 𝜇1,𝑐  is the compositional contribution to the 

chemical potential from component 1. 

 

Two examples of the system layout for a one-component fluid of 

Lennard-Jones/spline particles is shown in Figure 1 (top). Non-

equilibrium molecular dynamics (NEMD) simulations were done 

with the LAMMPS software. Temperature gradients were 

established by heating the parts of the “hot fluid” and cooling parts 

of the “cold fluid”. The particle momenta of the left and right 

boundaries of the MD box were set to zero in order to ensure zero net mass fluxes in x-direction. The temperature gradients were 

the only external forces on the system. 

 

Result for the case shown in Figure 1 include the velocity profiles in the bottom panel of the figure. The wide pore has a distinct 

flow pattern with creep flow along the walls in the direction of high temperature. A consequence of the zero net mass flow is 

that the fluid is forced in the opposite direction in the center of the pore. The four pores show the same feature, but the narrower 

channels restrict fluid back-flow. The consequence is that pressure builds up in the hot bulk regions, which is the thermo-osmotic 

effect. 
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Figure 1. Top: Side view of two slit pore configurations used in this 
work, one wide pore (left) and four narrow pores (right). The blue 
regions are pore walls of Lennard-Jones/spline particles in a solid 
state. The red regions contain the same type of particles in a one-
component liquid state. A temperature gradient is set up in the fluid 
between the hot and cold bulk compartments. Middle: Convective 
flow fields in the pores as illustrated by the velocity vectors. The 
velocity is towards the hot bulk along the walls and in the opposite 
direction in the pore centers. Bottom: x-components of the fluid 
velocity in the left pores as function of z. 
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