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Non-equilibrium molecular dynamics (NEMD) simulations of pressure-driven flow is reported for liquid  
n-alkanes. We present two conjugate methods for generating a pressure gradient in MD flow simulations by 
using the thermodynamic force (Norton ensemble) or the thermodynamic flux (Thévenin ensemble) as the 
independent state variable. We obtain the steady state transport coefficients, pressure, temperature, density, and 
velocity distributions in addition to a discussion on the restrictions of the method. 
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1. Introduction 

The classical framework of hydrodynamic lubrication 
breaks down when the gap between the two contacting 
surfaces becomes small and the fluid confined. 
Numerical solutions for the Reynolds equation typically 
encode fixed form (often Newtonian) constitutive laws 
that are only approximate and do not apply under these 
conditions. Incorporating microscopic effects into the 
continuum model is therefore essential for obtaining 
reliable numerical solutions for highly loaded contacts 
operating in the boundary lubrication regime. NEMD 
simulations provide valuable insight into nanoscale fluid 
dynamics. A common practice is to apply periodic 
boundary conditions in the streamwise direction; 
however, difficulties arise when introducing pressure 
gradients for pressure-driven flows. 

2. Methods 

To generate a pressure gradient in the MD domain, a 
‘pump’ subdomain is attached at the box inlet where a 
uniform field is applied to the fluid molecules.  

2.1. Constant force Norton ensemble 
The applied force 𝑓𝑝𝑢𝑚𝑝 preserves the linear momentum, 
 𝑓𝑝𝑢𝑚𝑝 = 𝑓𝑤 + 𝑓𝑝 + [∫ 𝜌𝑣𝑥2𝑑𝐴]𝑜𝑢𝑡 − [∫ 𝜌𝑣𝑥2𝑑𝐴]𝑖𝑛. (1) 

 

It comprises a pressure difference force 𝑓𝑝 and wall/fluid 
friction 𝑓𝑤. At the outlet of the pump region, the pressure 
of the fluid drops in the flow direction. The method was 
implemented on monoatomic Lennard-Jones fluid by Zhi 
Liang et al. [1]. Here, we test it for molecular systems. 

2.2. Constant current Thévenin ensemble 

In the conjugate ensemble, a uniform center of mass 
velocity is applied in the flow direction, 𝑢𝐶𝑂𝑀,𝑥 to 
molecules in the pump region. Particle current 𝑞𝑝𝑢𝑚𝑝 is 
expressed as  
 

               𝑞𝑝𝑢𝑚𝑝 = 𝑁𝑃𝐷𝑢𝐶𝑂𝑀,𝑥/𝐿𝑃𝐷                      (2) 
 

where 𝑁𝑃𝐷 and 𝐿𝑃𝐷  are the particle count and length of 

the pressure driven region, respectively. The ensemble is 
an implementation of Gauss’s principle of least 
constraint. Steven et al. [2] used a variant of the method 
to control the hydrodynamic current for membrane 

geometry. A stabilization time is needed to reach the 

desired pressure difference and steady state. In 
simulations which combine pressure-driven and Couette 
flows, the system was sheared by sliding the upper wall 
at a constant velocity at constant temperature. 

Figure 1: The pump method. 

3. Results 

The method was tested on simple fluids and n-alkanes. A 
direct influence of the microscopic interactions on the 
macroscopic flow quantities is illustrated. The quantities 
are temporally averaged in spatial bins after the system 
reached a steady state. The fluid virial pressure and the 
stress at the walls show a drop along the flow direction. 

4. Discussion 

The pump method shall allow the simulation of pressure-
driven flows in MD for molecular systems. The method 
is validated for periodic configurations of slab geometry 
and could also be applied to variable-cross-sectional-area 
nanochannels. 
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