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We present both theoretical and simulation studies that clearly demonstrate the importance of several non-
classical phenomena that are fundamental features of fluid flow under extreme confinement. These are: (1) the 
prevalence of slip, (2) the strong coupling of molecular spin to linear translational momentum, and (3) the non-
locality of viscous transport at the nanoscale. In the first of these, we utilize a newly developed equilibrium based 
model1 to accurately predict the slip velocity and slip lengths of systems such as water or methane flowing in 
graphene nanochannels and carbon nanotubes2,3. We demonstrate that traditional nonequilibrium molecular 
dynamics simulations of such systems are far less efficient and accurate than the easily implemented model we 
propose. Next, we show that ignoring the coupling of spin angular momentum to linear translational motion of a 
highly confined fluid can lead to significant over-estimation of the predicted flow rates using conventional Navier-
Stokes treatments. By including spin-coupling into the extended Navier-Stokes equations, hydrodynamic prediction 
is seen to be very accurate down to length scales of a few atomic diameters4. We also demonstrate how this 
knowledge, coupled with our knowledge of slip, can be used to pump molecular fluids such as water via non-
intrusive application of a rotating electric field5,6. Finally, we show that a complete generalisation of Navier-Stokes 
hydrodynamics comes about in the realisation that at the nanoscale viscous transport is fundamentally non-local in 
nature. We explore this theme for homogeneous systems and discuss the ramifications and problems yet to 
overcome for nanofluidic applications.  
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