




Using the differential cube formalism and 
constructing the inflow and outflow terms as CQ/
volume * volumetric flow we then shrink the cube 
to 0 and obtain the following (completely general) 
intermediate result:









The uncertainty in the exact wind speed, 
barometric pressure, humidity at every location 
anywhere close to the storm, combined with the 
limit on “resolution”, the spatial grid scale for the 
numerical solution and that the fluid flow 
equations are nonlinear — meaning that a small 
change or error could have either a small or 
incommensurately large effect, leads to the 
uncertainty in the path shown here.

Still this level of forecast is much better than 
guess basing in past hurricane paths!





Task today

Continue the derivation to include forces

1.  Body forces (e.g., Gravity)
2. Surface forces (pressure, shear stresses that 
arise because of the fluid viscosity)

Complication of surface forces is that we will not 
only have two kinds of forces (pressure, viscous), 
but that we need to always consider separately 
the normal and tangential components of the 
forces ---

This leads to 3 by 3 array of force components
" Stress Tensor"



Forces:

1) Body Forces.  E.g., Gravity

2) Surface forces... Pressure and shear stress.







A vector is a 1st order tensor
A scalar is a zero order tensor

























These equations can be used to solve almost any 
fluid flow problem if the fluid is Newtonian.

Our challenge is to learn to use them!



Bottom plate is fixed.  Top moves with velocity U.

Let’s start with simplest problem










