3.2	Pressure Variation with Elevation

This section shows how equations for pressure variation are derived and applied. The results are used throughout fluid mechanics.



Hydrostatic Differential Equation


The hydrostatic differential equation is derived by applying force equilibrium to a static body of fluid. 

Instead of the approach the book uses to develop the hydrostatic equation, we will present an alternate derivation using an approach using the General Difference Formula.  This formula is frequently employed in other CHEN courses.

First, present the General Difference Equation (GDE):

Let px be a general property (could be p=pressure or T=temperature)… At a nearby point (separated from x by dx) we can express the property value as px+dx.

GDE:				Commit to memory

Application:  Suppose that we know the temperature at a point (x) to be 100 oF and that in the vicinity of this location, the local gradient of temperature in the x-direction is 2.5 oF/inch.  What temperature do we expect (or predict) at a location 0.1 inch away from x?

				or Tx+dx = 100 + 2.5(0.1) = 100.25 oF

Application:  Apply the GDE to the question of pressure variation in a fluid in the x-direction.
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Recalling that F = pA or p(dy)(dz)
A force balance in the x-direction provides: 



or	
Repeating in the y-direction, one obtains:  
Considering the z-direction, we now take into account the body-force of gravity.  This component is a negative term (acting downward) and has a value of mg/gc.

Repeating in the z-direction, one obtains:  
This is the differential form of the fundamental equation called the hydrostatic equation.
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