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TABLE 3.4

Navier-Stokes Equation for an Incompressible Fluid

Rectangular coordinates

x direction
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A subtle and perhaps confusing argument will
now be given! &
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We conclude that \, does not change in x.
We conclude that%i; does not change with y
>

Hence, the only way for these terms to be always
equal is if they are equal to a constant.
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How does gravity cause fluid flow?
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The mechanism of exercise-induced
asthmais . ..
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Figure 1. Airway diameters (mm) drawn against airway genera-
tions. (Adapted with permission from Ref. 6.)



MECHANISMS OF REMODELLING

perhaps best illustrated by irritant-induced asthma. Certain
characteristic changes, such as growth of ASM, seem likely to
contribute to airways hyperresponsiveness (AHR), but the
consequences of other changes, such as subepithelial fibrosis,

are not so intuitively obvious. EVeR e Ak berween growEh of

e of the major challenges facing the field is to devise
at link structure and function directly. For

strategies

Airway smooth
muscle (remodeling)
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Suppose we want to consider the flow Iin
a trachea.

The geometry is a cylinder.

We need the Navier-Stokes equations in
cylindrical coordinates.

TABLE 3.1
The Conservation of Mass (Continuity Equation)

Rectangular coordinates (x, v, 2 ap ( v, apv, g )
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Cylindrical coordinates
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USING MATREMATIC A,
ThHE AVELAGE VErLOOTY /S
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Find the average velocity

4 - Integrate[vzeer, {r, R, R-h}, Assumptions -+ {h>0, h<R}]/
/ Integrate[r, {r, R, R-h}, Assumptions » {h> 0, h <R}]
/ gZD(-%h(h—ZR) (3h2-5hR+2R2) + (h-R)‘Log[l-g])
Out{9]=
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Suppose that we have a circular pipe
oriented,vertically. <~
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Boundary conditions:

Fluid sticks to solid surfaces

. Fluid sticks to another immiscible fluid

. The shear stress is EQDM across the
luid-fluid interface

W N
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4. For liquid flowing next to quiescent air, the
stress can be considered approximately O.
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