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Kinetic Theory of Gases

11.4.4. Internal friction (viscosily) is associated with the occur-
rence of friction forces between two layers of the §as or liquid
which flow parallel to each other at different specds. The cause
of internal friction, or viscosity, is the transport of momentum
by the molecules from one layer to the other. Newton’s equation
for viscosity in the one-dimensional problem, when v = v(z), is

dz

where dF = force of internal friction acting on an area
dS of the surface of the layer

g’-’- = velocity gradient of the motion of the layers
£
in direction x which is perpendicular to the

surface of the layer

n = coefficient of internal friction (or of viscosity)
or, for short, the viscosity, whichis numerically
e?ual to the friction force between two layers
of unit area at a unit velocity gradient.

According to elementary kinetic theory
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where @ = average velocity of thermal motion of the molecules

% = mean free path
p = density of the gas.

In more precise theory, the multiplier %is replaced by a

factor ¢ which depends upon the nature of the interaction be-
tween the molecules. In collision of molecules regarded as smooth
hard spheres, ¢ = 0.499. In more precise models of the forces
of interaction, ¢ becomes an increasing function of the temi-

docs not_depend upon p. The viscosity of gases Increases with

temperature in proportion to |/ 7+
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stationary unlimited fluid, and the fluid is cquivalenl to the
problem of the interaction between a moliunllcss body and a

steady stream of fluid, flowing around the body, whose velocily
vy at a point far upstream of the body equals —u.

19.6.2, The Navier-Stokes equation (see 19.3.2) for steady flow
of a fluid in the absence of mass forces is of the form
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(vg)v = — -; grad p + v Av (-B- - —;1) grad div v

Il the flow of a stream of incompressible fluid (div v = 0)

around the body l(torrcsponds to low values of the Reynolds
v

number | Re = -~ < 1|, where [ is the characteristic dimen-
v

sion of Lhe body, so that the inertial term (vy)v < vA v, the
equation can be written in the following approximate form

nAv—grad p=0 or Acurl v=0

19.6.3. The force of resistance ¥ of a fluid, actine on a sphere
moving slowly 1n 1S tokes™ lagy;

where R = radins of the body (sphere)
u = velocily of the body
7 = dynamic viscosity of the fluid.

This law is valid for cases in which Re < 1, (Re - .".EP_,
M
where p is the density of the fluid|.
The terminal velocity n of a solid falling in a viscous fluid by
the action of the gravity force is equal, within the limits of
application of Stokes’ law, to
_ 2R%(e" — o)
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== densily of the sphere

where o’
g == free fall acceleration.
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