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Chapter 6: Viscous Flow in Ducts

6.3 Turbulent Flow

Most flows in engineering are turbulent: flows over

vehicles (airplane, ship, train, car), internal flows (heating
and ventilation, turbo-machinery), and geophysical tlows

(atmosphere, ocean).

V(x, t) and p(X, t) are random functions of space and time,
but statistically stationary tlows such as steady and forced
or dominant frequency unsteady flows display coherent
features and are amendable to statistical analysis, i.e. time
and place (conditional) averaging. RMS and other low-
order statistical quantities can be modeled and used in
conjunction with the averaged equations for solving
practical engineering problems.

Turbulent motions range in size from the width in the
flow o6 to much smaller scales, which become
progressively smaller as the Re = Uo/v increases.
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Fig. 1.2 Plapur images of concentration m a turbulent jet: (a) Re = 3000 amd
i(b) Re = 20000 From Dahm and Dimotakis {199 |
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Physical description:

(1) Randomness and fluctuations:

Turbulence is irregular, chaotic, and unpredictable.
However, for statistically stationary flows, such as steady
flows, can be analyzed using Reynolds decomposition.
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= mean motion
= superimposed random fluctuation
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" = Reynolds stresses; RMS = VU~
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Triple decomposition is used for forced or dominant
frequency tlows

u=u+u"+u’
Where u" = organized oscillation

(2) Nonlinearity
Reynolds stresses and 3D vortex stretching are direct

result of nonlinear nature of turbulence. In fact, Reynolds
stresses arise from nonlinear convection term after



