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To design and test proposed large-
scale equipment, such as airfoils or
entire aircraft, it is often much more

practical to experiment with scaled-down
versions. If such tests are to be success-
ful, however, dynamic similitude must
exist between model and field equipment,
which, in turn, implies that geometric, in-
ertial, and kinematic similitude must ex-
ist.

The Navier-Stokes equations (Eqs. 9
and 10 in the main text) are a good start-
ing point for deriving the relationships
needed to establish dynamic similitude.
First, we look at the case of laminar flow.
Ignoring body force and pressure effects,
we examine the momentum conservation
relationship for steady, laminar, incom-
pressible, two-dimensional flow, equating
just the advection and diffusion terms in
the x-direction:
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where the highlighted variables are di-
mensionless. This portion of the momen-
tum equation can thus be uniquely char-
acterized by the ratio of the coefficients
multiplying the dimensionless advection
and diffusion terms. The ratio, called the
Reynolds number
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can be thought of as a comparative mea-
sure of inertial and viscous (diffusive) ef-
fects within the flow field. To achieve dy-
namic similitude in two different laminar-
flow situations, the Reynolds numbers for
both must be identical.

What happens if we increase the flow
speed to the point that viscous dissipa-
tion can no longer stabilize the flow, and
the macroscopic balance between mean-
flow inertia and viscous effects breaks
down? At this point there is a transition
from purely laminar flow to turbulence.
In similar flows, the transition occurs at
a specific Reynolds number characteris-
tic of the flow geometry. For instance,
any fluid traveling inside a circular pipe—
regardless of the specific fluid or conduit
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