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Because the acrodynamic characteristics of aircraft in the transonic
regime are so sensitive to viscous effects, the sclection of the turbulence model
for a transonic prediction method is no less important than the selection of the
numerical algorithm, Yet, the usual practice in transonic airfoil, Reynolds-
Averaged, Navier-Stokes codes has been to employ “equilibrium” algebraic tur-
bulence models.  Satisfactory results are obtained with these turbulence models
for weak interaction cases (i.e., cases where the upper surface shock wave is too
weak to have a major effect on the turbulent boundary layer). Such is not the
situation for cases where the shock wave is sufficiently strong to cause
separation. The danger in using these "equilibrium" turbulence models for
airfoil design is that they can result in unduely optimistic projections of aircraft
performance at off-design conditions.

Significant improvements in predictive accuracies for off-design con-
ditions are achievable through better turbulence modeling; and, without neces-
sarily adding any significant complication to the numerics. One well established
fact about turbulence is it is slow to respond to changes in the mean strain field.
With the "equilibrium" algebraic turbulence models no attempt is made to model
this characteristic and as a consequence these turbulence models exaggerate the
turbulent boundary layer's ability to produce turbulent Reynolds shear stresses
in regions of adverse pressure gradient. As a consequence, too little momentum
loss within the boundary layer is predicted in the region of the shock wave and
along the aft part of the airfoil where the surface pressure undergoes further
increases.

Recently, a "nonequilibrium” algebraic turbulence model was formulated
which attempts to capture this important characteristic of turbulence. This
"nonequilibrium” algebraic model employs an ordinary differential ~equation to
mode! the slow response of the turbulence to changes in local flow conditions. In
its originial form, there was some question as to whether this "nonequilibrium”
model performed as well as the "equilibrium” models for weak interaction cases.
However, this turbulence model has since been further improved wherein it now
appears that this turbulence model performs at least as well as the "equilibrium”
models for weak interaction cases and for strong interaction cases represents a
very significant improvement.

The performance of this turbulence model relative to popular
"equilibrium™ models is illustrated for three airfoil test cases of the 1987 AIAA
Viscous Transonic Airfoil Workshop, Reno, Nevada. A form of this
"nonequilibrium" turbulence model is currently being applied to wing flows for
which similar improvements in predictive accuray are being realized.
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