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and tail winds. They argued that these differences could be
explained by wing loading per aspect ratio and wing root
thickness. The series solution shows that the optimum glide
velocity in a head wind or tail wind depends only on the wind
velocity and the zero-wind optimum glide velocity. Therefore,
gliders with parabolic drag polars having identical zero-wind
optimum glide velocities will have identical optimum veloci-
ties in a head wind or tail wind, despite having different geo-
metric shapes and wing loading.

Conclusion
An alternative solution of the optimum gliding speed in a

steady head wind or tail wind has been found. This equation
solves the gliding velocity in terms of the zero-wind glide
velocity and the wind velocity, and it clearly shows that the
optimum glide velocity is solely determined by these two vari-
ables. The solution is valid for wind speeds up to the zero-
wind optimum glide velocity and requires no curve fitting or
coefficient calculations. The solution also demonstrates math-
ematically why a head wind will always require a greater
velocity correction than a tail wind for optimum gliding flight.
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Introduction

S OME recent papers1 ~3 have investigated the flowfield past
a blunt trailing-edge airfoil. We show here that the stand-

ard ARC2D4 code (Baldwin-Lomax) can be used for blunt
trailing-edge airfoils with the computational domain con-
figured as an O-grid, rather than using a complex C-H-grid,1
requiring higher order turbulence models for convergence.
See Ref. 5 for details.

Four airfoils 1) RAE2822 (1.12%), 2) FIN5LLT1 (0.7%),
3) FINLLT2 (1.49%), and 4) WTEA (0.5%) were inves-
tigated. The percentages in brackets refer to the trailing-
edge thickness with respect to the chord. The O-grids around
the airfoils were generated using an algebraic generator
ALGGRID.5 A typical O-grid around a blunt trailing-edge
airfoil is shown in Fig. 1.

Results and Discussion
Figures 2 and 3 show the pressure coefficient comparisons

with measured data for cases 1 and 2 for the RAE2822 airfoil.
The agreement between the measured data (taken directly
from Ref. 1) and computations for case 2 is quite good. For
case 1, except for a small portion close to the leading edge
on the upper surface, the pressures are well matched. The
agreement for the lower surface, however, is not as good,
especially in the forward regions.

The comparison of the coefficient of pressure with meas-
ured data, in the range 0.86 < xlc < 1.0, for cases 1 and 2
are shown in Figs. 4 and 5, respectively. In this particular
exercise the Navier-Stokes code was run with both the Bald-
win-Lomax model as well as a mixing length turbulence model.
The other results shown in the figures (taken from Ref. 1),

Fig. 1 Structured
FIN5LLT2.
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Experiment; ----- mixing length turbulence model (present); • • • • •
Baldwin-Lomax (present); —• — • — • Spalart turbulence model (1);
———— Baldwin-Barth turbulence model (1).

use a one-equation turbulence model on a C-H-grid. As ex-
pected, the Baldwin-Lomax and mixing length turbulence
models give very similar results. It appears that the results
from present computations are as good as, if not better than,
the results obtained from the one-equation turbulence models
due to Baldwin-Barth1 and Spalart-Allmaras.1

Pressure coefficient contours close to the trailing edge are
shown in Fig. 6. In terms of absolute values, the present
computations and the ones obtained using Baldwin-Barth tur-
bulence model1 come closest to the measured values.

The velocity profiles for case 1 at axial stations of xlc =
0.96 and xlc = 1.0 are shown in Figs. 7 and 8. At xlc = 0.96,
on the upper surface, the present computations are as well
matched as the other two reported in Ref. 2. For the lower
surface, however, the comparison for most parts is much bet-
ter than the results reported for the Baldwin-Barth and Spa-
lart-Allmaras turbulence models.1 Near the edge of the
boundary layer, on the other hand, present computations show
a slower growth of the boundary layer. Increasing the number
of grid lines within the boundary layer made no difference to

a) Spalart-Allmaras model

b) Baldwin-Barth model

c) Experiment Ref. 1

d) Present computations (case 1)
Fig. 6 Pressure coefficient contours in the trailing-edge region for a)
and b) the one-equation turbulence models, c) the experiment Ref. 1,
and d) case 1.
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the results. The comparison at x/c = 1 is as good as at the
earlier station, xlc = 0.96.

Cp comparisons against measured data are shown in Figs.
9 and 10 for FIN5LLT1 and FIN5LLT2, respectively. Note
that while no Mach number corrections were applied to the
experimental data, an approximate angle-of-attack correction
was implemented. The computations were therefore carried
out at Mx = 0.7 instead of the tunnel value of M^ = 0.72 to
account for the floor, ceiling as well as a small side wall cor-
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ing-edge airfoil WTEA. Mx = 0.748, CL = 0.60, Rec = 8 x 106.
Transition, at xlc = 0.08, upper and lower surfaces.

rection. The correction methods are referenced in Ref. 5. The
iterations during computation proceeded until the computed
lift coefficient converged to the tunnel lift coefficient. Except
for a small region close to the leading edge on the upper
surface where computations overpredict the pressures, a rea-
sonable agreement between measured and computed values
is obtained.

The measured and computed drag polars for a set of five
CL and a values are shown in Fig. 11. The flow conditions
for the drag polars were AL = 0.72 and Relc = 14 x 106. It
is quite apparent that for small angles of attack, where the
flow is mostly attached, the computed drag for both airfoils
compares quite favorably with the experiment.

The pressure comparison for the 16% thick natural laminar
flow airfoil WTEA is shown in Fig. 12. The experimental
results already contained the tunnel floor and ceiling correc-
tion, however, an estimated side wall correction of AM =
0,023, was applied prior to the Navier-Stokes computations.
For comparison sake, the results from a finer grid (266 x 90)
obtained from a hyperbolic grid generation package are also
shown along with the results from a coarser local grid (157
x 61) generated from ALGGRID. The coarse grid performed
as well as the finer grid, while the convergence time for the
finer grid was roughly twice that of the coarse one. The agree-
ment between theory and experiment for this 16% thick nat-
ural laminar flow (NLF) airfoil is as good as seen in the earlier
cases.
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Conclusion
Although the Baldwin-Lomax turbulence model may not,

in principle, be well-suited for the wake region immediately
behind the trailing-edge, it has been shown that accurate re-
sults can be obtained using this model on O-grid-based airfoil
meshes.
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