SEPTEMBER 1991

Professor Leishman’s assertion that “‘in the helicopter rotor
blade the induced pressure distribution on the wing is no
longer given in the form of Eq. (2) of Ref. 1°’ is very true. But
this assertion doesn’t alter our use of Eq. (2) in Ref. 1. As
mentioned, the leading edge suction model can use lifting-line
theory in which Egs. (1-6) in Ref. 1 are accurate. In this case,
any special numerical extrapolation need not be employed.

We thank Professor Leishman for reminding us that ‘‘the
induced drag is certainly affected by unsteady effects,’’ but his
assertion that our statements were to the contrary is not true.
We have not concluded that the induced drag is not affected
by unsteady effects. The purpose of developing the leading-
edge suction model is to include unsteady effects completely.
We would like to know how to use the equivalent apparent
mass contributions to the unsteady induced drag. Professor
Leishman has also reminded us of the viscosity effects and his
formula

Cd =27/8 (1-€) o
But again, this was beyond the scope of Ref. 1.
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Comment on ‘‘Calculation of
Asymmetric Vortex Separation on
Cones and Tangent Ogives Based on a
Discrete Vortex Model’’

Turgut Sarpkaya*
Naval Postgraduate School,
Monterey, California 93943

HIN et al.'used the two-vortex model and suggested, as
done earlier by Dyer et al.,? that the multiple solutions
provide an alternative explanation of the existence of asym-
metric vortex separation at zero sideslip and the measured
side-force can only be predicted by second-branch solutions.
Vortex characteristics of bodies of revolution have been
studied extensively through the use of several methods, includ-
ing the vortex-element methods, in the framework of slender
body theory. Also with the added predicaments of where are
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the separation lines, what is the rate of shedding of vorticity,
how does the separating stream surface leave the body, what
conditions should be satisfied at the separation line(s), and
what is the relationship between the Kutta condition and sepa-
ration from a smooth surface. Chin et al.’s technical note does
not deal with these questions and confines itself to the use of
the modified versions of Bryson’s® and Dyer et al.’s?> two-
vortex models, with additional ad hoc assumptions.

Each vortex is connected to the fixed and prescribed separa-
tion points with a cut (a feeding sheet) of vanishing small vor-
ticity. The net force on the total vortex system is rendered glob-
ally zero, separately on each side. The line vortex does not lie
along a streamline, or in the cross flow. Its velocity is not equal
to the local fluid velocity. The moment acting on each vortex
and its feeding sheet is not zero and cannot be rendered zero
without introducing additional ad hoc assumptions. Further-
more, the model ignores the effect of the secondary separations.

Bryson forced the separation line and the positions of the
line vortices to be symmetric about the incidence plane. A
Kutta-type condition (the tangential component of the cross-
flow is zero on the body) was invoked at the separation points.
In spite of its remarkable simplicity, Bryson’s analysis pre-
dicted the normal force at the early stages of motion fairly ac-
curately.* At later times, the force drops sharply and
unrealistically. However, the most remarkable feature of Bry-
son’s model is that it owes its limited success to the forced
symmetry of the vortices.

In 1969, Davis® recast Bryson’s model to remove the forced
symmetry. The use of initial values including symmetric sepa-
ration points exactly identical to those of Bryson failed to pro-
duce symmetric vortex positions. It was discovered that the
matrix yielding the rates of change of the strengths and posi-
tions of the vortices is ill-conditioned and the slightest trunca-
tion error leads to abnormally large values for the vortex
strengths and positions. The unexpected and surprising asym-
metry of the vortices was not interpreted as an explanation of
the sectional side force which has since become an important
problem.% Rather, it was discovered that the two force-
balance equations for the vortex-cut are the source of the ill-
conditioned behavior of the matrix yielding the strengths and
positions of the two vortices. This, in turn, is due to the fact
that the moment acting on a vortex and its connecting sheet is
not zero. In other words, imposed symmetry can hide compu-
tational instability. Thus, the vortex asymmetry resulting from
the ill-conditioned nature of the approximate equations ex-
plains neither the existence nor the non-deterministic behavior
of the side forces. This is not to say that the side force is not a
consequence of vortex asymmetry, but rather to emphasize
that the source of asymmetry resides upstream of the separa-
tion points, not in the unstable behavior of the approximate
equations, based on numerous ad hoc assumptions and em-
pirical parameters. In fact, a careful multivortex analysis of
the impulsively-started flow by Sarpkaya and Shoaff,’
without resorting to the vortex-cut and no-force assumption,
did not yield a bifurcation to asymmetric state, at least
without introducing an asymmetry in the separation points
and/or in the shear layers. A similar conclusion has been
reached by Almosnino® using a non-linear vortex-lattice
method. A detailed discussion of the vortex methods is given
by Sarpkaya.® A thorough discussion of the forebody and
missile side forces is given by Hall.®

It is concluded that the two-vortex model is a crude approx-
imation to a very complex problem, the use of force-free
feeding-sheets connecting the prescribed separation points to
the line vortices does not yield a moment-free system, the
resulting equations are ill-conditioned for the vortex strengths
and positions, and the vortex asymmetry resulting from the ill-
conditioned nature of the governing set of equations explains
neither the existence nor the nondeterministic behavior of the
side forces, with or without circulation reduction and a
number of ad hoc assumptions to bring the calculated and
measured values into closer agreement.
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! ARPKAYA’S comments on numerical instability asso-

ciated with Bryson’s vortex model are applicable only to a
two-dimensional problem (a circular cylinder), and are not
correct to the three-dimensional problems (cones and tangent
ogives) we solved. The main differences between the two are
the second term on the right side of Eq. (2), and the second
term on the right side of Eq. (3) of Ref. 1. These terms play

. heavily on the force-free condition we used, I' X V = 0, where

I' is the vector of the line vortex strength. Therefore, Sar-
pkaya’s statement that in our model, ‘‘the line vortex does not
lie along a streamline ...”” is totally incortect.

In addition, since there is no force on the feeding sheet of
vanishing small vorticity, there is no couple acting on the
vortex in our model. The model does ignore the secondary sep-
arations.

in our model, the solution of each branch is very stable. In
other words, if a solution is disturbed in any different way, the
same final solution is always obtained. We are fully aware of
the numerical problem associated with Bryson’s model for a
circular cylinder. This means that Bryson’s model must be
reformulated. However, this does not mean that the same nu-
merical problem would occur in our three-dimensional solu-
tions, since different models and equations are being used.
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