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Discussion
The axial singularity methods developed in Refs. 7 and 8

have been shown to yield accurate pressure coefficient
solutions with little computational expense for both axial and
inclined flows. Use of the linear source singularity and linear
crossflow doublet singularity with twenty cosine spaced
elements and the optimal inset of the singularity line yielded
pressure coefficient results which were accurate to four
significant figures for ellipsoidal bodies of slenderness ratios
between two and ten, over the entire 0-30 deg range of angle
of attack studied. However, a key requirement for obtaining
such solution accuracies was use of optimal inset of the
singularity line away from the blunt nose and tail. For
ellipsoidal bodies this optimal inset distance has been found to
be proportional to the nose radius of curvature. No inset was
utilized for sharp nosed bodies such as an ogival body. It is
anticipated that the optimal inset should vary for other classes
of axisymmetric bodies, but it is recommended that inset
distances obtained using the criterion developed for ellipsoids
be used initially for all blunt nosed bodies.

The axial singularity method has been extended to allow
accurate pressure coefficient solutions to be obtained for
axisymmetric bodies having discontinuous changes in surface
curvature. However, axial singularity methods have not been
found suitable for bodies having discontinuities in surface
slope, such as a cone-cylinder. Surface singularity methods
appear necessary for such geometries.Accurate solutions for
bodies having jumps in curvature were obtained by using
higher order source singularity distributions, but only by
allowing discontinuous changes in source strength across the
point where the jump in curvature occured. Indeed, the
resulting source intensity distributions were observed to jump
from a small positive value to a negative value across such a
juncture for the cylindrical bodies having ogival or ellipsoidal
noses studied.
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Modifying TRANDES to Obtain Given
Lift Coefficient

G. F. Hall*
Texas A&M University, College Station, Texas

Nomenclature
C/ — section lift coefficient
Cp = pressure coefficient, (/?-/?«,) /<7»
p — local pressure, psf
P^ — freestream static pressure, psf
q^ — freestream dynamic pressure, psf
Re — Reynolds number
x — airfoil chordwise location, nondimensional in chord

length
o; = airfoil angle of attack, deg
ain = airfoil angle of attack; refer to a normal TRANDES

run using aout as input
aout = airfoil angle of attack; calculated by TRANDES

with convergence to C/ specified

Introduction

LOCAL flowfields in the vicinity of lifting surfaces,
particularly propeller/rotary wing surfaces, can be so

complex that an accurate value of angle of attack is difficult
to obtain, whereas a desired lift coefficient generally can be
specified rather easily.

It has been shown that the transonic airfoil analysis and
design program, TRANDES,1 does not correlate pressure
well with experimental data using angle of attack as a
parameter, but does provide good correlation if lift coef-
ficient is used as the correlation parameter.2 If one wishes to
use TRANDES as a design tool, this ambiguity in angle of
attack can lead to erroneous results; or it can result in an
excessive number of computational runs to obtain the desired
result. However, if lift coefficient can be specified and a
resulting pressure distribution obtained, then this distribution
should be reasonably close to the expected one.

A method3 similar to TRANDES has been used successfully
as a design tool for several years; however, this method does
correlate pressure with experimental results using either angle
of attack or lift coefficient as a correlation parameter. The
method of Ref. 3 has only a simple turbulent boundary layer,
whereas TRANDES has independent upper and lower surface
boundary layers with laminar/turbulent runs and natural
transition4 as well as a low-speed maximum lift coefficient
prediction method.4 TRANDES has an improved and ex-
panded methodology compared to the method of Ref. 3.

In keeping with the improvements to TRANDES, it would
be an enhancement to provide the capability of obtaining a
pressure distribution directly for a desired lift coefficient.
This paper reports alterations to the program that permit
convergence to lift coefficient. Details of the changes to the
changes to the program may be obtained by contacting the
author.

Technical Approach
TRANDES has as an independent parameter, the angle of

attack a. In Ref. 1 o: is an input parameter and held constant.
In order to alter the method to accept a required lift coef-
ficient, angle of attack is allowed to vary with each relaxation
sweep through the grid. As angle of attack is updated with
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Fig. 1 Variation in airfoil lift coefficient with angle of attack.

each relaxation, the circulation also is changed accordingly.
In turn, the circulation is directly proportional to lift coef-
ficient. Thus the change in circulation defines the change in
lift coefficient required to bring the current value of angle of
attack to that required to produce the required lift coefficient.

Sample Results
As a means of verifying the prescribed changes, an NACA

0012 airfoil section was investigated at the following
operating conditions: Flight Mach number =0.1 (subcritical),
0.75 (supercritical); no boundary layer; the default boundary
layer of Ref. 1; and a laminar/turbulent boundary layer with
natural transition.

The verification consisted of investigating a range of
required lift coefficients. These values were taken to be -0.2,
0.0, and 0.2. The values of lift coefficient and angle of attack
as calculated by TRANDES were obtained and the lift
coefficient compared with the required input. The calculated
angle of attack then was input to TRANDES to obtain a lift
coefficient from a normal run. Figures 1 and 2 summarize the
results of this investigation.

Figures la-e compare lift coefficient against angle of attack
over the range tested. It was found that the program default
value controlling the number of iterations was sufficient to
provide acceptable results for the subcritical cases, with and
without boundary layer (Figs, la and Ib), and the super-
critical case without boundary layer (Fig. Ic).

Figure Id shows the supercritical case with the default
boundary of Ref. 1. Acceptable results required a doubling of
the number of iterations. It should be noted from Fig. Id that
acceptable results at negative lift coefficient required that no
constraint be imposed on the lower surface boundary-layer
growth at negative angle of attack. Such constraints can
conflict irrevocably with any shock effect on the boundary
layer. The TRANDES methodology controls lower surface
boundary-layer growth via an input quantity and also permits
eliminating this control through the same input item.
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Fig. 2 Chordwise variation in airfoil pressure coefficient.

Figure le describes a supercritical case with a lam-
inar/turbulent boundary layer with natural transition. Again,
the method converged satisfactory to the desired lift coef-
ficient/angle-of-attack combination.

Figure 2 shows a pressure coefficient comparison from the
two modes of TRANDES operation. This case is at a tran-
sonic Mach number of 0.75, and negative lift coefficient of -
0.2. It also includes independent upper and lower surface
boundary layers with natural transition. This combination
represents the most difficult test for the TRANDES numerical
methodology, and pressure distribution comparisons for the
other test cases were at least as satisfactory.

Figure 2 shows the pressure distribution obtained by
convergence to lift coefficient is fully acceptable when
compared to the pressure distribution from a normal
TRANDES run. It can be noted that any significant
deviations in the calculated pressure coefficients occurred in
regions of strong gradients such as the shock wave or the
rapid expansion near the leading edge. These differences do
not alter the characteristics of the pressure distribution
significantly, nor do they introduce major error into the
calculated lift coefficient. However, if greater accuracy is
desired, more stringent convergence criteria, particularly
increasing the number of iterative cycles, can be applied.

Concluding Remarks
The changes to the TRANDES program that permit a

required lift coefficient to be specified and the corresponding
pressure distribution determined give results that are con-
sistent with the standard procedure of angle-of-attack input.
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