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Transonic Solutions for a Multielenient Airfoil Using
the Full-Potential Equations
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Transonic flow solutions are obtained over a muiltielement airfoil (augmentor-wing) using the full-potential
equation. Solutions obtained for a subcritical case and a strong-shock case show good quantitative agreement
with experiment in regions not dominated by viscous effects. In those regions where viscous effects are
dominant, the results are still in good qualitative agreement. For the strong-shock case, Mach-number and
angle-of-attack corrections were necessary to match experimental C,. Typical results from the transonic
augmentor-wing potential codeé (TAUG) on the Cray-18 computer require about 10 s of CPU time for a three-
order-of-magnitude drop in the maximum residual. The speed with which solutions can be generated and the
associated low cost will make this code a practical tool for the design aerodynamicist.

Introduction

INCE its conception by de Havilland Aircraft of

Canada,! the 18%-thick augmentor-wing (see Fig. 1) has
been described as having several advantages over more
conventional, single-foil supercritical sections of the same
overall thickness-to-cord ratio. Some of these potential ad-
vantages are higher drag-rise Mach number, lower-form drag
of the main-airfoil section, and increased buffet boundaries.?
The augmentor-wing configuration has also been viewed as a
new type of powered-lift approach with significant benefits
resulting from the integration of powerplant and wing
designs.? It has also been observed experimentally that the
augmentor-wing in cruise configuration with blowing can
contribute major savings in aircraft fuel consumption through
its increased aerodynamic efficiency.

Simulation of a flowfield by means of wind-tunnel. ex-
periments and computers are the two basic tools in con-
figuration design. Although wind-tunnel experiments can be
used to investigate complex configurations and aerodynamic
phenomena, problems such as wall and support interference,
model distortion, operating-range limitations, and flow
nonuniformity can lead to inadequate simulation. Thus, some
military aircraft problems discovered only in flight test (in-
correctly predicted wing flow, drag-rise Mach number,
transonic airframe drag, etc.) affect aircraft cost and result in
delayed or reduced operational capabilities.* Some of these
problems could be avoided by using today’s computational
capability.

Ways in which computations can complement experiment
include test facility error corrections, data for conditions
beyond experimental operating range, flow physics, and
configuration optimization. A 20% improvement in fuel
efficiency of the Airbus A-310 over that of the A-300 is at-
tributed primarily to the use of computational
aerodynamics.* Thus, computer codes are rapidly becoming
instrumental not only in increasing understanding of flow
physics and near-optimal design configurations but, perhaps
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more importantly, in reducing costs relative to the rising costs
of wind-tunnel experiments. It is with this thought in mind
that the present work was embarked upon.

TAUG was developed to investigate the improved ef-
ficiencies of the augmentor-wing at the cruise configuration.
Although experimental and numerical results® indicate some
separation in the channel regions between the main airfoil and
the shrouds, there is a potentially large demand for an inviscid
code to analyze augmentor-wing geometries. It is anticipated
that in most good augmentor-wing designs viscous effects will
be minimal. In addition, the pressure gradients resulting from
an inviscid computation can be used (qualitatively) to estimate
regions of separation and thus help to determine what con-
stitutes a good or bad design. Therefore, because typical run
times associated with the inviscid full-potential formulation
may be orders of magnitude less expensive than other viscous
procedures, many different geometrical or flow parameters
can be investigated. TAUG, for example, can generate
solutions (default case M, =0.7, «=1.05 deg) in ap-
proximately 10 s, whereas 2 h may be required for a Navier-
Stokes solution® on a Cray-1S computer. Thus, an inviscid
code, such as TAUG, would allow the design aerodynamicist
to focus in on a near-optimal augmentor-wing configuration
with inexpensive computational solutions.

Earlier works on multielement airfoils for transonic
flowfields were limited to airfoils with a maximum number of
two elements.%® The governing equations used were the small-
disturbance equations,® the Navier-Stokes equations,’ or the
nonconservative full-potential equation.?® Later efforts'®!!
eliminated the restriction of a maximum of two elements and
solved the flow over a three-element airfoil. The governing
equations used were also the nonconservative full-potential
equation. The arrangement of the three-element airfoils
comprised a main airfoil with one of the following: 1) a
trailing lower flap, 2) a leading-edge slat, or 3) a combination
of the two.

The multiélement airfoil for this study, however, has a
completely different geometric topology (see Fig. 1). It
consists of a main airfoil (and a slot opening at the trailing
edge for jet blowing) with two smaller aft airfoils, or shrouds.
The shrouds are positioned to form a channel-like region and
thus act as an ejector (or thrust augmenter) for the blowing
case. (In the present study only cases without blowing will be
considered.)
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Theoretical Background

In the present study, transonic-flow solutions over the
augmentor-wing are obtained by solving the full-potential
equation. The TAIR (Transonic AIRfoil analysis) full-
potential code'? was modified to solve the multielement
airfoil configurations of the augmenter-wing type. This code
uses a fully implicit approximate-factorization (AF2) scheme
to solve the transformed full-potential equation in a general,
nonorthogonal, body-conforming coordinate system. The
full-potential equation written in strong conservation-law
form is given by

(0¢y) x + (p8,), =0 (1a)
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where the velocity components (¢, and ¢,) and the density p
are nondimensionalized by the critical sound speed «. and the
stagnation density p,, respectively; x and y are the Cartesian
coordinates; and v is the ratio of specific heats.

Mass conservation is expressed by Eq. (1) for flows that are
isentropic and irrotational. For many transonic-flow ap-
plications, the corresponding shock-jump conditions are valid
approximations to the Rankine-Hugoniot relations. '

To transform Eq. (1) from the physical domain (Cartesian
coordinates) into a computational domain, a general
nonorthogonal, independent-variable transformation is used.
This general transformation,

§=£(xy) n=n(x,y) (@)

maintains the strong conservation-law form of Eq. (1). The
full-potential equation written in the computational domain
(¢, n coordinate system) is given by .

(pUID)  + (pV1 ), =0 (a)
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where

U=A,¢; +A,9,
V=A,0;+A390, (4)

and
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The U and V terms are the contravariant components along
the £ and % directions, respectively; A;, A,, and A; are metric
quantities; and J is the Jacobian of the transformation. The
following metric identities are necessary in numerically
evaluating the above expressions:

X':Jyn "Ixz_-])’g

§=—Jx, n,=Jx; @)
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Grid Description and Code Modifications
Grid Description

The grid for the augmentor-wing configuration is generated
utilizing GRAPE (GRids about Airfoils using Poisson’s
Equations) program.'*!® An example grid, which consists of
106 X 35 points in the wrap-around (§) and normal-like (%)
directions, respectively, is shown in Fig. 1. The grid topology
about the main airfoil is of the C-type; that about each of the
shrouds is of the H-type. The GRAPE program generates this
grid in two separate sections. The first grid section consists of
the innermost £-grid lines between the main airfoil and the
shrouds (a total of seven £-grid lines for the grid of Fig. 1).
The second grid section consists of all £-grid lines between the
shrouds and the outer boundary. Control of the spacing and
orthogonality at all boundaries is accomplished by the
iterative solution of two coupled Poisson differential
equations. For a more detailed description of the grid-
generating procedure, the reader is referred to Ref. 5.

The ¢ computational variable increases in a clockwise
manner, and the 5 variable increases from the outer boundary
to the inner boundary. The £-direction corresponds to the f
index and varies from 1 to imax. The 5 direction corresponds
to the j index and varies from 1 to jmax. Each grid-point
position is thus identified with an (i,/) index pair. The outer
grid boundary has three parts, 4Q,, 09Q,, and 49;. Those
points lying in the set i=1, 2 <j<jmax belong to the bound-
ary 08;. The boundary 4Q, contains those points j=1,
1 <i=<imax. Finally, dQ; are those points such that /= imax
and 2=<j=<jmax. The boundary dQ, is the outer freestream

Fig.2 Expanded view of jet area.
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boundary, and the boundaries dQ,; and 8Q; are the lower and
upper outflow boundaries, respectively.

The airfoil surface boundary condition is that of flow
tangency (i.e., no flow through the airfoil surface), which
requires that the » contravariant velocity component at the
airfoil surface be zero (i.e., V'=0). This boundary condition is
implemented by aplying

(oV1TY ipodjbod—172 = — (OV1T) ivod jbod+ 172 ®

where i=ibod, j=jbod denotes a grid point on one of the
three airfoil surfaces. In those expressions in which ¢, is
required at the airfoil surface, the =0 boundary condition is
used again to obtain

4)11 |surface = _AZ /A3 d)g Isurface: (9)

In addition, ¢ must be allowed a discontinuity equal to T" in
crossing the double-stored £ line downstream of the trailing
edge of each airfoil surface. The magnitude of T' (different for
each airfoil surface) is determined by the Kutta condition,
which requires that the upper and lower surface pressures be
equal at the trailing edge of the airfoils.

Inherent in the local grid about the leading edge of each
shroud is an H-type singularity (see Fig. 2). This singularity
causes large amounts of skewness and stretching but should
cause little difficulty since the geometric error introduced into
the true solution can be minimized by appropriately dif-
ferencing the metric quantities associated with the trans-
formation.'® Reference 16 illustrates, in detail, how the local
accuracy around grid singularities and global error associated
with, for example, the lift are improved. A comparative study
of solutions (generated on grids which were smooth to grids
which were nonsmooth, highly stretched, and/or skewed) led
to the conclusions of Ref. 16.

Code Modifications

The TAIR code uses an approximate-factorization (AF2)
scheme and is given by Step 1:

(a+8,B) S, = —owle], (10a)

Step 2:
(ab, F aﬁgz +8,B,6,)Cl, =1, (10b)

where
B,= ("TA’ ),-+ ., B= (p”;lj )LF% (11)

and one-sided difference operators for the £ direction are
defined by

5o )= Yij forward

iwr— (

S;( )ii=C Yij—C Yicy backward

The y-difference operators can be obtained by symmetry.
The w term is a relaxation parameter, and « is an acceleration
parameter (that can be regarded as Ar~ 7). A small value of «
(i.e., too large a time-step) can result in divergence of the
iteration scheme. For a more detailed description of the AF2
algorithm, the reader is referred to Ref. 12.
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Three major modifications were required to transform the
base code TAIR into the multielement airfoil code TAUG.
The first involved changing the O-grid topology to a C-type
topology with additional logic to enforce the proper flow-
tangency boundary conditions at the upper and lower shroud
surfaces. This required modifying the boundary conditions of
Eqgs. (10a) and (10b) to be compatible with a C-type topology.
Thus, in Step 1 [Eq. (10a)], the main airfoil wake was in-
cluded along the j=jmax boundary. Previously, in the O-grid
topology, the j=jmax boundary consisted of only the airfoil
suface. In Step 2 [Eq. (10b)], the endpoints of the tridiagonal
inversion were changed to lie along 42, and 6Q;. In the O-
mesh version the endpoints for the Step 2 tridiagonal matrix
were periodic.

The shroud logic complicates the conversion process in
several ways. First, all the bidiagonal inversions in the g
direction (Step 1) have to account appropriately for the
double-stored ¢ line which contains the shroud surfaces. That
is, two separate inversions are implemented in the 5 direction
when a shroud is encountered (see Fig. 2 for examples of 5-
grid lines that intersect the shroud surfaces). Second, the -
matrix inversion along this double-stored £ line must be in-
verted twice: once along the entire £ line, including the lower
surface of the lower shroud and the upper surface of the upper
shroud; and once separately for only the upper surface of the
lower shroud and the lower surface of the upper shroud. With
this modification, every grid point in the multielement airfoil
grid is updated in an implicit manner.

The second major modification was implemented to
enhance stability of the AF2 interation scheme for a C-type
topology. At the main airfoil (and along the main airfoil
wake) 6,/ " =0 is used as an intermediate boundary condition
for Step 1. This boundary condition is required at the j = jmax
boundary because values of f at i,jmax+ 1 are unknown and
difficult to obtain. Lack of a good physical interpretation of f
makes the formation of a more logical boundary condition
difficult. The only criterion that f must satisfy is that as the
iteration process drives the solution to a steady state, f must
approach zero. _

A stability analysis'” shows that for the 6, f” =0 condition,
a severe restriction is placed on « at the airfoil surface,
namely

a>A;0 (12)

For the O-mesh version of TAIR, this restriction posed no
real problems since the A; metric was of the order 1. Special
logic in the TAIR computer code empirically forced « at the
J=Jjmax boundary to always satisfy Eq. (12). But for the C-
mesh version, the A4; metric was orders of magnitude larger,
thus requiring large values of « and small values of the ef-
fective time-step. This tended to slow convergence drastically.

Reference 17 suggested another way of imposing the in-
termediate boundary condition for fsuch that §, " #0. Leta
“dummy point”>’ value for fbe given as

f;,ljmax-kl =0 fgjmax I<i<imax (13)

where jmax denotes the airfoil surface (or the airfoil/wake
surface for the C-mesh topology) and jmax+1 denotes a
fictitious point inside the airfoil surface. Choosing 8= -1, a
stability analysis reveals unconditional stability for the AF2
scheme; that is,

az=0 O0<w=<2.0 (14)
This modification allows larger time-steps and improves

convergence (especially for the C-mesh version) of the AF2
iteration scheme.
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The last modification consisted of changing the outer
boundary condition (see Ref. 12 for a complete discussion of
the old boundary condition). The new boundary condition
consists of imposing ¢=¢, on the boundary 9%,. On the
upper outflow boundary (6Q;), ¢7/ ! is extrapolated to deter-
mine ¢7-L . (2<j<jmax). The extrapolation formula is

imax,j

determined by the condition

n+1 — At
f\' Iimax- 7N A ¢x

Vimax—3/2,j 2=<j=<jmax (15a)

This equation, differenced in general coordinates, becomes

1 I
Ex Vimax— 1) (Ol — Photi~1,7)
_ 1 1
- éx i:‘max—j/z,j (¢7rr-ltzx~1,j - d)?rrfax—z,j)

2=<j<jmax (15b)

and is implemented implicitly in the tridiagonal inversion
required by Eq. (10b). Utilizing Eq. (15b) and the fact that

Cri =t — ¢l yields

(C?max,j - Cl”max~l,j) = Ratin (C;qmax— 1.j— Clr'lmafo,j)

2<j<jmax (16)

where

Ratio, = <£x limax—3/2.) >

Ex l imax—2,j

To eliminate C},,,;, Eq. (16) is evaluated at i=imax-1
and combined with the tridiagonal equation given by Eq.
(10b):

B- C;nax—Z,j +D- C?max— Lj +A- C;Ymax,j =ﬂmax— Lj (17)
This yields

(B—A-Ratio;) - Chyp_z;+ [D+A- (Ratio; +1) ]

X C:(lmax—l,j =ﬁmax—1,j (18)

where A, D, and B are the tridiagonal elements obtained from
Eq. (10b). This equation, with two values in the unknown
correction vector (Clyg—2; and Cl,,;;), becomes the final
equation in the ¢-direction tridiagonal matrix equation. A
similar procedure is implemented for the dQ; boundary where
the C}; term is eliminated. The outer boundary condition
modification just presented is primarily required because of
the new C-mesh grid topology, but also served to speed
convergence by setting up the lift at a faster rate. The
motivation for the new outer boundary condition was as
follows. At the outflow boundaries, far enough downstream,
we expect u=u, and v=0 from physical intuition. This is
reflected numerically from the extrapolation procedure,
which is 8/9¢ (¢, ) =0

Discussion of Results

In Fig. 3 computational results are compared with ex-
periment!® for a flow with a freestream Mach number of 0.7
and an angle of attack of 1.05 deg. Upward- and downward-
facing triangles denote experimental data for the upper and
lower surfaces, respectively. The pressure-coefficient
distributions for the upper and lower shrouds have been
displaced by +1 and — 1, respectively. There is also a shift to
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Fig.4 C; history vs number of iterations; M, =0.7, a=1.05 deg.

the right in x/c for the data of the shrouds. The lower surface
Cp distribution and the crossover of the upper and lower
pressure distributions are both nicely captured on the main
airfoil. The upper-surface pressure distribution, although
qualitatively correct, is in slight disagreement with ex-
periment. In the thin-layer Navier-Stokes solution of Ref. 5,
this disagreement is greater and was attributed to the need of
an angle-of-attack correction in the experiment.

The results for the upper shroud are qualitatively in good
agreement with experimental data. The discrepancy in the
lower part of the leading edge, which is also partially
reproduced in the Navier-Stokes results of Ref. 5, can
probably be attributed to viscous effects in the channel
between the main airfoil and the upper shroud. That is, cither
the lack of viscous effects (full-potential) or the lack of an
adequate turbulence model (Navier-Stokes) is causing the
discrepancy with experiment. The bumps in the upper-surface
pressure distribution exist in both the present full-potential
and the Navier-Stokes results of Ref. 5 and thus lead to the
speculation that the body coordinates of the upper shroud
may not be smooth.

The peak Cp at the leading edge of the lower shroud is
successfully captured; however, poor quantitative results
occur on the upper-surface distribution. This may again be
the result of viscous effects which occur in the lower channel
region between the main airfoil and the lower shroud. The
Navier-Stokes solution of Ref. 5 did predict small regions of
separated flow in both channel regions with a slightly stronger
separation in the lower channel.
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As mentioned earlier, the pressure gradients resulting from
the inviscid solution can lend insight into regions of possible
separation. At the trailing edge of the main airfoil, high
pressure gradients can be seen. The pressure gradient is
greater on the lower surface than on the upper surface. This
would indicate a larger separation region on the lower surface
(at the trailing edge) than on the upper surface. This is in fact
verified with the “‘separation’’ contours of Ref. 5. Note aiso
the high pressure gradient on the upper shroud (upper surface
at the trailing edge) indicating a region of separation which
again was verified numerically.’
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Figure 4 displays lift vs iteration number and CPU time
(Cray-1S computer) for each of the three individual lifting
surfaces. The lift associated with each surface approaches an
asymptotic limit after about 600 iterations. This number of
iterations is about an order of magnitude larger than usually
required by the base TAIR code for single-airfoil ap-
plications. This difference is probably a result of additional
“stiffness’” generated by the augmentor-wing channel
regions. Nevertheless, it is anticipated that a significant
reduction in the number of iterations required for con-
vergence by the TAUG code can be obtained with additional
research.

The main airfoil lift in Fig. 4 starts with a negative value
and eventually approaches a small positive asymptotic limit.
The lower shroud lift starts small and decreases, eventually
crossing the main airfoil value of lift. The upper shroud
contributes the largest component of lift to the augmentor-
wing and attains this value quickly. Despite the fact that the
Navier-Stokes code of Ref. 5 utilized a time-accurate
algorithm whereas the present algorithm is not time-accurate,
these general lift convergence characteristics are the same for
both approaches.

The solution convergence history displayed in Fig. 4 in-
dicates adequate convergence after about 10 s of computer
time (106 X 35 mesh). To evaluate this time fully, it should be
noted that the TAUG code has been partially vectorized on
the Cray-1S computer. The OFF=V/ON =V ratio, whichisa
measure of how well a code is vectorized, is about 3.0 for the
TAUG code (that is, the speed of the code without benefit of
vector instructions is 3.0 times slower than the speed with
vector instructions). Since a fully vectorized code might
produce an OFF=V/ON=V ratio as high as 5.0, it can be
seen that the level of vector efficiency is about 60% . With this
level of efficiency, the TAUG code is about 6 times faster on
the Cray-1S computer than on the CDC 7600 machine. The
present approach is about 1,000 times faster than the Navier-
Stokes approach of Ref. 5. However, the present approach is
inviscid and does not include viscous effects, as does the
Navier-Stokes solution of Ref. 5. The speed with which the
present potential method can generate solutions and the
associated low cost will allow the TAUG code to be a practical
tool to the design aerodynamicist.

Figure 5 shows a comparison of the lift vs angle of attack
for the augmentor-wing configuration at a freestream Mach
number of 0.7. The lift curve slope agreement is only fair.
However, a reevaluation of the experimental angle-of-attack
correction indicated a shift in the experimental slope which
would bring the two results into better agreement.!® The stall
angle for the experimental data appears to be about 4 deg. Of
course, this viscous phenomenon does not occur for the in-
viscid solution.

Another physically interesting aspect of the augmentor-
wing (observed experimentally) is the apparent insensitivity of
shroud lift to angle of attack. Figure 6 shows that TAUG is
successful in capturing this physical characteristic. It can be
observed that the lift of each shroud varies only slightly with
angle of attack; however the main-airfoil lift increases
linearly.

A strong-shock case with a Mach number of 0.759 and an
angle of attack of 2.32 deg is shown in Fig. 7. The solid lines
indicate results obtained at the experimental values of Mach
number and angle of attack. The upward- and downward-
facing triangles retain the same definition as before (upper
and lower surfaces, respectively). As can be seen, the results
are in poor agreement with experiment. On the main airfoil,
the shock position deviates from experiment by about 20%
chord. The magnitude of the shock strength is greater than the
experimental value by a factor of about two. Similarly, the
upper and lower shroud pressure distributions are off by
significant amounts.

The dashed lines shown in Fig. 7 indicate numerical results
obtained at M, =0.715 and «=2.32 deg. As can be seen,



JANUARY 1985

|
6= & PERIMENT UPPER
15 i EX } 070 1.05
|

7 EXPERIMENT LOWER
- TAUG 0.70 1.05 \J
TAUG 066 1.05 !
R E— SRS S R —
-2 2 6 1.0 14 18 22

Fig. 9 Density contours; M, =0.715, a=2.32 deg.

correcting the Mach number in this way yielded excellent
agreement between the numerical and experimental results (at
least in regions of the solution not dominated by viscous
effects). On the main airfoil, the leading-edge peak pressure is
captured as is the position of the shock. The lower-surface
pressure distribution and the crossover characteristic are also
successfully captured.

On the shrouds the corrected numerical and experimental
pressure distributions are in good qualitative agreement. The
best agreement exists on the upper surface of the upper shroud
and on the lower surface of the lower shroud. Between the
shrouds, where viscous effects are probably significant, the
agreement is only fair. Note how the Mach-number correction
improves the solution at almost every location on all three
airfoil elements.

In other cases, the need for a large Mach-number correction
appeared to be the trend. The corrected Mach number was
consistently lower than the given experimental Mach number.
In the stronger-shock cases, large changes in the solution
resulted from the Mach-number correction. For the weak-
shock or subcritical cases, the Mach-number correction was
not as important but did generally produce better agreement
with experiment. For example, the slightly supercritical case
shown in Fig. 3, which did not require a Mach-number
correction to produce reasonable agreement with experiment,
did show an improvement in accuracy with a —0.04
correction in the freestream Mach number. The uncorrected
(solid lines) and corrected (dashed lines) solutions are com-
pared with experimental results in Fig. 8. Note that the dashed
solution is better than the solid solution at almost every
location. Of course, the dashed solution is still not good in the
channel regions where viscous effects are important.
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Fig. 10 Density contours of expanded jet area; M, =0.715, @=2.32
deg.
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Undoubtedly, some of this Mach-number correction is
required to eliminate numerical errors. For example, the
numerical error generated by not modeling viscous effects can
be simplistically eliminated by angle-of-attack or Mach-
number corrections or both (at least for standard airfoil
calculations). Another source of error is due to the lack of
modeling entropy effects, inherent in the full-potential
formulation, which would tend to produce stronger shocks. A
study which will attempt to quantify the effect of both of
these sources of error is currently in progress. The last likely
source of error requiring Mach-number and angle-of-attck
corrections is from the experiment, for example, wind-tunnel-
wall interference. It is not likely, however, that the Mach-
number correction for this experiment is more than
—0.0005.1

Figure 9 shows density contours for the augmentor-wing
for the M, =0.715 and «=2.32 deg case. The stagnation
areas and the upper-surface shock are easily identified. Figure
10 shows an expanded view of the throat area. The rapid
expansion at the leading edge of the lower shroud and the
large compression gradient at the inlet of the lower shroud are
clearly visible. Large separation, as mentioned previously,
was observed numerically in this region for the Navier-Stokes
simulation of Ref. 5.

The smearing of the main-airfoil shock in Fig. 9 is caused
primarily by the coarseness of the mesh. On the main airfoil
there are a total of 60 points, while the shrouds have a total of
40 points each. This effectively puts about 30 points on the
upper surface of the main airfoil. More points would be
required to produce a ‘‘sharper’” shock.

Figure 11 shows a comparison of the coefficient of drag vs
freestream Mach number. The angle of attack was fixed at
1.05 deg for all cases presented. The numerical results plot
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only pressure drag, whereas the experimental results are for
total drag. Emphasis should not be placed on the lower end of
the Mach-number spectrum because, for these subcritical
cases, potential theory should predict zero drag. Therefore,
the plotted potential drag for the lower Mach-number cases is
really an indication of the numerical error associated with the
algorithm or the finite-difference grid (primarily grid coarse-
ness and distortion). If the 0.04 Mach-number correction
determined from Fig. 7 is applied to Fig. 11, then the
numerical and experimental values for the drag-divergence
Mach number are almost identical.

Conclusions

A full-potential code for solving transonic flow over a
multielement airfoil has been developed and successfully
applied to compute the transonic flow over the augmentor-
wing. Surface-pressure-coefficient comparisons for. severgl
cases show good quantitative agreement with experiment in
regions not dominated by viscous effects, providing the
proper Mach-number corrections are implemented.A(.)ther
results, including total C; vs «, C; vs « for each individual
airfoil element, and drag-divergence Mach number, all show
good qualitative agreement with experiment.

The potential code has been implemented on the Cray-1S
vector computer and can generate solutions in about 10s(ona
grid size of 106 x35). The speed at which solutions can be
generated allows a variety of flow parameters and geometrl_cal
designs to be quickly analyzed. Near optimal augmentor-wing
configurations can be determined in an efficient and inex-
pensive manner, making the code an amenable tool for the
design aerodynamicist.
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