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Fig. 3 Summary of results for one airfoil.

larger than 1%. The model consumed about 3.5% of the
tunnel cross-sectional area at o = 0 and the two slotted
walls were 50% open. It was felt that under these condi-
tions wall interference corrections were not necessary and
none were made. Model angle of attack was limited to
about 4° because increased blockage then limited the at-
tainable Mach number. Generally, the agreement between
prediction and experiment deteriorated as o increased.
This is thought to be due to the increasing importance of
boundary-layer displacement effects associated with the
adverse pressure gradient over the rear portions of the air-
foil at higher angles of attack. The simple vortex distribu-
tion scheme used to compute the M = 0 distribution of
course does not permit this displacement effect to be con-
sidered as does the more inclusive method of Ref. 5.

The success of the simple prediction scheme offers suffi-
cient incentive to warrant the effort to include a better
vortex distribution method and a more accurate descrip-

tion of the shock pressure rise in the calculation proce--

dure. If these modifications improve the agreement be-
tween prediction and experiment without excessive in-
creases in computer time, it would appear reasonable to
attempt to include a more analytical version of the meth-
od of Ref. 7 as well.
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Correlation of Wing-Body
Combination Lift Data

Leland M. Nicolai* and Felix Sanchez}
U. S. Air Force Academy, Colo.

WHEN a wing is added to a body at low angles of attack,
there are mutual interference effects present between the
components that makes the lift of the wing-body combi-
nation greater than the sum of the lift of the individual
components. These interference effects are 1) the effect of
the body upwash or cross flow on the local angle of attack
of the wing; 2) the effect of local body-flow parameters
such as Mach number and dynamic pressure on the wing
characteristics; 3) the effect of the lift carryover from the
wing onto the body; 4) the effect of wing upwash on the
body ahead of the wing; 5) the effect of the wing lifting
vortices on the body behind the wing.

These mutual interference effects on the wing-body lift
are generally small for configurations with body diameter
to wing span ratios, d/b, less than 0.1 (typical of high as-
pect ratio aircraft). For d/b ratios greater than 0.1, typi-
cal of low aspect ratio aircraft and missiles, the interfer-
ence effects are significant and should be accounted for in
order to properly determine the lift characteristics of par-
ticular wing-body configurations. The method of Pitts,
Nielsen, and Kaattari! considers the aforementioned five
interference effects and predicts the lift characteristics of
wing-body combinations with an accuracy of £10%. Their
method suggests that the wing-body lift curve slope at all
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Fig. 1 Sketch of wing-body showing lift carryover region and
wing-body parameters.
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Mach numbers can be expressed as
(Cr)ws=F(Cr), (1)

where (Cy )wg and (Cp )w are the lift curve slope of the
wing-body and wing, respectively, at zero angle of attack
(both based upon the exposed planform area of the wing,
S.) and F is a wing-body lift interference factor. The F
factor is considered a function of Mach number and the
wing-body geometry.

The theory? indicates that

F = F(d/b,M) (2)

with weak dependence on wing aspect ratio, taper ratio
and sweep. The location of the wing on the body influ-
ences F primarily through the interference effect number
3 mentioned earlier. This life carryover is shown on Fig. 1
and can be a significant part of the wing-body lift at high
Mach numbers.

The purpose of this article is to demonstrate experi-
mentally that Eq. (2) is indeed valid. Experimental re-
sults of wing-body lift will be correlated using the lift in-
terference factor F. .

An experimental program was conducted using delta
wing-body combinations of various aspect ratio and d/b at
subsonic Mach numbers (2 X 3 USAFA low-speed wind
tunnel) and supersonic Mach numbers (1 X 1 USAFA
Trisonic wind tunnel) of 1.44, 2.48, and 3.48. The F value
was determined using Eq. (1) and the experimental
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Fig.2 Wing-body lift interference factor.
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Fig.3 Theoretical supersonic wing alone lift curve slope.

data of Hall2 and the USAFA program mentioned above.
The data of Hall2 was used to show the first-order inde-
pendence of F on wing aspect ration, swéep, and taper ra-
tio for Mach numbers up to 2.0. The data of the USAFA pro-
gram was used to again show the independence of F on
wing aspect ratio and extend the examination of Mach
number to 3.48. The results for F are shown on Fig. 2 and
demonstrate the dependence of F on d/b and Mach num-
ber. The F values on Fig. 2 were checked using exper-
imental data for a wide variety of wing planforms, Mach
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numbers and d/b! with agreement within +15% in all
cases. All of the wing-body configurations considered in
this study were uncambered and untwisted and had the
body extended sufficiently past the trailing edge of the wing
so-that the Mach lines from the wing root covered the after-
body (i.e., lift carryover was present).

Equation (1) and Fig. 2 can be used to rapidly deter-
mine the wing-body lift curve slope, (Cr )wp. The meth-
ods, in three Mach regimes, are as follows:

Subsonic: Determine the wing Cp using the expres-
sion3

271A
2+ [4 + A®B(1 + tan’A/pN)]7? ®)

where A = aspect ratio, § = (|1 = M2?|)1/2, A = sweep of
the maximum thickness line. Then, determine F from Fig.
2 for the d/b and Mach number of interest. The wing-
body Cr based upon the exposed wmg planform area S,
is then given by Eq. (1).

Transonic: Determine the wing C; using the method
suggested by Spreiter.* Then determine F from Fig. 2 and
use Eq. (1) for (Cy, Ywp.

Supersonic: For M = 1.4, determine the wing C; using
supersonic thin airfoil theory and finite wing theory such
as is shown on the charts of Fig. 3 (Refs. 5-9). Then de-
termine F' from Fig. 2 for the d/b and Mach number of in-
terest and calculate (Cp )wp using Eq. (1). This superson-
ic method is restricted to wing-body configurations where
lift carryover is present.

(CLa)W =

VOL. 10, NO. 2

References

1Pitts, W. C., Nielsen, J. N., and Kaattari, G. E., “Lift and
Center of Pressure of Wing-Body-Tail Combinations at Subsonic,
Transonic and Supersonic Speeds,” TR 1307, 1959, NACA.

2Hall, C. F., “Lift, Drag and Pitching Moment of Low-Aspect-
Ratio Wings at Subsonic and Supersonic Speeds,” RM A53A30,
Jan. 1958, NACA.

3Lowry, J. G. and Polhanus E., “A Method for Predicting Lift
Increments Due to Flap Deﬂectlon at Low Angles of Attack in In-
compressible Flow,” TR 3911, 1957, NACA.

4Spreiter, J. R., “Aerodynamics of Wings and Bodies at Tran-
sonic Speeds,” Journal of the Aerospace Sciences, Vol. 26, No. 8,
Aug. 1958, pp. 465-517.

5Jones, R. T., “Properties of Low- Aspect Ratio Pointed Wings
at Speeds Below and Above the Speed of Sound,” TR 835, 1946,
NACA.

SHarmon, S. M. and Jeffreys, 1., “Theoretical Lift and Damp-
ing in Roll of Thin Wings With Arbitrary Sweep and Taper at
Supersonic Speeds, Supersonic Leading and Trailing Edges,” TN
2114, 1950, NACA.

"Malvestuto, F. S., Margolis, K., and Ribner, H. S., “Theoreti-
cal Lift and Damping in Roll at Supersonic Speeds of Thin
Sweptback Tapered Wings With Streamwise Tips, Subsonic
Leading Edges, and Supersonic Trailing Edges ” TR 970, 1950,
NACA.

8Cohen, D., “Formulas for the Supersonic Loading, Lift, and
Drag of Flat Sweptback Wings With Leading Edges Behind the
Mach Lines,” TR 1050,1951, NACA.

9Mirels, H., “Aerodynamics of Slender Wings and Wing-Body
Combinations Having Swept Trailing Edges,” TN 3105, 1954,
NACA.

Erratum

“Simplification of the Wing-Body Interference Problem”™
' Ralph E. Graham and Jerry L. McDowell
NASA Manned Spacecraft Center, Houston, Texas
[J. Aircraft 9, 752 (1972)]
EQUATION (3) in the preceding Engineering Note should

have read as follows:

'KB(W) =

2
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