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m; SUMIIARY
2 This report presents the resulis of high-speed pressurec—

distribution measurements on the wing of a O.3-scele model of
the P-L7D airplane. The data indicate an outward shift of
the air load on the wing at high llach numbers, due to a loss
of 1if%¥ oh the root section. The root section, being thicker
and set at a higher angle of incldence, has a lower critical

Hach number than the remalncder of the wing,.
INTRODUCTION

Satisfactory methods have been devised for predicting
the low-speed air-load distribution on airplane wings. (See
- reference 1.) However, at the present time, experimental

3 neans must be resorted to in order to determine the alr-load
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distribution at high Mach numbers, especially at Mach numbers
above the critical for the wing. This report presents thne
results of tests made to determine the effect of Mach number
on the span load distribution of a 0,3-scale model of the
Republic P-47D airplane., The results of tests made to deter-
mine the general aerodynamic characteristics of the model,
including pressure distributions at two spanwise wing stations,
are presented in reference 2, The Tests weré conducted in the
Ames 16-foot high-speed wind turnel at tie request of the Air

Technical Service Command, U.S. Army Alir Forces.
MODEL AND APPARATUS

Figure 1 is a three-view drawing and figure 2 is a photo-
graph of the model, which was designed and constructed at
the 4mes Aeronautical Laboratory. The model was built up of
steel spars covered with mahogany, ané incorporated four chord-
wise bands of bressure orifices in the left wing panel at
stations 10.8, 30,0, 50.0 and 70.0 inches from the lengitudinal
center line. The preséure orifices were connected by rucber
tubing to mercury-in-glass manometers.

The wing area of the model was 27.000 square feet, the
span was 12.233 feet, and the mean aerodynamic chord was
2,187 feet. The alrfoil section was the Republic S-3 through-
out (similar to the NACA 230-series airfoil), with a thickness,
twist, and chord distribution elong the span as shown in

figures 3 and 4.
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Support for the model in the wind-tunnel test section
(see fig.:2) was provided by two 5-percent-thick unshielded
struts connected to the wing 40 inches either side of the
center line of the model, and a single 7-percent-thick
unshielded strut connected to the after part of the fuselage.
Angle-of-attack control was cbtained by vertical movement

of the rear strut.

SYMBOLS

The symbols used in this rsport are defined as followsi
A free-stream veloclity, feet per second
q free-stream dynamic pressure (%pvz), pounds per

square foot

p free-strcam mass density, slugs per cubic foot

H Mach nuuber ( vaocitg of soum:})

P pressure coefficient (p & Po)

jo) local static pressure on gurfécc, pounds per square
Toot

Py free-stream static pressure, pounds per square foot

Pep critical pressure coefficient
(P at which the local velocity equals the local

velocity of sound)

Mer eritical Mach number (free-stream Mach number
at which Pop 15 attained)

S wing area, squarec feet

b - wing span, feet
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M.A.C. wing mean aerodynamic chord, feet
Cg wing chord at any particular spanwise section, feet
y distance of any particular section from the center line

of symmetry, feet

cL, trimmed 1ift coefficient (tr?mggd 11t

Cx wing normal-force coefficient normZé force
XY o pitching moment

Cm pitching-moment coefficient ( a5 M.E.C.

Com bending~moment coefficient of the normal force

(bending moment\
q b< cqg /

B section normal-force coefficient (section gogmal force;
S =

Cm section pitching-moment coefficlent

(seﬁtion pitching moment)

q cg” i

a angle of attack of the fuselage reference line,

degrees
oy angle of attack of the fuselage reference line,

uncorrected for tunnel-wall or support-strut
" interference, degrees

g acceleration of gravity, feet per second per second
REDUCTION OF DATA

The results of the tests have been corrected for tunnel-
wall and support—stfut interference and for the constriction

effects of the model. A complete description of the method
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used for determining the various correctlons may be found

in reference 3. The relation between Hlach number and Reynolds
nuabsr for the model in the Ames lé—foo‘t_high-—speed wind
tunnel ls given in figure 5.

The 'pitching moments were computed with respect to a
center-cf-gravity location which was 1.650 inches below the
fuselage reference line of the model and directly above the
27 .B5-percent point of the mean aerodynamic chord. In deter-

mining the pitching-moment coefiicients from the wing pressure
distribution, the dlrection of Tic pressures was assumed
_to_be normal to the chord line, their effect in the thick-
nesswise direction being neglected,

In order to facilitate plotting in carpet form,
all the data were first plotted against Mach number. The
ordinates were then replotted for even values of lMach number.

All the data for Mach numbers above 0.80 are shown

‘dotted in the figures and should be trested with reserve,

owing to the proximity of the tunnel-choking Mach number

for the model and support combination tested.
RESULTS AND DISCUSSION

Typical pressure 2istributions for the Repubilc S-3
airfoil sectlon are shown in figure 6., At low Mach numbers,
the distribution conformed to that of conventional-type
airfoils. However, as the criticai ifach number was. exceecded

at moderate angles of attack, a localized disturbance
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appeared on the uﬁper surface of the wing near the position of
the minimum pressure coefficient (at about 30 percent chord).
The flow aft of this disturbed region appeared to be much the
same as that at low speed until the critical Mach number was
exceeded by about 0.15, beyond which Mach number the flow was
separated over the entire after part of the chord and the
pressure recovery was not complete. Apparently the pressure-—
recovery gradient over the after part of the chord was such
that the critical Mach number had %o be excecded considerably
before the disturbance of the compression shock was strong
enough to cause complete separation of the flow. This behavior
is substantiated by the tuft photographs of reference 2.

The critical Mach number at various spanwise stations of
the P-47D model wing is given in figure 7. The root section,
being thicker and set at a higher angle of incidence, has a

lower critical Mach number for positive values of 1lift coeffi-

cient than the remainder of the wing.

Lift and Normai-Force Characteristics

In order to facilitate thc transformation of the data
into terms of operating conditions of the P-47D airplane, the
characteristics are given as a function of the trimmed 1lift

cocfficient rather than tail-off 1ift coefficient or elevator-

vwia ¥

neutral 1lift coefficient. The trimmed 1ift coefficient carpet
for the P-47D airplane model is given in figure &, and the :

section normal-force coefficient carpets, obtained from
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integration of the pressure distribution, are shown in figure
9, Figure 10 gives the total normal fcrce on the wing as a
cunction of the trimmed 1ift coefficient and Mach number.

The root sections of the wing, having a lower critical kach
number, exhibited much greater effecfs of compressibility -
than the remainder of the wing; whercas thne tip section
exhibited no detrimental charactcecristics within the range

of the tests. Figure 11 presents a resume¢ of the effects

of Mach number on the 1lift characteristics of various span-
wise locations of the wing. Below a Mach number of 0.80,

the increase of section zero-lift angle of attack from

root to tip was about one-half the twist of the wing-chord
planc. The large change of section zero-1ift angle of

attack near the middle of the scmispan above 2 Mach number

of 0.80 ig belicved to be caused by local e¢ffects of the

sﬁpport strut.

Span Load Distribution

The predicted distribution of the normal load along
the span of the P—Q?ﬁ airplane wing is ziven in figure 12 as
the product of the section normal-force coefficlent and the
local chord. 4t a Mach number of 0.60 and a 1lift coefficient
of between 0.7 and 0.8, the root section of the wing began
to carry a smaller proportion of the total load than it did
at low speed, This outward shift of the load occurred at

successively lower 1ift coefficients as the Mach number was
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increased. However, in terms. of fiight conditions of the air-
plane (fig. 13) the effect is not so severe, since the 1lift
coefficient required for a given acceleration decreases as

the HMach nurber is increased.

The outward shift of the load due to the loss of 1ift
over the root section of the wing causes an increase in the
bending moment at the wing rodt (fig. 14). This increase
occurred at a Mach number of 0.60 and a 1ift coefficient of
0.80, or at a lach number of 0.75 and a 1ift coefficient of
0.2C. At a Mach number of 0.80 and a 1lift coefficient of
0.40 (corresponding to an 8g pull-up at sea level) the
bending-moment coefficient at the wing root was 0.034%, or

over 13 percent greater than the low—speecd value.

Torsion Characteristics

The predicted distribution of the torsion load along the
span of the P-U7D airplane wing 1is shown in figure 15 as the
product of the section pitching-moment coefficient and the
square of the local chord. Since the moment axis is a
straight line passing through the 27.5—pcréent point of the
mean aerodynamic chord, and the plan form of the wing is a
distorted ellipse, the position of the axis in percent of
local chord is not constant along the span of the wing. For
instance, at the root the moment axis is at 29 percent of the
local chord; at the middle of the semispan it is at 27.5

percent; and near the tip, it is at 38 percent. (Sce figure 4.)
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The adverse effects of compressibility first appeared
at the root section at a Mach number of 0.6C and a 1ift
roefficient of about 0.70. At a HMach number of C.80 the
+dverse effects were epparent a2ll along the wing span.
Integration of the span torsion load revealed the total
torsion (pitching-moment coefficicnt of the wing) shown in
figure 16. The resulfs of force tests of the.wing-fuselage
combination are also given. Both sets of data indicate that
the pitching moment of the wing became considerably more
negétive as the Mach number increased; whereas the rate of
change of pitching-moment coefficient with 1lift coefficient
changed from a vositive value to & negative value. Although
the destabilizing effect of the fusclage is included in tie
data from the force tests, the cffect of Mach number on the
ving pitching (or torsion) moment is clearly evident from

both sets of data.

CONCLUSIONS

High-speed wind-tunnel tests to determine the span
load distribution over the wing of a model of the P-47D
airplane indicated the following:

1., The centroid of the air load on the wing shifted
outward at high Mach numbers duc to a loss of 1lift on the

root sections. This loss of 1lift was largely a result of
the thickness and twist distribution along the span of the

Wing .
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2. The pitching-moment coefficient (torsion) of the wing
became considerably more negative at high Mach numbers, and
the rate of change of pitching-moment coefficient with 1ift
coefficient changed from a pdsitive value to a negative
value,
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FIGURE LEGENDS

Figure 1.- The 0.3~scale model of the P-U7D airplane,

Figure 2.- The P-47D airplane model in the Ames 1l6-foot high-
speed wind tunnel.

Figure 3.- The thickness and twist distribution of the P-47D
airplane wing. (a) Thickness distribution. (b) Twist
distribution.

Figure 4.- The local chord and the chordwise position of the
lateral axis passing through the 27.5-percent point of the
M.A.C. of the P-U7D airplane. (a) Local chord. (b) Position
of lateral axis.

Figure 5.- Variation of Reynolds number with Mach number for
the P-U7D airplane model in the Ames 15-foot high-speed
wind-tunnel.

Figure 6.~ Effect of Mach number o the chordwise pressure
distribution on the P-47D airplane model wing.
y/0.5b = 0.147. (a) ay = -10.

Figure 6.- Concluded. (b) ay = 7°.

Figure 7.- The critical Mach numbsr of the P-U47D airplane
model wing at various spanwise locations and values of
trimmed 1ift coefficient.

Figure &.- Trimmed-lift-coefficient carpet for the P-47D
ailrplane model.

Figure 9.- Section normal-force-~coefficient carpet for the
P-U7D airplane model wing. (a) y/0.5b = 0,147.

Figure 9.- Continued., (b) y/0.5b = 0.409,
Figure 9.- Continued. (c) y/0.5b = 0.681.
Figure 9.~ Concluded. (d) y/0.5b = 0.954.

Figure 10.- Predicted relationship between the normal-force ‘
coefficient of the wing and the trimmed 1lift coefficient
of the P-47D airplane.
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Figure ll.- Scction lift-curve slope at zero 1lift and scction
zero-1lift angle of attack for the P-H7D airplane model
wing.

Figurce 12.- Predicted spenwise distribution of the normal
load on the P-47D airplane wing for several values o? the
trimued 1ift coefficient,. (a) M = 0.20, (b) M = 0.40,

0.60, (4) M = 0.65.

Figure 12.- Continued. (c) M

)

Figure 12,- Continued., (e¢) M = 0,70. (f) M = 0.75.

Figure 12.- Concluded. (g) M = 0.80, (h) M = 0.8k,

Figure 13%.- Predicted spanwise distribution of the normel
force on the P-47D airplane wing (wing loading of 45 1b
per sq ft) for sc¢veral valuss of indicated normal accelers—
tion at 10,000 ft altitude.

Figure 14,- Predicted variation with Mach number of the
pending-moment coefficient at the root of the P-47D
airplanc wing for several values of the trimmed 1lift
coefflecient.

Figure 15.,- Predicted spanwise variation of the torsion
load on the P-47D airplane wing about the lateral axis
%assing through the 27.5—Eercent point of the M.A.C.

a) M = 0.20. (b) M = 0.40.
Figure 15.- Continued. (c¢) M = 0.,60. {d) M = 0.65.
Figure 15.- Continued. (e) M = 0.70. (f) M = 0.75.

Figure 15.- Concluded. (g) M = 0.&C.

Figure 16.- The pitching-moment cocfficient of the P-L47D
alrplane model wing for several vaolues of the trimmed
1ift coefficient. (a) Data from force tests of the wing-
fuselage combination., (b) Data from integration of the
wing pressure dlstribution,
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FIGURE /.~ THE O.5-scaue AODEL OF THE -7 e anve
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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e 2.- The P-U47D airplane model in the Ames 16-fo005
high-speed wind tunnel,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY — MOFFETT FIELD, CALIF.
















































































