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SUMMARY

Results are presented of a preliminary analysis of some strain-gage
measurements of the loads carried by the wing and horizontal tail of a
Boeing B-4TA airplane during gradual-turn maneuvers for altitudes varying
from 15,000 feet to 35,000 feet and covering a Mach number range from 0.4k
10 0.60.

The additional air-load center of pressure on the 35° sweptback,
high-aspect-ratio, flexible wing of the test airplane exhibted no signif-
icant tendency to change appreciably in a spanwise direction because of
Mach number throughout the test range. The center of pressure, however,
moved forward with increasing Mach number.

The distribution of load among the components of the Boeing B-4TA
airplane followed the pattern which was typical of that found to exist
on several airplanes tested previously; that is, the various components

carried approximately a constant proportion of the total airplane additional

1lift throughout the Mach number range covered and the fraction of the
wing-fuselage normal-force coefficient carried by the exposed wing was
approximately the same magnitude as the ratio of the area of the exposed
wing to the area of the total wing.

INTRODUCTION

The National Advisory Committee for Aeronautics is currently con-
ducting a flight investigation with a Boeing B-47A airplane. The aims
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of the flight program are to obtain information on the effects of aero-
elasticity on quasi-static loads, dynamic stability, dynamic loads, and
handling qualities of a large flexible airplane having sweptback wing
and tail surfaces.

Although the flight tests are still in progress, sufficient data
have been obtained to indicate the approximate magnitude of the Mach
number and dynamic-pressure effects on the distribution of the additional
loed. This report is the result of a preliminary examination of some
of the loads measurements obtained by simplified data-reduction proce-
dures and is subject to any modification that might be warranted when a
detailed analysis is made at the completion of the flight investigation.

Data were obtained in gradual-turn maneuvers made at altitudes from
15,000 feet to 35,000 feet covering the Mach number range from 0.44 to 0.80.

SYMBOLS
a speed of sound, ft/sec
v true airspeed, ft/sec
M Mach number, V/a
o} dynamic pressure, lb/Sq ft
Ry left-wing inboard shear and moment reference axis (see fig. 3)
Ro left-wing inboard torque reference axis (see fig. 3)
R5 left-wing outboard shear and moment reference axis (see fig. 3)
L aerodynamic load on left wing outboard of reference axis
LT total aerodynamic load on horizontal tail outboard of gage
locations
[ mean aerodynamic chord of wing
52 mean aserodynamic chord of wing outboard of reference axis Ry
S total wing area, including portion covered by fuselage (wing-

fuselage area), sq ft
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S1 twice the area of wing outboard of reference axis Ry, sq ft
W alrplane gross weight, 1b
n airplane normal load factor at airplane center of gravity,
g units
CNA airplane normal-force coefficient, nW/qS
CNT horizontal-tail normal-force coefficient, LT/qS
CNR normal-force coefficient of left-wing air load outboard of
l .
reference axis Rl’ LRy/qS
CNR normal-force coefficient of left-wing air load outboard of
3 reference axis Rz, IRﬁ/qS
CNWF normal-force coefficient of wing-fuselage combination, CNA - CNT

APPARATUS

Airplane.- The Boeing B-U7A airplane, as illustrated by the photo-
graph of figure 1 and the three-view drawing shown in figure 2, is a jet-
propelled medium bomber powered by six General Electric J-47-GE-23 turbo-
Jet engines, each having a sea-level thrust rating of 5,800 pounds at
100 percent rotational speed. The pertinent dimensions and characteristics
of the airplane are listed in table I.

The airplane had two spanwise rows of vortex generators, approximately
two-thirds the span of the aileron in length, mounted on the upper-wing
surface close to the front spar. (See fig. 3.) The yaw damper, although
part of the standard equipment, was not used during the present tests.

Instrumentation.- The instrumentation installed in the test airplane
relevant to this report consisted of standard NACA recording instruments
to measure airspeed, altitude, and normal acceleration at the airplane
center of gravity. The airspeed head was mounted on a boom extending
forward of the nose of the fuselage equivalent to a distance of approxi-
mately 0.8 of the maximum diameter of the fuselage and the airspeed
system was calibrated in flight.

Strain gages pertinent to this paper were located on the left wing
and horizontal tail (see figs. 2 and 3) to measure structural shear,
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moment, and torque for the load acting outboard of axis R;, shear and
moment for the load acting outboard of axis Rz, and the horizontal-tail

load. A strain-gage-calibration procedure similar to that outlined in 1
reference 1 was used to combine the primary strain-gage bridges and to
obtain equations for structural loads in terms of the gage outputs as
recorded on 18-channel oscillographs.

A l/lO—second time pulse was used to correlate the records of all |
recording instruments. ‘

TESTS, RESULTS, AND DISCUSSION

In order to expedite the presentation of some preliminary results
the maneuvers analyzed for this report consisted only of wind-up turns
that initiated from trimmed steady flight and were gradually tightened
in such a manner that the wing loading was maintained essentially sym-
metrical and the acceleration essentially uniform over the component |
parts of the airplane.

The test conditions covered a range of load factor from 1 g to 2.5g
or stall buffeting whichever occurred first, a range of Mach number from
0.44 to 0.80, a range of dynamic pressure from 130 1b/ft2 to 460 1b/ft2,
and a range of altitude from 15,000 feet to 35,000 feet. The airplane
take-off gross weight was approximately 125,000 pounds and the landing
weight was approximately 100,000 pounds. The center of gravity was
varied between 14 and 27 percent of the mean aerodynamic chord by loading
the fuel in selected quantities in the five fuselage tanks and then
programming fuel consumption from the tanks while in flight. During any
particular test run, the center-of-gravity position varied less than
1 percent because of fuel consumption.

Some inconsistencies in the levels of the measured strain-gage data
were noted and there were indications that these effects resulted from
wing and tail structure temperatures varying from flight to flight with
changes in altitudes during each flight. At the present time, sufficient
data have not been obtained to ascertain completely the magnitude of these
temperature-induced effects on the strain-gage outputs. For this reason,
only additional air-load results are presented since these results can
be expressed as the rate of change of one load with respect to another
during the short period of a maneuver and do not require correction for
temperature effects. These results are presented in terms of wing load
and center of pressure and perceht of total airplane load acting on the s
wing and tail.

Wing-load center of pressure.- The rates of change of moment and
torque with shear locate the spanwise and chordwise positions, respectively,
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of the center of pressure from the pertinent reference stations. Typical
variations of the torque and moment with shear for the air load acting
outboard of axis Rj; are shown in figure 4 for a maneuver made at M = 0.60
at 20,000 feet. It can be seen from the linearity of the plots that the
center-of-pressure location of the additional air load remained unchanged
throughout the maneuver. The variation of moment with shear for the air
load acting outboard of reference axis R3 is shown in figure 5 for the

sSame maneuver.

The center-of-pressure positions were determined from curves similar
to those shown in figure 4 for each maneuver and the range of values
obtained is indicated by the envelope drawn on the left-wing plan form
in figure 6. It can be seen from this envelope that the additional air-
load center of pressure had a 50-inch spanwise range, a 17-inch chordwise
range, and encompassed the 25-percent Co point. The changes in the

center-of-pressure location can be attributed to the effects of wvarious
parameters, such as Mach number, dynamic pressure, and airplane weight,
which varied from run to run. No attempt was made to isolate the indi-
vidual effect on the center of pressure of any of the parameters mentioned
owing to the relatively few maneuvers analyzed. The center-of-pressure
values have, however, been plotted against Mach number and are presented
in figures 7 and 8.

In figure 7 the spanwise center of pressure of the additional load
outboard of axis Ry and that outboard of axis R3 are plotted against

Mach number. The ordinate is percent of span outboard of axis R;. Mean

lines are drawn through the respective sets of points at the 45-percent-
and T5-percent-span stations. There is no significant tendency indicated
that the load shifted appreciably with changing Mach number.

Although any attempt at detailed correlation with theory for the B-4TA
configuration is not warranted for these data, theoretical centers of pres-
sure are, for general comparison, shown in figure 7 for a rigid-wing-alone,
incompressible, additional load distribution as obtained from reference 2.

In figure 8 the chordwise centers of pressure, in percent @€p, for
the loads outboard of axis R; are plotted against Mach number and a

mean line drawn through the plotted values. A gradual forward or destabi-
lizing shift with increasing Mach number of about 3 percent [ from the

quarter-chord position is apparent over the Mach number range.

Component loads.- The fraction of the total-airplane normal-force
coefficient CNA carried by the wings and tail was determined from the

slopes of the respective curves for the variation of the component normal-
force coefficients with CNA’ Although the left-wing loads only were
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measured, the right-wing loads were assumed to be equal; an assumption
justified by the type of maneuver analyzed.

Component~force coefficients, CNRl’ CNRQ’ and CNT, for the wing-

and tail-load variation with Cpyp are presented in figures 9 and 10 for

a typical run made at M = 0.60 and 20,000 feet altitude. As in the case
of the plots used in determining the centers of pressure (figs. 4 and 5),
the variations shown in figures 9 and 10 are linear so that the fraction
of the total load carried by each component remained constant throughout
the CNA range of the maneuver. Similar plots were made for all the

runs and the quantities 2<§CNRl/chA>, 2(?CNR2/chA , and dOyyaCy,

are plotted against Mach number in figure 11. The fraction of CNA

carried by the wing did not change appreciably with Mach number. Once
again no attempt was made to isolate the effects of the parameters which
varied from run to run. Approximately 84 percent of the CNA was carried

by the wing area outboard of axis R] plus the corresponding area on the
right wing whereas the wing area outboard of axis R3 plus the correspond-
ing area on the right wing carried approximately 28 percent of CNA’

dCny
dCNA

made with the center of gravity at 14 percent €] to 5 percent of the

The quantity varies from approximately zero for the maneuvers

total airplane normal-force coefficient for maneuvers made with the cen-

‘ = : : . dCNp .
ter of gravity at 27 percent c;. A slight increase in I with
N
increasing Mach number, which is consistent with the forward or destabi-
lizing shift in chordwise center of pressure on the wing, can be noted
for the forward and normal center-of-gravity points shown in figure 1l.

As found in previous tests with several other airplanes of differing
configuration and rigidity, (refs. 3 and L), the fraction of the wing-
fuselage load carried by the wing of the test airplamne (0.86) was approx-
imately equal to the area ratio %%. The normal-force coefficient of the
wing-fuselage combination CNWF was determined by subtracting CNT
from CNA. As a matter of interest the variation with Mach number of

the fractions of the wing-fuselage load carried by the wing of the North
American B-45A, Douglas D-558-II, and test airplane are shown in figure 12.
A table listing pertinent physical characteristics of the airplenes SifE
included in the figure.
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CONCLUDING REMARKS

Within the scope and limitations of a preliminary analysis of the
measured additional air loads on a Boeing B-LTA airplane in gradual-turn
maneuvers, it was indicated that:

1. The chordwise center of pressure on the wing showed a gradual
forward movement with increasing Mach number and there was no significant
trend noted that indicated an appreciable shift of the load in a spanwise
direction due to Mach number.

2. The proportion of the total airplane normal-force coefficient
carried by the wing remained approximately constant up to the maximum
test Mach number of 0.80.

3. The wings carried approximately 0.86 of the total-airplane-less-
tail normal-force coefficient whereas the ratio of the exposed-wing area
to the wing-fuselage area was approximately 0.87.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., January 24, 1955.
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TABLE I

DIMENSIONS AND CHARACTERISTICS OF THE BOEING B-47A AIRPLANE

Wing:
CREIEY FE & 6w ie b s & 6 e e e o B o el 116.0
APaaN IS BhE o b 6 B afe ole il W Sk e te Rl oo 1428.0
ASTact TBEI0. & 5w o w0 o ot e gk e oA Shee womte S e Wl 9.43
TEpor TatED ~ v o B & 15 % 5 ohs sile Sae répsienle MU Q2
Thickness ratio . . . . e e s o T, o B et Q.12
Mean aerodynamic chord, in, « « « o ¢« ¢ ¢ ¢ o o o o o o o 155.9
Sweep at 25-percent chord, deg . . « « « « « « ¢ o o o o 5500
ROOLLOHOTd; The ' o = 5 o o 5 olile oe s s o el e el 208.0
PG chHord, dhe « <« & = o s sie » e o & Bt rele Grrs SIS 87.0
BITEOL] Beotlon. s o ahs o sae @S imvietan o o i S FOR SR BAC 145
Incidence (root and tip), d€Z « « o« ¢ o o ¢ o o o « » o » 29 disn
DATCATEL o HOB « « & o & s v 5 e &0 Ll P A i i 0
Horizontal Tail:
e A TR R (g S 33.0
ATea "aq Tt o = o o 3 o oesliais e oSSR el VR 268
Nepect Feblo.c s « w «-s s @ &0 foims sielis s el i L.06
MeperhFation e o e fo & de' orrelie B e N LR 0.42
Thickness ratio . . . . T e e e e e e el 8 & Jahle SjipealE 0.10
Mean aerodynamic chord, in. =« « « ¢ ¢« ¢« ¢ o o o o o o o o 102.9
Sweep at 25-percent chord, deg . . « « « « « « o o « o o . 5150(0!
RoOt chord, ife o o o o o o o o & o s 5 o o o o © o o oo 15750
Tip’ Chotits, TMe " i o se o o o splel s o re el eie el GRS 58.0
Ihaealelialszh 6 o 9 ol 4 9 8 g5 o 9 006 O G oo a0 00 oD & -0.15!

A R SEC L DI e ol ol el e e e o e Lo SR T BAC 100

Vertical Tail:

Spatis Bl s & e P~ ) 5 18.9
Area (including dorsal), S BB R 5 et he wraTh reatien e, SRR 230.0
Aspect ratio « ¢ o o o ¢ o ¢ o o o ¢ 6 e e s e e o e o o0 155
TEDET TEELO o o o s o s & s v & & .6 s s s s Goenmiis SRl 0. 5%
Ui shi(ellaaoizye) sahaalel 6 6 0 O o G 0 O & & o 0ha o o0 g0 b ook 0.10
Mean aerodynemic chord, in. .« « « o o o o ¢ o o o o o o o 1581
Sweep at 25-percent chord, deg « « « « « « o ¢ « ¢ o o o 515150
Root chord (at water level 200), in. . « « « « « « « o 216.0
Tip chord, in. o B e e BB s e, Bl e ™

Aol ECC IO el o e e e e e o et R R s R = BAC 100

Power plant:
Six General Electric J-4T7-GE-23 turbojet engines with a sea-level mili-
tary thrust rating of 5,800 pounds at 100 percent rotational speed
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Figure 2.- Three-view drawing of the test airplane.




Front
Nacelle g

El (15509") TN

¢ (150.0") ~<

Approximate location N
vortex generators =

|
Nacelle € %)

2 ~
5% chord %

730
spar ¢ S

i
|
#

~
AN

W
' KSht>

[

et pEenc—— =
e——————— 3010 —————>

¥

3321

Lakn

55Ln

A
s

Airplane ¢ -7 |

l 696"

Figure 3.- Sketch of left wing showing pertinent dimensions and reference-

axes locations.

208 n

20dGaT W VOVN

TT
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Figure 4.- Typical variation of air-load bending moment and torque with
air-load shear at the inboard reference axes on the left wing.
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Air-load bending moment about axis R3, in-1b
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Figure 5.~ Typical variation of air-load bending moment with air-load
shear at the outboard reference axis on the left wing.
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Figure 6.- Envelope of center-of-pressure locations for the left-wing
additional air loads acting outboard of reference axis Rl.
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Figure 7.- Variation with Mach number of the spanwise center of pressure
of the additional air loads acting outboard of reference axis Rl

and of axis R5.
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of the additional air loads acting outboard of reference axis Rl'
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Figure 10.- Typical variation with airplane normal-force coefficient of
the horizontal-tail normal-force coefficient during a gradual wind-up
turn.
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Figure 1l1.- Variation with Mach number of the fractions of the total air-
plane normal-force coefficient carried on the wing and tail.
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Fraction of the wing-fuselage normal-force coefficient

carried by the exposed wing, dCN/aCNWF
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Figure 12.- Variation with Mach number of the fraction of the wing-
fuselage normal-force coefficient carried by the wing for three air-

craft configurations.
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