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RESEARCH MEMORANDUM 

ANALYSIS OF FLIGHT-DETERMINED AND PREDI CTED EFFECTS 

OF FLEXIBILITY ON THE STEADY -STATE WING 

LOADS OF THE B-52 AIRPLANE 

By Albert E. Kuhl, John T. Rogers , and Mary V. Little 

SUMMARY 

To substant iat e at low transonic speeds predi cted effects of flexi 
bilit y on the steady-s tate wing loads of l arge flexible airplanes employing 
swept back wings, an investigation of t he s teady- state wing loads was 
conducted on the Boeing B-52 airplane . The investigation was conducted 
at speeds up t o a Mach number of 0 . 82 at an altitude of 20,000 feet and 
up to a Mach number of 0 . 90 at 30 , 000 fee t. 

In general, t he results of the i nves tigation agreed with the trends 
that might be expected for a swept wing wi th high aspect ratio. The 
ef fec t of wing bending r ather than twis t about the wing axis appeared to 
be pr edominant i n changing the air-load distributi on due to flexibility. 
Because t he bending eff ect was predOminant, the center of pressure moved 
i nboard and forward wi t h increasing dynamic pressure. The transonic 
rearward movement of the aerodynamic cent er started near a Mach number 
of 0.82 at a lift coeffi cient of 0. 35 and occurred at progressively lower 
lifts wi t h i ncreasing Mach number unti l at the highest test Mach number 
of 0 . 90 , t he aerodynamic center remained i n the r e armost position over 
the total lift region investigated. 

The measured loads were compared wi th the results of calculations 
using the method of NACA TN 3030. The comparisons of the measured and 
calculated loads indicated that the me t hod used t o predict the loads 
appears reasonable for this type of airplane confi guration in the speed 
r ange tested. 

To illustrate the ef fects on the air loads of varying the structural 
properties, calculations were made in which the wi ng stiffness was varied. 
A 20-percent increase in wing stiffness resulted i n generally small changes 
in the calculat ed shear, bending moment, and torque curves for the alti
t ude and Mach number range of t hese t ests . For a Mach number of 0.9 at 
an altitude of 30,000 feet a rigid-wing calculation showed an increase i n 
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wing-root bending moment per unit normal-load factor of about 24.5 per
cent with a corresponding increase in root shear of about 7.5 percent. 

Results of calculations in which the nacelle air loads were varied 
indicated that the nacelle air loads can have a strong influence on the 
t otal wing loads and therefore an accurate estimation of the nacelle air 
loads is important in predicting t he wing loads. 

INTRODUCTION 

In recent years the role of airplane flexibility has assumed 
increasing importance in airplane design, particularly with jet bombers 
and transports where the trend is toward high- aspect-ratio sweptback 
wings. These high- aspect -ratio sweptback wings enable the designer to 
achieve greater airplane performance; however, these high-aspect - ratio 
s urfaces and the increased speeds emphasize the aeroelastic problems 
resulting from airplane flexibili t y. 

To substantiate the prediction of aeroelastic effects on a large 
flexible airplane capable of obtaining low transonic speeds, the National 
Advisory Committee for Aeronautics obtained fli ght-test data on the 
Boeing B-52 airplane . This program was completed through the cooperation 
of the U. S. Air Force and Boeing Airplane Co. The airplane used for 
this investigation was completely instrumented, maintained, and operated 
by the manufacturer. The NACA fli ght program was conducted by Boeing 
concurrently with the completion of the B-52 structural integrity program. 

This paper presents the results obtained during the phase of the 
B- 52 flight i nvestigation concerned with the steady-state wing loads. 
Where poss ible, the effects of Mach number and flexibili ty on the measured 
loads are analyzed and presented . In addition, the measured and predicted 
loads are compared and the effects of varying some important aerodynamic 
and str uctural properties used in the predictions are also investigated. 
The parameters considered inc l ude the wing stiffness and the nacelle air 
loads. 

SYMBOLS 

b wing span, in. 

wi ng-panel semispan, in. 

airplane normal - force coeffic ient, 

- ---- - -

nW 
qS 

___ -->I 
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local wing chord, in. 

wing mean aerodynamic chord, 

wing-panel mean aerodynamic chord, 

in. 

r b/2 2 
J l C dy 

124.7 -1-b -:-/2--:"'-_-' in. 
c dy 

124.7 

wing section lift-curve slope, per radian 

wing bending stiffness, lb - sq in. 

wing shear, (positive for up load), lb 

wing shear at zero airplane normal acceleration, lb 

wing torsional stiffness, lb-sq in. 

acceleration of gravity, 32.2 ft/sec2 

wing deflection, in. 

pressure altitude, ft 

Mach number 

wing bending moment, (positive if up load outboard of strain
gage station), in- lb 

wing bending moment at zero airplane normal acceleration, 
in-lb 

normal-load factor, g units 

free-stream dynamic pressure, lb/sq ft 

total wing area, sq ft 

wing torque about the wing elastic axis, (positive for up 
load ahead of elastic axis), in-lb 
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wing torque at zero airplane normal acceleration, i n -lb 

time, sec 

airplane gross weight, lb 

wing-panel aerodynamic center, percent Cw 

lateral distance from airplane center line, in. 

lateral center of pressure of additional air load, 
percent bw 

2 

angle between root reference s tation geometric zero-lift 
line and the apparent zero-lift line at a particular 
wing spanwise location, including built-in twist and 
induced aerodynamic effects, radians 

elevator angle, (positive when trailing edge of elevator 
down), deg 

pitching velocity, (positive when airplane pitching nose 
up), deg/sec 

angle of sweepback, deg 

center of gravity 

inboard nacelle 

outboard nacelle 

external wing tank 

AIRPLANE 

The Boeing RB- 52 airplane used for this investigation is character
ized by large flexible sweptback wing and tail surfaces. TWo engine 
nacelles and an external fuel tank are mounted beneath each wing. The 
airplane employs hydraulicall y operated wing spoilers and a hydraulically 
operated adjustable stabilizer used for trim. In addition, the airplane 
has tab-operated ailerons, elevator, and rudder. A photograph and a 
three-view sketch of the airplane are shown in figures 1 and 2, respec
tively, and the pertinent physical characteristics are summarized in 
table I. . ' 

. _ 'to( _, ~,' 

,.I" '. , 
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A camera was installed on the top of the fuselage for photographing 
wing, fuselage, and tail deflections. 

The weight of the airplane during the flight tests was approximately 
290,000 pounds and the center of gravity was maintained at 26 ±l percent 
mean aerodynamic chord by transferring fuel within the body tanks. The 
fuel carried in the wings was held constant during these tests. The 

inboard wing tanks from station ~ = 0.11 to ~ = 0.43 were full. 
The outboard tanks and the external tank were empty. 

INSTRUMENTATION 

The instrumentation in the B-52 airplane was installed, calibrated, 
and maintained by the Boeing Airplane Co. The following measurements 
obtained during the flight tests are pertinent to the analysis presented: 

Airspeed and altitude 
Normal accelerations at center of gravity, tail, and three 

wing locations 
Elevator position 
Gross weight and center-of-gravity position 
Pitching velocity at center of gravity 
Wing loads 
Wing deflections 

Wing shear, bending moment, and torque were measured by strain gages 
at the locations shown in figure 3 . It should be noted that the measure
ments are relative to the assumed elastic axis (fig. 3). In addition to 
the six primary load stations, bending moment was also measured at nine 
other stations on the wing. The strain-gage zeros obtained on the ground 
prior to each flight were used to establish the load levels. The loads 
have been corrected for the wing and fuel dead-weight inertias and there
fore are presented as aerodynamic loads acting on the wing. 

Wing deflections were measured at eight locations on each wing 
panel. The target locations used to measure the deflection of the left 
wing are shown in figure 3. The camera used to photograph the targets 
was mounted over the wing center section as shown in the three-view 
drawing (fig. 2). The camera housing was the only external change made 
to the B-52 configuration. 

The estimated accuracy of the measured quantities is ±3 percent. 
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TESTS 

The fli ght tests repor ted in this paper consisted of slow- rate roller
coaster maneuvers at altitudes of 20,000 and 30,000 feet. The maneuvers 
were about 12 to 15 seconds in duration, with the pilot smoothly pulling 
up from 1 g to approximately 1 . 8g, pushing over to 0.2g, then returning 
to 1 g . Speed ranges were f rom M = 0.55 to M = 0.82 at an altitude 
of 20 , 000 feet and from M = 0 . 70 to M = 0. 90 at 30,000 feet. 

The center of gravity was maintained at 26 ±l percent of the mean 
aerodynamic chord by transferring fuel within the fuselage tanks. The 
average gross weight was approximately 290,000 pounds. 

The Reynolds number , based on the wing mean aerodynamic chord, 
varied from 46 X 106 to 75 X 106 . 

RESULTS AND DISCUSSI ON 

Flight Tests 

T,ypical time histories of slow-rate roller - coaster maneuvers of the 
type analyzed are shown in figures 4 and 5 for Mach numbers of 0.70 
and 0 . 86 , respectively, at an altitude of 30,000 feet. For these maneu
vers t he airplane is approximately in balance at all times and the maneu
vers are sufficiently slow that the wing structural frequencies are not 
excited (figs. 4 and 5). For the wing loads, in particular, the effects 
of pitching velocity and acceleration were examined and found to be 
negligible. 

The wing loads measured during the maneuvers presented in figures 4 
and 5 are shown in figures 6 and 7 as t he variation of the loads with 
the normal acceleration measured at the airplane center of gravity. The 
aerodynamic shear, bending moment, and torque are presented for the six 
stations along the wing . For each of t he wing stat ions i ndicated in 
f igure 3 the measured load is the aerodynamic load outboard of a line 
perpendicular to the elastic axis at t he particular wing station. The 
bending moment is measured about the same line perpendicular to the 
elastic axis, and the torque is measured around the elastic axis . Note 
that t he slope of the elastic axis is d i scontinuous at a point between 
wing stations 444 and 600 (fig . 3); therefore, the torque and bending
moment measurements are not directly comparable inboard and outboard of 
this discontinuity . In order to illustrate as simply as possible the 
effects of Mach number and lift on the wing loads only the loads at the 
inboard station (wing station 222) are shown subsequently, since the 
inboard station loads reflect the changes which occur on the outer panel . 
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Figures 8 and 9 present the variation with airplane normal-load 
factor of the aerodynamic shear, bending moment, and torque measured at 
the typical wing station (wing station 222) for the speed ranges of the 
tests at altitudes of 20,000 and 30,000 feet. The variation of the shear 
and bending moment with normal acceleration at both altitudes is essen
tially linear. Some nonlinearity is apparent in the torque curves for 
an altitude of 20,000 feet. At an altitude of 30,000 feet the nonlin
earity is even more pronounced in the torque data. At the higher lifts 
there is a tendency for the curves to flatten out to a slope near neutral . 
With increasing Mach number this change in slope becomes more pronounced 
and occurs at lower values of lift. At the highest test Mach number, the 
slope is approximately zero over the entire lift range investigated. The 
change in the variation of torque with normal-load factor to a neutral or 
slightly negative slope indicates a rearward movement of the center of 
pressure with increasing lift or Mach number. This trend of the center
of-pressure movement is typical of transonic flow characteristics. 

It should be noted that the torque data obtained at an altitude 
of 30,000 feet not only evidence nonlinearities but there are large loops 
or scatter apparent in the data, particularly at the higher Mach numbers. 
By referring to the time histories of typical maneuvers in figures 4 
and 5, it is apparent that losses in Mach number and dynamic pressure 
occur in all the maneuvers, primarily in the initial pull-up phase of 
the maneuvers. It is believed, however, that these loops or scatter at 
the higher Mach numbers (M = 0.86 and M = 0.90) are caused by a combi
nation of the Mach number changes and the inherently unstable flow condi
tions that exist when the local flow is changing from subsonic to super
sonic as evidenced by the relatively rapid rearward movement of the 
aerodynamic center that occurs in this Mach number range. 

To illustrate more fully the Mach number and altitude effects on the 
measured wing loads, these loads are summarized in figures 10 and 11. 
Figure 10 presents the variation with both Mach number and dynamic pres 
sure of the basic air load, that is, the wing shear, bending moment, and 
torque intercepts at zero airplane acceleration . Figure 11 presents the 
variation with Mach number and dynamic pressure of the aerodynamic center 
and the spanwise center of pressure of the additional air load. These 
data were obtained by taking slopes of the curves in the lower lift 
region where the data are essentially linear. Figure 10 shows no signif
icant changes in the basic air - load curves of shear or bending moment 
wi th either Mach number or dynamic pressure, but the basic air-load torque 
curves indicate combined effects of both Mach number and dynamic pressure . 
The center - of-pressure variations shown in figure 11 indicate an inboard 
shift of the center of pressure of the additional load and a forward 
movement of the aerodynamic center as Mach number or dynamic pressure is 
increased. For speeds up to M = 0. 86, the trends are typical for a 
subsonic sweptback flexible wing. It may be noted that for this speed 
range the locus of the centers of pressure fall near the wing quarter
chord line. The points at the two highest Mach numbers are somewhat more 

t 

----- ---



•• ••• • ••• •• • • • • • • • • • •• •• • • •• • • . • . • . 8 · · • · · • .. • · NACA RM H57C25 •• ••• • • • • • • ••• •• • •• •• 

interesting in that a rearward transonic aerodynamic-center shift occurs. 
It should be reemphasized that the aerodynamic-center and additional-
load center-of-pressure data are for the lower lift regions only. It 
should be recalled that the torque curves of figure 9 show that the rear
ward movement of the aerodynamic center actually started at a Mach number 
of approximately 0.82 and a normal acceleration of 1. 4g which corresponds 
to an airplane normal-force coefficient of 0 . 35 . As Mach number is 
increased from 0.82 to 0. 90, the lift coefficient at which the aerodynamic 
center moves rearward decreases until at M = 0. 90 the aerodynamic center 
is in the rearmost position for t he total lift region covered. 

Presented in figures 12 and 13 are the span-load distributions and 
the deflections along the wing for Mach numbers of 0.70, 0. 82, 0.86, 
and 0. 90 at an altitude of 30,000 feet. These data are typical of the 
data at the other Mach numbers and at the lower altitude. Both the span
load distribution and the wing-deflection curves are presented per unit 
normal- load factor, and are for the lower lift range. Since the loads 
are referenced to the wing axis system, streamwise or spanwise bending 
moments or torque are not represented. Because the nacelle air load is 
introduced into the wing structure at the nacelle locations, the spanwise 
distribution of torque has discontinuities (fig. 12) at these locations. 
It should be noted that the loads reference axis is also rotated near the 
inboard nacelle, producing an additional discontinuity in torque and 
bending moment at this wing station. The previously discussed rearward 
shift in the aerodynamic center at the higher Mach numbers is reflected 
i n the changed shape of the torque distribution between the lowest and 
highest test Mach numbers. In addition, the nacelle effects mentioned 
previously are also present in the sbear and bending-moment curves, but 
to a much lesser extent. Therefore, the shear and bending-moment curves 
are faired smoothly. 

The deflection curves presented in figure 13 show only the wing 
bending. A reduction of about 18 percent is apparent in the wing-tip 
bending deflection per unit normal-load factor as Mach number is increased 
f rom 0.70 to 0. 90. 'TInis reduction in bending. deflection is associated 
with the inboard and forward movement of the center of pressure as Mach 
number and dynamic pressure increase. The maximum predicted and measured 
twist per unit normal-load factor along the wing axis were each less than 
10 over the speed range of these tests. However, the variation of the 
measured twist was irregular because of reading errors in the measure
ments, therefore, the variations of the measured twist are not presented. 

Air - Load Calculations 

Method and data used in the analysis.- In the experimental data 
presented previously both Mach number and flexibility effects were 
present. For a better understanding of these combined effects, calcula
tions of the air loads were made f or several maneuvers by using one of 
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the available methods, t he method of reference 1. This method, which is, 
in essence, based on lifting-line theory makes use of experimental wind 
tunnel data for determining the air l oads on a flexible wing. Ten con-
trol points on each wing semispan, resulting in 10 simultaneous equations , 
were used to determine the wing span-load distribution. In addition, equa
tions for total airplane lift and balance were included, which resulted in 
a system of 12 simultaneous equations to be solved for the various fl i ght 
conditions. The calculated structural properties of the B-52 and the neces 
sary aerodynami c characteristics determined from wind-tunnel tests were 
obtained from Boeing Airplane Company. 

The basic quantities required for the calculations are shown in fig
ure 14 . Presented in figure 14(a) is the section lift - curve-slope varia
tion along the span at M = 0 as derived from wind-tunnel tests. The 

Prandtl-Glauert Mach number correction for swept wings 1 
J 1 - r# cos 2A 

was used to correct the section lift-curve slopes. Figure 14(b) presents 
the section net zero- lift angles which i nclude the geometric built-in 
incidence and aerodynamic interference. The calculated spanwise dead
weight distributions are shown in figures 14(c) to 14(e). The change in 
total airplane pitching moment for nacelles off and on and external tank 
off and on was obtained from wind- tunnel data supplied by the manufacturer. 
The air loads on the nacelles and external t ank were derived from these 
wind-tunnel data and used in the calculations as pure couples with zero 
normal force. The calculated wing stiffness distributions are shown in 
figure 14(f). 

In order to obtain s ome assessment of the reliability of the calcu
lated stiffness distribution, the calculated stiffness distribution was 
compared with some available experimental data. The data consisted of 
measurements of the wing-tip deflections during the loading required for 
the strain-gage calibration. In figure 15 the deflections are plotted 
against the wing stations at which the loads were applied. The square 
symbols of this figure present experimental defl ections for wing sta
tion 1325 as the deflection per pound of load applied at various wing 
stations . The circular symbols indicate the results obtained by using 
the estimated wing stiffness to calculate the deflections. The calculated 
deflections are appreciably higher than the measured deflections which 
indicates that the wing is somewhat stiffer than originally estimated. 
Since the estimated stiffness (fig. 14) was based on a Wing-root stiffness 
which was reduced to account for sweepback in the wing center section, 
making the front spar relatively less effective, the deflections were 
recalculated neglecting the estimated reduction in stiffness at the wing 
root. The results of this calculation are shown by the diamond symbols. 
Again, it may be noted that the calculated deflections are considerably 
higher than the measured deflections. Next, the deflections were calcu
lated by using an assumed 20- percent increase in the stiffness distribu
tion and the results of this calculation are shown by the triangular sym
bols. This calculation resulted in good agreement between the measured 
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and the calculated deflections. This increase in bending stiffness was 
also checked by comparing the wing deflection measured in flight with 
the deflectiQn calculated by using the measured load and the increased 
stiffness . The results of this comparison are shown in figure 16 . The 
comparison indicates that the 20-percent increase in wing bending stiff
ness results in generally good agreement between the measured and the 
calculated deflections. 

Calculations of the air loads were made for the originally estimated 
bending stiffness, the 20-percent increase of bending stiffness, and for 
a rigid wing. For convenience in the calculation employing a 20-percent 
increase in bending stiffness, a factor of 20 percent was applied to all 
values of the structural matrix, which has the effect of also increasing 
the torsional stiffness by 20 percent. 

Results of air-loads calculations including effects of varying 
stiffness distribution .- Figure 17 illustrates the results of these cal
culations for Mach numbers of 0.56, 0 . 70, and 0.82 at an altitude of 
20,000 feet and Mach numbers of 0.70, 0.82, 0 . 86 , and 0.90 at 30,000 feet. 
The distributions of shear, bending moment, and torque with wing station 
are presented. It should be noted that these quantities are referenced 
to the wing axis system and do not represent spanwise distributions of 
bending moment and torque. The measured data are represented by the 
square symbols, whereas the results of the calculations using the esti
mated stiffness are shown by the circular symbols, and the results of 
increasing the wing stiffness are shown by the diamond symbols. The 
results of a rigid-wing calculation as well as the results of the 
flexible -wing calculations are shown in figure 17(g) for a Mach number 
of 0.90 at 30 ,000 feet . Generally, the comparisons of the measured and 
calculated flexible -wing air loads shown in figure 17 are reasonably 
good and the discrepancies are of an order to be expected when theory 
and flight- test data are compared. By using the original stiffness 
distribution, the calculated bending moments and shear are underestimated 
and the torque values are overestimated for the inboard wing stations. 
The calculated shear curve is in better agreement with the flight-test 
data than either the bending-mOment or torque curves. It is believed 
that for design purposes the discrepancies in torque would be relatively 
insignificant for this high- aspect- ratio wing since the wing strength 
normally would be established from the bending loads rather than from the 
torque loads . The effect of the increased wing stiffness is to increase 
somewhat the outboard loading and, therefore, the bending moments . This 
result is generally true for a sweptback wing with high aspect ratio 
where bending deflections are larger and more important than twist around 
the wing axis. Although increasing the stiffness has produced a somewhat 
closer correl ation between the measured and predicted bending moment and 
shear, the resulting change was relatively minor in relation to the 
discrepancies which originally existed between the measured and calculated 
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bending moment. The effect of the increased stiffness was negligible 
on the calculated torque curves. The small inconsistencies between the 
two calculations of torque at the various speeds are the result of 
rounding off the data in the solutions. 

The result of the rigid-wing calculation shown in figure 17(g) was 
to increase the root bending moment by about 24.5 percent and the root 
shear by about 7.5 percent over the results of the calculation using the 
estimated wing stiffness. 

The differences between the measured and calculated bending moments 
are predOminant in the area inboard of the nacelle locations for the 
bending-moment curves and at the nacelle stations in the torque curves. 
Since the agreement between the measured and calculated flexible-wing 
air loads was much better outboard of the two nacelles for both the orig
inal calculations and the calculations using the increased wing stiffness, 
the effect of varying the nacelle air loads in the calculations was inves
tigated. As discussed previously, the nacelle air loads were determined 
from wind-tunnel tests of the complete airplane model in which the change 
in airplane normal force and pitching moment were measured, nacelles off 
and nacelles on. Since the change in airplane normal force was so small 
in relation to the normal force of the total airplane, only the change in 
airplane pitching moment could be measured. Therefore, only a nacelle 
pitching moment was used in the preceding calculations. It was obvious, 
however, that the nacelles would also carry a normal load. To evaluate 
the effect of using a normal force as well as a pitching moment in the 
calculation, the pure couple at each nacelle was replaced by a normal 
force at 25 percent of the nacelle length, giving the same nacelle 
pitching moment about the loads reference axis at the nacelle station. 
This resulted in a normal force of about 2,800 pounds per unit normal
load factor at each nacelle, which corresponded to a nacelle lift-curve 
slope of about 0.03 per degree at M = 0.86. The wing loads were then 
recalculated using this nacelle load. The results of this calculation 
showed an increase in the root bending moment so that it agreed more 
closely with the measured bending moment, whereas the root shear was 
increased only slightly and the change in torque was negligible. Although 
the results of this calculation are not shown, the changed nacelle air 
load increased the calculated bending moment at wing station 173 (shown 

in fig. 17(f)) from 50.2 x 106 inch-pounds to 51.2 X 106 inch-pounds. 
The shear increased from 120,400 pounds to 12l,800 pounds and there was 
no appreciable change in torque. This calcu~ation and the earlier calcu
lations indicate that the effect of the nacelle loads may be rather large 
in both bending moment and torque, and that for calculations of this 
type it may be important to have wind-tunnel data that adequately define 
the nacelle loads. 

J 
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CONCLUDING REMARKS 

The results of this investigation of the effects of flexibility on 
the wing loads of the Boeing B-52 airplane have, in general, agreed with 
the trends that might be expected for a swept wing with high aspect 
ratio. The following results are considered of general interest: 

l. The effect of wing bending rather than twist about the wing axis 
appears to be predominant in changing the air-load distribution due to 
f lexibility. Because the bending effect was predOminant, the center of 
pressure moved inboard and forward with increaSing dynamic pressure. 

2. The rearward transonic aerodynamic-center movement starts near 
a Mach number of 0.82 for a lift coefficient of 0.35 and with increasing 
Mach number occurs at progressively lower lifts until at the highest test 
Mach number of 0. 90, the aerodynamic center remains in the rearmost posi
tion over the total lift region investigated. 

3 . The measured loads were compared with the loads calculated by the 
method of NACA TN 3030 which makes use of experimental wind-tunnel data 
and calculated wing-structural properties. The comparisons of the 
measured and calculated loads indicated that this method of predicting 
the loads appears reasonable for airplane configurations of this general 
type and speed range. 

4 . To illustrate the effects on the air loads of varying the struc
t ural properties, calculations were made in which the wing stiffness was 
varied. A 20-percent increase in wing stiffness resulted in generally 
small changes in the calculated shear, bending moment, and torque curves 
f or the altitude and Mach number range of these tests. For a Mach number 
of 0. 9 at an altitude of 30,000 feet a rigid-wing calculation showed an 
increase in wing-root bending moment per unit normal-load factor of 
about 24.5 percent with a corresponding increase in root shear of about 
7. 5 percent. 

5. Results of calculations in which the nacelle air loads were varied 
indicated that the nacelle air loads can have a strong influence on the 
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TABLE I - PHYSICAL CHARACTERISTICS 

Airplane (this investigation): 

.. 
• - NACA RM H57C25 
• • • • •• 

Weight, lb ................... . Approximately 290, 000 
Center of gravity, percent mean aerodynamic chord ..... " 25 ±l 

Wing: 
Area, sq ft . 
Span, in. 
Airfoil section: 

Root 
Tip 

Aspect ratio 
Taper ratio 
Root chord, in . 
Tip chord, in . 
Mean aerodynamic chord, in. 
Sweepback of quarter chord, deg 
Incidence angle, deg . . 
Aileron area, (including tabs), sq ft 
Aileron tab area, sq ft 

Wing panel (outboard of streamwise line through the intersection 
of wing station 222 and elastic axis) : 
Area, sq ft 
Span, in . 
Root chord, in . 
Tip chord, in . 
Mean aerodynamic chord, in . 
Span distance from airplane center line to mean aerodynamic 

chord, in. . . . . . . . . ....... . 

Horizontal stabilizer: 
Total area, sq ft 
Span, in. 
Root chord, in. 
Tip chord, in. 
Mean aerodynamic chord, in . 
Taper ratio 
Aspect ratio . . 
Sweepback of quarter chord, deg 
Elevator area, sq ft 
Elevator tab area, sq ft 
Stabilizer angle, deg 
Elevator angle , deg 
Elevator tab angle, deg 

Vertical tail : 
Total area, sq ft 
Span, in. 
Root chord, in. 
Tip chord, in. ~ 

Mean aerodynamic chord, in . 
Taper ratio 
Aspect ratio 
Sweepback of quarter chord, deg 
Rudder area, sq ft . 
Rudder tab area, sq ft 
Rudder deflection, deg 
Rudder tab deflection, deg 

4, 000 
2,220 

BAC 233 
BAC 236 

8 . 55 
0.398 

371 
148 

275·5 
35 

6.0 
77 
18 

1,690 
985 . 3 

346 
148 

260 . 2 

551.5 

900 
624 

332 · 3 
83.0 

232.6 
0 . 250 

3·0 
35 
79 

6 . 8 
+9, - 4 

±20 
±20 

460 
366 
302 
60 

208 . 0 
0 .198 
2.02 

35 
44 · 5 

3·4 
±20 
±20 
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Figure 1. - Photograph of the Boeing B-52 airplane. E-2367 
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Figure 2 .- Three -v iew drawi ng of the test airplane . 
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(a) Airplane response. 
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• NACA RM H57C25 
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Figure 4. - Time history of a typical roller - coaster maneuver. M ~ 0.70; 
hp = 30,000 feet; W = 291,000 pounds. 
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(a) Airplane response. 

Figure 5. - Time history of a typical roller - coaster maneuver. M ~ 0.86; 
hp = 30)000 feet; W = 286 )600 pounds. 
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(a) Shear. 

Figure 6 .- Variation of aerodynamic wing loads at various wing stations 
with airplane nor mal - load factor. M ~ 0.70; hp = 30,000 feet; 
W = 291 , 000 pounds . 
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Figure 6. - Continued. 
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(a) Shear. 

Figure 7 . - Variation with airplane normal-load factor of aerodynamic 
wing loads at various wing stations. M ~ 0.86; hp = 30, 000 feet; 
W = 286 ,600 pounds . 
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(a) Shear . 

Figure 8 . - Variation of wing r oot - s t ation (wing station 222) loads with 
nor mal - l oad f a ctor at various Mach number s . hp = 20,000 feet . 
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Figure 9 .- Variation of wing root - stat ion (wing sect ion 222 ) loads with 
normal - load factor at various Mach number s. hp = 30,000 feet . 
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Figure 14.- Concluded. 

J 
.9 1.0 

+0-
():) 

••• • • ••••• 
• • • ..... 
••••• 

• . . 
••••• 
••••• 

.-
••• 

• 

• • 

• 

• 

• ••••• 
••• • ••••• 

~ 
~ 
(") 

~ 

~ 
p:: 
\Jl 
-.J 
(") 
J\) 
\Jl 



4 
-3 

X IU 

0 
0 

o Calculated 0 
o Measured 0 

3 

o Calculated using increased wing root stiffness 

2 6. Calculated usin increased win 

h in/lb -- , (; 

FN 

o .2 .4 .6 .8 1.0 1.2 1.4 x 103 

Wing station, in. 

Figure 15.- Comparison of measured and calculated wing deflection at 
wing station 1325 per pound of applied load at various wing stat ions 
during static ground loading . 

t'" 

~ 
f) 
:x> 

~ 
01 
--.J 
() 
I\) 
\)l 

••••• • • ••• 
••••• • •• • • 

• 

• 

• • 

• • 
••••• 
••••• • • • 
••••• 
••••• • • • • • 
••••• • • ••• 

+=
\0 



h 
~, 

ncg 

m./g 

60~e--------------------------------------~----~ 

o Calculated using increased wing stiffness 
o Measured 

4 

201 /u 

o 

o .2 .4 .6 .8 1.0 1.2 1.4 x 103 

Wing station, ·,n. 

Figure 16 .- Comparison of measured and calculated wing deflection using 
an increased value of wing stiffness . M ~ 0.86; hp = 30)000 feet. 

\J1 o 

••• 
••••• 

• •• ••••• 
••••• 

• •• ••••• 
••••• 

• • 
• • 

• 

• 
• 

• • · . . ••••• 
• •• • • ••••• 

!<::: 

~ 
;t> 

~ 
51 
--.J o 
I\) 
\J1 



NACA RM H57C25 

--~ - -----------.---~-- ' '---

•• • •• • • • • ••• • • • •• • •• 

• 

••• 

14 3 Ox 10 
o Calculated 

0 u Measured 

• 

• •• • • • ••• • •• • • • •• •• • • 

0 OCalculated usina il)creased stiffness 
0 12 

I~ c '\ 10 

0 
~ 

\ 
8 

6 0 

~ a i'Q 
4 

2 0 "0-0 

0 
<}'Y->. 

6 6 

5 

OxlO ~ 

a 1\ 
c \ 

uq 4 

(1 i~ 

0 
\ 
~, I 

0 r:-o I 
'%~, 

0 
I ",. 

3 

2 

4 6 x 10 (i) 

3 '" (!) 

8 g 
I~ 1 2 

NI~ 8 
2 

...... 
1 d' DO 

--0 A 

o .2 .4 .6 ,8 1.0 1.2 
Wing station, in, 

• ••• •• • • • • • •• • • • • • • 51 
• ••• •• 

Figure 17 .- Comparison of measured and calculated span-load distributions 
per unit normal - load factor . 

J 



•• ••• • ••• ••••• •• ••• •• · • . · . . . ... 
52 • • •• • • • • • •• ••• • 

NACA RM H57C25 •• • •• • • • • • • • •• •• •••• ••••• ••• • • 

12 ~ Ox lO o Calculated 

10 
\ 

o Measured 
o C a IC;~)p~t~g, usi ng 'Increased 

\., 

\ 
0 Ih ,. 
0 

~ 0 --' 

8 

6 

4 

0 f'r.. 
~, 
~ 

0 

2 

60 
6 

xlO 

50 

40 

9 p 

\ 
~ 

3Mb 
30 

onCg 

20 

10 

0 

I\-, 

~n 
€~ 

~ .~ 10:-

5 6 x 10 

I 
4 J:\ 

3 0 
oJ 

oncg 
2 

b. 0 
-

~ N "~ 0 

~ .~ 
~ 

o 2 .4 .6 .8 1.0 1.2 

Wing station, in . 

(b) M = 0 . 70 ; hp = 20 )000 f eet; W = 291)600 pounds . 

Figur e 17 .- Continued . 



NACA RM H57C25 

(c) M 

•• ••• • • • • • • • • •• • • • • • •• ... 

12 3 
Ox 10 b 

10 0 

8 \., 

6 ,\., 

4 0 

2 0 

0 

50 

40 

30 

20 

10 

o 
5 

4 

3 

2 

~ 

\ 

,fA 

xlO 1\ 
~ 

x 10 6 

€ 

i~B 

• • • • • • ••• • •• • • • • • • •• • •• • • • • • • • •• • 

o Colculated 
o Measured <> Calculated using increased 

st iffness 

1\ 
'\. 

l~ 

I::?" 
P&" 

~ l , 
TI~ 

/'¢(). 

\ 
~ ~ 
~ 

~!fI 
~, 

~ 

UV ~ 0 
1 

1'10 ') 
1- 0<>- -{)."'" 

o ,2 .4 ,6 ,8 1.0 1.2 

Wing station, in, 

•• • • • • • • .. 

0 . 82; hp = 20,000 feet; W = 286,300 pounds. 

Figure 17 .- Continued. 

53 



•• 
0 · • · • • .. 

aM b 
on cg 

(d) M 

1 __ 

••• • • · •• • • • ••• • 

140 

120 

100 

so 

60 

40 

20 

o 
60 

50 

40 

30 

20 

10 

0 

4 

3 

2 

o 

••• • .. •• • • • ••• •• • • • . • • •• · • •• • • • • • • • • NACA RM H57C25 
• · • • •• •• . .. 

3 xlO o c:a l cu l at~d 8 Measured 

~ 
CalcLJNted using increased 

st l ness 

1\ 
~ 

R 
) 
~ 
~, 
~ 
~ 

x 10 6 

€ I~ 
\ 
~ 

~ 

~. 
l~ 
~ ~ 

~ 

6 x 10 'g 

1::1 

~ ~~ 

~ ~ ~ () 
h 

'La ~ ~ 
.2 A .6 .s 1.0 1.2 

Wing station, in . 

0 . 70; hp = 30,000 f eet; W 291,000 pounds. 

Figure 17 .- Cont i nued . 



NACA RM H57C25 

oFN 
oncg 

•• • •• • • • • ••• • • • • • • • • 

120 XIO~ 

100 

80 

60 

40 

20 --

0 

• 

F\ 
~ 

--

6 6 
OxlO ~ 

5 0 

4 

3 

2 

0 

0 

\,; 

0 

o 
5 

4 

3 

2 

I 

\ 
&\ 

xlO 6 

() 

0 

8 

~ 

•• . ........ .. 
• • •• • • ........... ... . . • • •• • • • • • • •• •• 

-o y!Jlculate~ 
o Measured 
o C alcYm~~ using increased 

t i 

Ib 

\ 
.~ , 

~ 
~ 

D 

~ , 
~ ~ 

7).. 

-.-

~ N 
~ ~ b? 

~ '--00-~ 
o .2 .4 .6 .8 1.0 1.2 

Wing station, in. 

(e) M = 0. 82; hp = 30}000 feet; W 288}700 pounds. 

Figure 17 .- Continued. 

55 



· . .. ~ ...... . • • • •• ••• •• •• •• •• •• ••• • •• •• •• •• •• •••• •• 

140 3 x 10 
0 
0 

i •••• iIi.:· ... • ••• • • • •••• ••• •• 

----- -
Calcu lated 
Measured 

12 

10 

(> Calcula ted using increased sti ffngs_s 

o-~\ 
0 

oFN 
8 

oncg 
6 

~ 
0 

~ 
0 ~~ 

4 

2 

~, --0 
~, 

0 
B~ 

-{0_: 
60x I06~----~--~----~--~----,----, 

<> 

4d----+-~~--+---_r--_+----~~ 

3Mb 3,a----+----~--+_--~--_+----~--

oncg 

o 
Wing station, in . 

NACA RM H57C25 

(r) M 0. 86 ; hp = 30,000 feet ; W = 286,600 pounds . 

Figure 17. - Continued. 



L NACA RM H57C25 
.. ~.. .. . .. . .. .. ~ 
· •• .• ; ...... Ii· ...... ' · • • • •• • • •• • •• • • • •• ••• •• • • • • •• • •• • • 

140 x 10 3 o Calculated 

••• • •• •• •• ••• •• •• •• •••••• 

4-h 

8 Measured 
Calculated using increased 

stiffness I 
\II 

\ 
" Colcul ate d for r igid wing 

f:J\ 
~. 
0\ 

120 

100 

80 

60 

(~ 
8 

40 

~, 
~ ~ 

"" 

20 

o 
6 6 

Ox 10 Jq 
0 5 

4 0 

3 0 

2 0 

u 

o 
4 

3 

2 

o 

\8 
~ 
~ 

~ . 
I 

~~ I 
8 

~ ~~~ """ 
6 

x lO ~ 

2 1 ~ 
8 
0 

r ~ ~ :J....., 

/ 
~ ~ :~~ 

~ 
u 

l 
.2 .4 .6 .8 1.0 1.2 

Wing station, in. 

(g) M = 0. 90; hp = 30 ,000 feet; W = 285 ,400 pounds. 

Figure 17 .- Concluded . 

HACA - Lan,l.y Field, Va. 

57 



••••• •• • ., .. 
•• • •• ••• 

••• •• • ••• . .~.,. 
• • • ••• • • 

• 


