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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE NO. 1528 

TESTS OF A 450 SWEPTBACK-WING MODEL 

IN THE LANGLEY GUST TUNNEL 

By Harold B. Pierce 

SUl+fARy 

o 
A series of tests of a 45 sweptback-wing model with and without 

fuselage and of an equivalent straight-wing model were conducted in the 
Langley gust tunnel to provide information on some of the problems 
encountered in the prediction of gust loads for airplanes incorporating 
swept wings. A comparison of test results with calculated results 
indicated that the maximum acceleration increment resulting rrom the 
penetration of a gust by a sweptback-wing airplane may be assumed to be 
dependent on t he slope of the lift curve of the equivalent straight wing 
multlo11ed by the cosine of the angle of Bweep1rather than on the steady­
flow slope of the lift curve. In addition, it appeared that the maximum 
acceleration t ncrement also de~ends on the effect on the unsteady-lift 
function of the gradual penetration of the sweptback wing into the gust. 
A comparison of the maximum acceleration increments obtained for the 
swept-wing model with those obtained for the st~ai ght-wing model indicated 
that, although the a irplane with a swept wing would show positive pitch i ng 
motion, it would undergo a much lower acceleration increment than the same 
airplane with the equivalent straight wing. 

INTRODUCTION 

One o~ the problems associated with improving high-speed flight by 
the use of wlngs with large angles of sweep is the prediction of gust 
load factors. Some of the elements to be considered in the calculation 
of gust loads for these wing conf'igurations include: (a) the prediction 
of a slope of the wing-lift curve, (b) the determination of the effects 
of the gradual penetration of a swept wing into a gust, and (c) the 
possible increase in fuselage-interference effects such as described in 
reference 1. Other elements to be considered are the effects of cam­
pressibilityand of wing flexIbility. The problems cited concerning the 
slope of the wIng-lift curve, the penetration effect, and the fuselage­
interference effect depend primarily on the wing configuration alone and 
are important in setting the magnitudes of the gust load factors for swept 
w.lngs relative to those fo~ the conventional straight-wing airplane on 
which much information is already available. On the other hand, the 
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pr oblems resul ti ng from compress i bil i ty are common to all wing confi gu­
rat i ons, whereas the problem result i ng from wing flex i bil i ty that 1s 
pecul i ar to the swept-wing confi gurat i on, namely, wing twist due to 
bend i ng, depends to a great extent on the structural properties of the 
i nd i vidual de s j gn. 

As a s t art ing point, analytical studies together wi th suitable tests 
were made i n the Langley gust tunnel in order to provide information 
pert i nent to these probleIilB exclusive of compressibility end flexibility 
effects. Thi s paper presents the results of gust-tunnel tests of a model 
havi ng a r i gi d wi ng with the half-chord line swept back 450 and the 
results of tests of an equi valent model having 00 sweep. The test results 
are compared wi th the results of analytical studies, and some information 
on the determ.ination of a wing-lift-curve slope and on the entry­
int erference and f uselag&-interference effects is obtained. 

APPARATUS 

Photographs of the skeleton models used in the tests are shown as 
f i gures 1 and 2, and plan-view line drawings are shown as figures 3 and 4. 
A removable fuselage was provided for the sweptback-wing model (f i g. 5 
and dashed lines in f i g. 3) so that tests to determine the effects of 
fu sel age i nterference ' could be made with the same model. The character­
istics of t he models and the test conditions are listed in table I. In 
order to pr ov i de s pace for batteries and the accelerometer in the wi ngs 
of the mod els , t he center sections had smooth bulges which projected from 
t he top and bottom surfaces and wh i ch about doubled t he wi ng th i cknesses. 

The wing of the straigh1i-wing model (fig. 4) had 00 sweep of the 
straight line through the half-chord pointe and an NACA 0012 airfoil 
section perpendicular to this line. The wing of the swept-wing model 
was derived from that of the stralghtr-wing model, or from the equivalent 
straight wi ng as it will be hereinafter called, by rotating the straight 
wing about the half-chord point at the plane of symmetry 80 that the 
constant length half-chord line moved back through an angle of 450 • The 
wi ng t i p was modified to the form indicat ed in figure 3. 

Force tests were made in the Langley fre&-flight tunnel of the 
equivalent strai ght-wing model and of the sweptback-wing model without 
fuselage, and the results are shown i n figure 6. The slopes of the lift 
curves of the models as determined by these t ests are i ncluded in table 1. 

The present Langley gust tunnel is the same i n prinCiple as the gust 
tunnel descr i bed i n reference I and utilizes like instrumentation and 
technjques. The capacity of tbe gust-tunnel equipment now used is such 
that tr-footr-span models can be flown up to speeds of 100 miles an hour 

------~ ------- --- ----
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through gusts with velocities up to 20 feet per second. The guet or jet 
of air supplied by the Langley gust tunnel is 8 feet wide and 14 feet 
long and, at the present time, is screened with special wire-mesh 
screening to insure a reasonable low level of turbulence. 

TESTS 

Tests of the sweptback-wing model consisted of nine flights of the 
model with and eight without the fuselage through the sharp-edge gust 
shown in figure 7(a). Teets of the equivalent Btralgh~wing model 
consisted of 10 flights of the model through the sbarp-edge gust shown 
in figure 7(b). The tests were all made for a forward speed of 60 miles 
per hour and a gust velocity of approximately 10 feet per second. 
Measurements of the forward speed, gust velOCity, normal-acceleration 
increments, and pitch-angle increment were made during each flight. 

RESULTS 

Records for all flights were evaluated to obtain histories of 
the normal-acceleration increment and pitch-angle increment during 
traverse of the gust. Representative histories of results for tests in 
a sharp-edge gust of the sweptbac~wing model with ,and without fuselage 
and for tests of the equivalent straight-wing model without a fuselage 
are shown in figure 8(a). The results are plotted against the position 
of the airplane center of gravity in terms of mean-aerodynamio-chord 
lengths of travel fram the leading edge of the Langley gust-tunnel test 
section. 

Histories of events for the eweptback-wing model penetrating a gust 
with a gradient distance of 9 chords were obtained ~y building up by 
superposition the histories obtained in the sharp-edge gust under the 
assumption that the shar:p-edge gust could be considered to be a "unit­
jump" type gust. The gradient distance of 9 chords was the maximum that 
could be obtained,since the method is limited by the extent of the 
original histories. For the pu-pose of determining the maximum value of 
the built-up curves, the histor i es were extrapolated an extra chord length. 
For comnarat ive purposes, the h i stories of events in the sharp-edge gust 
for the equivalent strai ght-wing model were also bu i lt up to represent 
the response of the model i n a gust of 9-chord grad i ent d i stance. Sample 
histories of responses to a gust wi th a gradient d i stance of 9 chords are 
shown in figure 8(b) for the equivalent straight-wing model and for the 
BWeptback~wing model with and without fuselage. 

The maximum acceleration increments 6n obtained from tests of the max 

j 
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450 sweptback-wlng models in the sharp-edge gust and those obtained from 
the building up of the results to represent the response to a gust of 
9-Chard gradient distance are presented in table II. Since the model 
weights were different (table I) and each flight was made at slightly 
different values of forward velocity and guet velocity, the maximum 
acceleration increments were all corrected to a model weight of 
9.25 pounds, a forward velocity of 60 miles per hour, and a gust velocity 
of 10 feet per second on the assumption that they are inversely pro­
portional to the ~odel weight and directly proportional to forward speed 
and gust velocity (reference 1). 

PRECISION 

The measured quantities are estimated to be accurate within the 
following limits for any test or run: 

Acceleration increment, 6n, g units • • 
Forward velocity, feet per second • 
Gust velocity, feet per second •••• 
Pitch-angle increment, degrees •••• 

.. to.05 
t 0.5 
to.l 
± 0.1 

In any given flight, small variations in the launching speed or 
attitude of the model tend to produce errors in the acceleration increment 
which are a function of the pitching motion of the model. In most cases 
the tendency is to introduce an upward pitching velocity, which may remain 
constant throughout the traverse (reference 2). It is not possible at 
present to eliminate such errors by means of corrections to the data. 
Consideration of all factors involved, however, indicates that the results 
from. repeat flights should have a dispersion of not more than to.05 g for 
a shar~dge gust. Similar considerations indicate that the dispersion 
should not exceed t 0.1 g when the responses to the sharp-edge gust are 
built up to represent the responses to a gust with a gradient distance of 
9 chords. 

ANALYSIS 

Calculations to predict the responses of the equivalent straight-wing 
model and of the 450 sweptback-wing model without fUselage to the test 
gust were made under the followrng assumptions: 

(1) The pitching motion is neglected. 

(2) The w~ngB are rigid • . 

(3) Only the load increment on the wing is considered. 
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The foll owing equation, deri ved from equation (1) of reference 2, 
may then be cons i dered to determj.ne the acceleration i ncrement of an 
airplane in a gust at any point sl: 

1\_ _ pmVS 
L..lU.- 2W 

where 

p 

m 

v 

S 

w 

s 

tsn( s ) 

c 

acceleration i .ncrement, g units 

mass density of air, slugs per cubic foot 

slope of wing-lift curve, per radian 

forward velOCity, feet per second 

wing area, square feet 

weight of model, pounds 

d i stance penetrated into gust by foremost poi nt of 
lead i ng edge of wing, chords 

d i stance penetrated i nto gust by foremost point of 
lead i ng edge of wing at which acceleration increment 
i a to be deterndned, chords 

h i story of acceleration increment expressed as a 
function of • 

wing chard length, feet 

2 acceleration due to gravity, feet per second 

guet velocity, feet per second 

unste~lift function for an airfoil penetrating a 
sharp-edge gust expressed as a function of 81 - 8 

unste~lift function for a sudden change of angle of 
attack over entire wing expressed as a function of 
81 - 8 

5 

(1) 

I 
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For the ~urpose of this paper, 

lift coefficient at any distance s 
infi nite distance has been traversed 
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CL and C~ are the ratios of the 
togthe lift coefficient after an 
(steady flow). 

In the solution for the response to the sharp-edge gust, equation (1) 
may be reduced as follows: 

pmWS 
2W 

(2) 

where CL (s) is the unsteady 11ft function for an airfoil penetrating 

a Shar~~ge gust expressed as a function of s; IcL (s n is the 
L' g ~ sl 

value of the function at sl; and w is successively, in the iteration 
for solution by the graphical method given in reference 3, the history 
of the vertical velocity determdned ~am the history of the first term 
of equation (2) and then ~om the histories of 6n until convergence. 

In accordance with the results of past analyses, such as 'in 
references 1 and 2, unsteady-lift functions for two-dimensional flow 
(infinite aspect, ratio) were used and the neglect of the influence of 
the tip vortices was assumed to be accounted for by the use of the slope 
of the 11ft curve of the thre~1mensiona.l wing. In ina.king the calcu­
lations, the slopes of the wing-lift curve determdned by wind-tunnel 
tests were used for both models. In addition, calculations were made 
for the sweptback-wing model with the use of a slope of the lift curve 
determined by the so-called "cosine law," which is the process of 
mult iplying the slope of the lift curve of the equivalent straight wing 
by the cosine of the angle of sweep (reference 4). The unete~lift 
functions ~g ' and C~ were derived from the fUnctions for infinite 

aSTlect rat i o given by .Jones i n reference 5, and these fUnctions were used 
i n the calculations for the equi valent etraight-wing model. In the 
calculat i ons for the sveptback-wing model, however, the function CL g 
wae mod i f i ed by strip theory to take into account the gradual penetration 
of the sweptback wi ng into the gust. The curves for C~ and C

Lg 
mod ified and unmodified are given in figure ,9. 

The maximum acceleration increments determined by equation (2) for 
the sharp-edge gust and those determined by building up by superposition 
for the gust of 9-Chord gradient distance are included in table II for 
both slopes of the lift curve used. 

For comparative purposes, results of calculations made by the method 
of reference 6 far the shar~dge gusts and for the gusts with 9-Chord 
gradient distances are also included in table II. The slope of the lift 
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Curve used was derived by the cosine law. Tha equations of reference 6 
are a solution of equation (1) of the present paper using an unmodified 
curve of CL ; and, in the case of gradient gusts, the additional 

g 
assumption ie made that the acceleration increment reaches a maximum value 
at the same time the gust reaches ita maximum. 

DISCUSSION 

Examdnation of the test results given in figure 8 ehows that 
appreciable pitching motion is present at the time of maximum acceleration 
increment for both the aharp-edge and 9-chord-gradient-distance gusts. 
In order that the comparison of the experimental data with the calculated 
data be valid, the effect of the pitching motion was removed from the 
experimental data of ~ shown in table II by use of an approximate 
correction such that 

where ~axO represents ~ reduced to zero pitch and ~ is the 

nitch increment in degrees at the time of occurrence of ~. This 
a~proxjmate correction factor has been shown to be applicable in the 
unnublished results of several ser ies of tests made in the Langley gust 
tunnel. The resultant values of ~ reduced to zero pitch are given 
i n table II. 

When the exper imental results reduced to zero pitching motion are 
compared wi th the calculated results in table II, good agreement between 
these results ie noted in the caBe of the equivalent straight-wing 
model. The comparison for the sweptback-wing model shows that the best 
agreement with experiment is obtained with the results calculated by the 
method of this paper by the use of a lift-curve slope derived by the 
cosine law. The good agreement between calculated and experimental 
results for the equivalent straight-wing model indicates that, for tlJis 
case, the slopes of the lift curve are about the same in both th~ steady­
flow and unsteady-flow or gust conditi ons. For the sweptback-wing mode~ 
however, the slope of the lift curve in the unsteady-flow or gust condition 
appears to be about 20 percent higher than the measured slope in steady 
flow. It is believed that this difference can be ascrjbed to the behavior 
of the boundary layer in the unsteady-flow conditi on; but, at the present 
time, sufficient evidence to support thi s premise is not ava.ilable. 

The comparison in t able II cf the resluts of the calculation by 
the present metbod, whjcb uses the modified curve of CL of figure 9, 

g 
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with the results of the calculations by the method of reference 6, 
which uses a curve of CL similar to the unmodUied curve in figure 9 

g 
(both methods using a lift-curve slope derived by the cosine law), 
indicates that the effect of the gradual penetration on the unsteady~ 
lift function CLg should be taken into account in a calculation for 
gust loads on sweptback wings. The reduct i on of area under the curve 
of CL caused by the modif i cation for the pel".etration effect is, of 

g 
course, the reason for the lower values of acceleration increment pre­
dicted by the method given in this paper. 

The effect on the maximum acceleration increment of the addition 
of the fuselage to the 8Weptback-w1ng model appears to be negligible 
when the results are reduced to zero pitch (table II). It ia probable 
that this condition i8 due to the fact that with the particular con­
figuration used, the length of the fuselage is not a great deal different 
from the distanCe along the flignt path fram the leading edge of the wing 
center line to the trai ling edge of the wing tip. For a normal straight­
wing airplane, the chord length of the fuselage is three to four times 
that of the wing; and tests with and without a fuselage would probably 
show a difference in maximum acceleration increment. 

The pitching motion of the two models is shawn in figure 8 and the 
effect of the pitching motion on the measured acceleration increments 
is shown in table II. For the 450 sweptback-wing model, the positive 
pitching motion accounts for about a 100percent increase in acceleration 
increment over the no-pitch motion when the small effects of the fuselage 
on the pitching motion are ignored. On the same basiB, the positive 
pitching motion of the equivalent straight-wing model would account for 
about a 4-percent increase in acceleration i ncrement over the no-pitch 
condition. If it i s assumed that the equivalent straight-wing and the 
swept-wing models have the same stability characteristics, the effect 
on the total acceleration increment of the positive pitching motion of 
the sweptback-wing model appears to be some 6 percent greater than the 
si~ilar effect for the equivalent straight-wing model. Such a trend 
might be expected from a general consideration of the effect of the 
gradual immersion of a sweptback wing in a gust as compared with the 
almost instantaneous i~ersion of the entire span of a straight wing. 
Although there were no comparable equivalent-straight-wing model tests 
to provide a basis for determini ng relative pi tch effects, unpublished o . 
tests of a tailless model having a wi ng swept back 30 also showed a 
trend t oward positive pitching motion and i ncreased acceleration i ncre­
ments. On the basis of th i s limi ted information, then, it appears that 
airplanes having ~wentback wi ngs will exhibit a tendency toward pos i tive 
pitching mot i on upon entry into a gust. 

The comparison in table II of the observed acceleration increments 
for the equivalent straight-Wing and the swept-wing models shows a 
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large reduction i n acceleration jncrement in the same gust for the 
sweptback-wing model, whJ ch appears to result from the penetration 
effect on the curve of CJ combined with the reduction of the slope 

'g 
of the wing-lift curve by the rotation of the wing through the angle 
of sweep. It appee.rs, then, that an airplane wit.h a sweptback wing 
would have a much lower acceleration increment i~osed on it from 
penetration of a gust than would the same airplane with an equivalent 
st.raight wing. 

CONCLlJDING REMARKS 

Within the limits of the deta, the excellent agreement in the 
no-p i tch condition between the test results for a 450 sweptback-wing 
model and the results of the calculat i on by the method presented 
indicated that the maximwn acceleration increment exnerienced in a 
gust by a 8weptback-wing airplane depends on: (1) th~ slope of the 
lift curve of the equivalent straight-wing ~ltiplied by the cosine 
of the angle of sweep rather than on the steady-flow' slope of the 
lift curve and (2) the effect of the gradual penetration of the gust 
on the unsteady-lift function. 

In addition, the results of the tests indicated that in a gust 
the acceleration jncrement of an airplane with a swept wing would be 
much less than that for the same airplane with an equivalent straight 
wing, even if the trend toward positive pitching motion that is indi­
cB.ted for airplanes having large angles of 8weepback 1 s cons idered. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautice 

Langley Field, Va., October 8, 1947 

9 
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TABLE I 

CHARACTERISTICS OF MODELS AND TEST CONDITIONS 

We i ght, W, Ib 

Wi ng area, S, sq ft . 

Wing load i ng, wls, Ib/sq ft • 

Span, b, ft • 

Mean aerod..ynam1c chord measured in 
plane parallel to plane of 
symmetry, c, ft ••••••• . . . 

Aspect ratio, b2/S · . . . . . . . . . 
Root chord, ce, ft •••••••••• 

Tip chord, Ct , ft · . . . . . . . . . 
Taper ratio, Ct/cs · . . . . . . . . . 
Sweep angle of half-chord line, deg • • 

Wing area intercepted by fuselage, 
percent grOBB wing area •• • . . . 

Slope of lift curve det ermined by force 
tests, per radian • • • • • • • •• 

Slope of lift curve determined oy 
multinlying lift-curve slope of 
equ i valent straight wi ng by cosine 
of sweep eagle, per radl~ • . • . • 

Center-of-gravity nos i tion, percent c . 

Gust velocity, U, fps .• 

Forward velocity, V, mph 

Swentback-wing model 
" Equivalent 

Without With straight-
fuselage fuselage wing model 

9 .25 

6.05 

1.53 

4.25 

1.4777 

2.99 

1.90 

0.95 

0.5 

45 

o 

2.58 

3.12 

32.45 

10 

60 

9.75 

6.05 

1.61 

4.25 

1.4777 

2.99, 

1.90 

0.95 

0.5 

45 

15.8 

3.12 

32.45 

10 

60 

9.875 

6.00 

1.64 

6.00 

1.037 

6.00 

1.33 

0.67 

0.5 

o 

o 

4.41 

4.41 

31.25 

10 

60 

~------------ ._-" _ .. - _ ... -



Gradient 
distance 
(chords) 

0 

9 

0 

9 

- -----_._---_._---------_._----------- -----

TABLE II 

COMPARISON OF EXPERIMENTAL AND CALCULATED 

MAXIMUM ACCELERATION INCREMENTS 

Exper imental Experimental ~ Calculated 6nmax by 

~ reduced to zero pitch present method Calculated ~ 
(8 units) (8 units) (8 un1ts) 

from reference 6 
(8 units) 

Without With Without With Cosin~law Measured 
fuselage fuselage fuselage fuselage slope steady-flow 

slope 

EquiTalent straight-wing model 

2.11 - -- 2.03 --- 1.96 1.96 2.00 

1.73 --- 1.67 - -- 1.65 1.65 1.72 

450 sweptback-wing model 

1.48 1.43 1.34 1.34 1.35 1.12 1.41 

1.13 1.12 1. 03 1.03 1.05 .87 1.22 

~ 

j---> 

I:\:) 

~ o 
~ 

1-3 
Z 
Z o 

j---> 

CJ1 
I:\:) 
co 



Figure 1. - Sweptback-wing model without fuselage. 
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Figure 2. - Equivalent straight-wing model. 
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C.50c of equwo/enf 
sfrO/ghf wIng 

Figure 3 . - 45 °sweptbac k wIng model . 
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Figure 5. - Sweptback-wing model with fuselage. 
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(a) 4-5° swepfback-wlI79 mode/. 
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Dgure 9 - Curves of CLg and CLd, for Inf)rllfe Qspecf ratio bosed on JoneS" 
unsfeody-Ilff funcftons ( reference 5). 

. . 

16 

~ o 
~ 

r3 
Z 
Z o 

....... 
C)l 
~ 
(X) 

~ 
C)l 


