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SUMMARY

An analytical method of computing the averaging effect of wing-span size on
the loading of a wing induced by random turbulence was adapted for use on a dig-~
ital electronic computer. The turbulence input was assumed to have a Dryden
power spectral density. The computations were made for 1lift, rolling moment,
and bending moment for two span load distributions, rectangular and elliptic.

The results show that the wing-span averaging effect increased with both
span size and turbulence frequency. The rectangular wing-span loading showed a
slightly greater averaging effect than did the elliptic loading. 1In the fre-
quency range most bothersome to airplane passengers, the wing-span averaging
effect can reduce the normal 1lift load, and thus the acceleration, by about
7 percent for a typical medium-sized transport. The bending moment exhibited
results similar to those for the lift but to a lesser degree. The rolling
moment exhibited its greatest effect at low frequencies and small wing-span
sizes. Some calculations were made to evaluate the effect of using a Von Karman
turbulence representation. These results showed that using the Von Karman
representation generally resulted in a span averaging effect about 3 percent
larger.

INTRODUCTION

The gust lcads on airplanes flying through randcm turbulence are atten-
uvated by two effects from those that would have been obtained if the angle of
attack developed by the gusts encountered along the flight path had been applied
directly to the airplane. One of these attenuation effects, called the unsteady
1lift effect, accounts for the penetration of the gust by the wing and for the
buildup of circulation. Investigations into this penetration effect are dis-
cussed in references 1 and 2. The other effect, called spanwise averaging,
results from the fact that in flight through a random turbulence field there is
a variation in the gust-induced angle of attack across the span as well as along
the flight path. This investigation is concerned with the latter effect.

A method for calculating the effect of spanwise averaging on the lift,
rolling moment, and wing bending moment about the wing root chord of a wing
in flight through random turbulence is given in reference 3. This method is
applied in reference 4 to a more detailed calculation of the 1lift for a number
of turbulence spectra and for various types of span load distribution. Similar
calculations for the rolling moment are given in reference 5.

The data presented in references 3, 4, and 5 are limited to a relatively
small number of values of the wing-span parameter B, the ratio of wing span to
scale of turbulence, all of which are much larger than those for current air-
planes. The minimum value of B for which data are given in reference 4 is
0.25, whereas values for actual airplanes range from 0.03 to 0.15. For this
reason, a set of calculations of the 1lift, rolling moment, and bending moment,



covering a wider range of values of [ and encompassing those for current air-
planes, was undertaken. Calculations were made for a range of B from 0.001
to 0.250 for both the rectangular and elliptic span load distributions. 1In
performing the calculations, a Dryden power spectral density representation of
the turbulence was assumed as the input. A portion of these calculations was
used as the basis for a study (ref. 6) which compared the relative magnitudes
of the effects of the unsteady lift and spanwise averaging on lift.

The purpose of the present report, therefore, is to make available the full
set of results obtained from the calculations of spanwise averaging effects on
lift, rolling moment, and root chord bending moment for span ratios covering cur-
rently used airplanes, and to compare the results for two span load distribu-
tions. The results are presented in the form of plots of the spanwise averaging
effect for combinations of nondimensional wing-span and frequency parameters.

The data are applicable to unswept wings in incompressible flow.

A parallel set of computations was made for a limited number of span ratios
using a Von Karman representation of the turbulence. A comparison of the results
for the two input spectral densities is presented in the appendix.

SYMBOLS

The calculations of this investigation were made in the U.S. Customary
Units., Both the U.S. Customary and SI Units are presented.

b wing span, m (ft)
bm
@We
Fpm span averaging factor for bending moment,
bm
toe)
< Ve B=min
()
°/8
Fy, span averaging factor for 1lift, "
tve)
< Ye/g=0
rm
Fem span averaging factor for rolling moment, =
Hy (k') frequency response function of lift due to sinusoidal vertical gust

velocity along flight path

Hym(k') frequency response function of rolling moment due to sinusoidal verti-
cal gust velocity along flight path



K taper ratio correction factor

k? nondimensional frequency along span, egj
L* reference scale length of turbulence, assumed 365.76 m (1200 ft)
ﬁ bending-moment influence function
My (0) =N* for N*> 0 and 0 for N* £ 0
Mp(0,N*) =nN* for N* > 0 and 0 for N* 2 0
r correlation distance between two vertical gust velocities
U velocity along flight path, m/sec (ft/sec)
;3 mean square of vertical gust velocity, (m/sec) 2 Oft/sec)z)
y distance along span measured from centér line, m (ft)
o s
b/2
y'* nondimensional variable of integration along spanwise direction used
only in computing M,
| b
B wing-span ratio, —g
Y (v*) lift or rolling-moment distribution weighting function
n* nondimensional variable of integration along spanwise direction
g = UT, m (ft) |
Ut
° R
T time interval between correlation points, sec

Qbm(k') power spectral density of bending moment, (N-m)2 Olb—ft)z)

P1(k") power spectral density of 1lift, N2 (1lb2)

@rm(k') power spectral density\of rolling moment, (N-m)2 @lb—ft)z)

b (k") power spectral density of vertical gust velocity, (m/sec)?2 ((ft/sec)z)
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@we(k') effective power spectral den31ty of vertical gust velocity acting on
wing, (m/sec)?2 ((ft/sec)

m
@we(k') effective power sgectral density of gust-induced upwash for bending
moment, (m/sec) ((ft/sec)z)

cr

@we(k') effective power spectral density of induced upwash assuming a gradient
across span equal to maximum gradlent for a sinusoidal gust of same
amplitude and frequency, (m/sec) 2 ((ft/sec)z)

@we(k') effective power spectral density of gust-induced upwash for 1lift,
(m/sec) 2 ((ft/sec)

rm
@we(k') effective power spectral density of gust-induced upwash for rolling
moment, (m/sec) ((ft/sec)

Y () gust correlation function of term in parentheses

Wwe(L*o) effective correlation function of gust influence including wing
loading distribution

w circular frequency, rad/sec

PROCEDURE

The procedure followed in the present work was to adapt the analytical
expressions for the power spectra of lift, rolling moment, and bending moment
developed in references 3 and 4 for computation on an electronic digital com-
puter. The program included the options for varylng the spectrum of turbulence
and the wing-span load distribution.

The power spectra were obtained by computing the Fourier transform of the
correlation functions for the effective vertical gust velocity (called upwash
in ref. 3) on the wing resulting fram the influence of turbulence. Since the
development of these equations has been presented in references 3 and 4, only
those equations necessary for following the work done herein are presented.

Lift Equations Used in Computation
The power spectrum of the lift as described in reference 3 is written here
as

®7 (k") = le(k')l2 @we(k') ‘ 1)

where Hj (k') 1is the frequency response function relating lift to sinusoidal
gust vertical velocities along the flight path and is assumed to be constant
across the span. Hj; (k') accounts for unsteady lift effects. The term @we(k')



is an effective power spectral density (PSD) of gust velocity which accounts for
the statistical effects of the variations of gust velocity across the span. The
term @we is of primary concern throughout the remainder of the paper, since it

is this term that is used to obtain the spanwise averaging effects that are dis-
cussed later in the paper.

The expression used to obtain the power spectral density of the effective

gust velocity is the Fourier transform of the corresponding correlation function,
as expressed by the eguation '

o, (k') =55 e~k'O vy (L*) do (2) .
We Ve i

U Yo

The correlation function Wwe(L*o) is, in turn, given by

1 1 ] * * * *
Yy (L*0) = " S1 S‘] Y(Y1) Y(yz) Yy(r) dyy dy2 (3)

where 7Y is the spanwise lift distribution weighting function and V¥, (r) is the
gust correlation function.
The factor Y wused to describe the spanwise lift distributions is 1 for
4
rectangular loading and —\h - y*2 for elliptic loading. The following expres-
i

sion for Y, 1is the correlation function for the Dryden gust distribution:

¥y, (£) =ﬁ< - -r—>e‘r/L* (4)
| 2L*

The quantity r is the correlation distance between two vertical gust velocities
in the plane of flight and is obtained by the equation

b\2 2
r \/(L*O) + <2> (y2 y-,) (5)

Flow charts of the programmed computations are shown in figure 1.

Rolling-Moment Equations Used in Computation

The rolling-moment PSD on the wing due to the spanwise gust distribution
was obtained by a procedure similar to that for the lift. The only differences



were the terms used for the spanwise distribution weighting functions. For
rectangular loading the term was

Y(y*) = y*

and for elliptic loading the term was

4
Y*) = =y V1 - g2 (6)

Bending-Moment Equation Used in Computation

The bending~moment PSD computations followed much the same procedure as
for the lift and rolling moment; however, the expression for the gust-correlation
function was much more complicated. The development of these expressions is
described in greater detail on page 14 of reference 3. The correlation function
for the bending moment is

l 1 1 ~ * * ~ * * * *
Yoo = — M(y .n1> M(ernz) Yw(r) dny dny (7)
© p2eny g V]

~

where M is the bending-moment influence function, and VY,(r) is the same as
for the lift cases. The bending-moment influence function is obtained from

My*,n*) = [(1 = K) My(y*) + K My(y*,n*)] v(n*)

where the vy term is the same as that used for lift. The terms Mp(y*) and
M, (y*,n*) for the root bending moment are given by

1 1
My(0) = - f y* y(y*) dy*
b g

and

M5 (0,n*) n* for n* >0

M5 (0,n*) 0 for n*= 0



The term K is a correction for the effects of wing taper ratio. This term,
discussed in reference 5, enters the present calculations only in the case of
elliptic loading. 1In this case, the value is

1/2

16 (!
K= |Cy+ (Cy +C3)— j \/1 - y*2 y*2 gy* (8)
™ 0 :

The coefficients Cj, Cp, and C3 are functions of the aspect ratio and were
obtained from plots of these coefficients versus a planform parameter presented
‘in reference 7.

COMPUTATIONS AND RESULTS

Computations were made of the effective gust-velocity power spectral den-
sity @we for lift, rolling moment, and bending moment about the root chord.

For each of the above factors, the power spectral densities were computed for
two span load distributions, rectangular and elliptic, through a range of span
ratios B from 0 to 0.25 for lift and 0.001 to 0.25 for both rolling moment
and bending moment. The Dryden power spectrum was used as the turbulence input.

—

The magnitude of the mean square of the gust velocity w2 was 0.3048 m/sec
(1 ft/sec), and the scale of turbulence L* was assumed to be 365.76 m
(1200 ft). 1In nondimensionalizing the frequency parameter (k' = wL*/u) the
value for the ratio L*/u was assumed to be equal to 1.

The results are presented in three groups. The power spectral densities
of the effective upwash for the lift for various combinations of f and span
load distribution are presented in figures 2 and 3, and a comparison of the
normalized data for the two span load distributions is shown in figure 4.
Similarly, results for the rolling-moment computations are shown in figures 5
and 6, and the comparison in figure 7. The bending-moment results are shown
in figures 8 and 9, and the comparison in figure 10.

The span averaging effect is shown by the normalized power spectral den-
sities for various values of B plotted against a nondimensional span-frequency
parameter k'8. The various power spectral densities have been normalized as
follows:

(1) The gust-velocity power spectral density for lift for various values

of B was normalized with respect to lift for a span ratio of 0 (gust constant
across the span).

CAN

Fr, =



(2) The gust-velocity power spectral density for rolling moment for various
values of B was normalized with respect to the case of rolling gusts (sinu-

soidal gusts with velocity increasing linearly with distance from the center
line).

(3) The gust-velocity power spectral density for bending moment for various
values of B was normalized with respect to the minimum B (0.001) for each
span load distribution. A span ratio of zero could not be used because the y*
term in the weighting factor causes the bending moment to go to zero.

bm
@we

F D ec——————
Ye/g=min

The comparisons for the two span load distributions are made for the same
total lift for the two loadings. It is assumed that the lift is proportional
to the wing area; then, for the same wing span, the aspect ratio will be the
same .

DISCUSSION

Lift

1
The effect of span ratio on the lift gust power spectral densities @we

for the two span loadings is shown in figures 2 and 3. The pattern of the data
for various span ratios is essentially the same for both conditions; the values
differ only slightly in magnitude.

The effect of span ratio on averaging out gust angles of attack can also
be seen in figures 2(a) and 3(a) by the decreasing value of the power spectra
with an increase in span ratio, which is heightened with increasing frequency
(decreasing wavelength). This effect of span ratio is shown directly on the
cross plots presented in figures 2(b) and 3(b). For small frequencies (long
wavelengths), the effect of span ratio is negligible because both the large
and small wings are immersed more or less in a similar gust field. However, as
the frequency increases (the turbulence wavelength decreases) or the wing span
increases the wing is affected more and more by the randomness of the turbu-
lence fields.



The data shown in figures 2(c) and 3(c) are the ratios of the effective
gust-velocity power spectral densities for the various values of B normalized
with respect to the power spectra for B = 0 (gust spectrum) at each freguency
plotted against a factor k'B, which is a nondimensional frequency based on wing
span Wwb/U. Figures 2(d) and 3(d) are merely expansions of the upper left cor-
ners of figures 2(c) and 3(c) to obtain a better separation of the curves in the
region.

Figures (2(c) and 3(c)) show that, except for very low values of k'8, the
data for various values of the span ratio fall on a single curve. This curve
represents the attenuation of 1lift due to the spanwise averaging effect as a
function of reduced frequency. 1In reference 6, these data are compared with
the attenuation of lift as a function of frequency caused by unsteady lift
effects. At very low values of k'B, figures 2(d) and 3(d), there is a decrease
in the ratio of the gust power spectral densities with increasing size. This is
believed to be due, as explained in reference 6, to the probability of occasion-
ally encountering a gust which is not uniform across the span. This, of course,
is more likely to occur with a larger wing than with a smaller wing since a
larger portion of the atmosphere is encountered.

A coﬁparison of the attenuations due to the spanwise averaging effect for
elliptic and rectangular wings is shown in figure (4). This comparison shows
that the elliptic span distribution has somewhat less attenuation than the rec-
tangular span distribution. This result should be expected, since for the
elliptic wing a larger portion of the total 1lift is distributed inboard toward
the center of the wing, causing it to behave like a slightly smaller wing.

As an example of the attenuations effect, due to span averaging, on the
1ift and thus on the normal acceleration of an airplane resulting from gust-
induced angles of attack, consider the response of an airplane at about 1 Hz.
Motion at this frequency is very bothersome to the passengers and, unfortu-
nately, both the gust energy and the response of the airplane generally are
high also. For a specific example, consider a typical moderate size trans-
port, b = 45.72 m (150 ft) and U = 223.52 m/sec (733.33 ft/sec), for which
the value of k'B would be 1.28. From figure 4 the ratio of the power spec-
tral densities for the elliptic span distributions is about 0.86. Since the
lift is proportional to the square root of the power spectral density, the
reduction in the 1lift increment due to a constant angle of attack by the span
averaging can be obtained from the expression 1 - {FL. For the airplane
described above, this reduction is about 7 percent.

Rolling Moment

The power spectral densities of the effective gust-induced angle of attack

rm -
for the rolling moment Qwe for the rectangular and elliptic wings are presented

in figures 5 and 6, respectively. For the rolling moment, as for the 1lift, the
patterns of variations for the rectangular and elliptic loadings are similar
with only minor differences for the various conditions. As would be expected,
the variations of the spectra with frequency parameter k' are similar to

(o]



those presented in reference 3. The difference between the values presented
in this report and those in reference 3 is due to the different factors used
for normalization.

The ratio of the PSD of the effective rolling moment due to gusts to that
for a wing subjected to sinusoidal rolling gusts is shown in figures 5(c) and
6(c). The magnitude of the rolling gust at each frequency corresponds to the
assumption that the gradient across the span is equal to the maximum gradient of
gust velocity with distance for a sinusoidal gust of the same amplitude and fre-
quency. It is immediately apparent that, in contrast to the case for lift, the
values for this ratio are very small for all the values of k'B. This result
indicates that the rolling moments generated by flight through the random gust
field are much lower than those for the assumed rolling gusts. The highest
values of the ratio occur at the higher values of k'8, where randomness of the
gusts tends to introduce an uneven angle-of-attack pattern with some resultant
rolling moment., At the low values of k'R, which represent small wings or long
wavelengths, the value of the ratio is lowest since, for these situations, the
wing is more likely to be immersed in a more nearly uniform field; therefore,
there is little rolling moment.

A comparison of the spanwise averaging effect on the rolling moment for
the two loading conditions is shown in figure 7 for three representative wing-
span ratios. The ratios of power spectral densities are slightly lower for the
elliptic lift distribution than for the rectangular. Both sets of data were
normalized by the same quantities (steady rolling representation) and, since
the rectangular loading has a loading representation closely resembling the
normalizing term, its ratio shows directly the effect of span averaging. The
elliptic loading, because of its modification of the load shape, results in a
shorter moment arm and, thus, less rolling moment for a comparable value of
k'8 than does the rectangular loading.

Bending Moment

The power spectral densities for the effective gust velocity for the bend-
ing moment about the root chord are presented in figures 8 and 9. The pattern
of the power spectral density for the bending moment closely resembles that of
the lift, since the bending moment is proportional to the lift function on the
free semispan.

The difference in magnitude of the effective power spectral densities
between the elliptic and rectangular 1ift distributions is probably due to the
relative inward loading for the elliptic distribution, discussed previously,
which results in a shorter effective moment arm.

The spanwise averaging effect shown in figures 8(c) and 9(c) is, again,
similar to that for the lift cases. The bending-moment ratio shown is that for

bm bm bm
by o where |9, is that for the smallest, other than
€/g €/B=min €/B=min

zero, span considered (Bpin = 0.001). Zeroc span could not be used since the
moment has a term proportional to the span; thus, the power spectral density
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would be zero at zero span. At high enough values of k'8, the averaging effect
decreased the power spectral density to about 30 percent of that for the low
values. The bending moment attenuation, which is proportional to the square
root of the power spectral density attenuation, reduced the value to about

55 percent. The expansion of the curves at low values of k'B in figures 8(d)
and 9(d) shows a similar effect to that displayed by the lift power spectral
densities; that is, for the large wing spans the ratios did not reach all the
way up to 1.0. This decrease probably occurs for the same reason, in that a
large wing sampling a larger portion of the atmosphere is more likely to
encounter a patch of irregular gust distribution with a consequent reduction

in overall load. A comparison of the power spectral densities for the effec-
tive gust velocities for bending moments is shown in figure 10 for the two

span load distributions. Thus, some of the effect of the span load distri-
butions was absorbed in the normalization procedure because the data for

B = 0.001 contain some of the span load effect; if it were possible to use

B 0 for normalization, the difference between the curves might be scmewhat
greater. However, there is still some effect of the span loading shape, as
exemplified by the scmewhat greater attenuation for rectangular loading than
for the elliptic loading. The reason for this is similar to that for lift case,
in that for the elliptically loaded wing, its relatively higher inboard loading
causes it to behave like a somewhat smaller wing.

Von Karman Turbulence Representation

The results of computations made using the Von Karman turbulence repre-
sentations were very similar to those for the Dryden representation and, con-
sequently, complete data are not presented. A comparison of the results for
the two input spectral densities is presented in the appendix.

CONCLUDING REMARKS

The effective power spectral densities of the gust input to the 1lift, roll-
ing moment, and root chord bending moment of wings of various spans as a result
of randam turbulence input were computed. The input turbulence was represented
by the Dryden power spectral density and the ratios of wing span to scale of
turbulence encampassed the range of current airplanes. The wing spans are pre-
sented as ratios of the span to the scale of turbulence.

The results developed in this investigation are presented primarily to pro-
vide data on the span averaging effect for wing~span ratios encompassing current
airplane sizes, and to provide a camparison between elliptic and rectangular
span load distributions.

The results for the 1ift camputations showed that the averaging effect of
the wing span was increased with both wing span and the inverse of the turbu-
lence characteristic wavelength. As a result of this lift averaging effect,
the 1ift load on a wing and consequently the normal acceleration of a typical
passenger airplane due to randam turbulence in the frequency range most bother-
‘'some to passengers can be about 7 percent less than the load indicated by con-
sidering the turbulence-induced angle of attack constant across the span. The
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effects for both elliptic and rectangular span load distributions were similar,
with the rectangular distribution showing a slightly (4 percent) greater averag-
ing effect.

The root chord bending moment, since it is directly related to the lift
loading, shows 2 spanwice averaging effect similar to that for the lift. How-
ever, it is somewhat smaller, showing only a 2-percent decrease in the bending
moment over that which might be expected when the turbulence-induced angle of
attack is considered constant. The effects for both an elliptic span load dis-
tribution and rectangular distribution are similar with the rectangular distri-
bution showing a slightly (1 percent) greater averaging effect.

The rolling-moment span averaging effect was opposite to that for the lift
or bending moment. Most of the effect occurred at the longer wavelengths rather
than at the shorter wavelengths.

Using the Von Karman turbulence representation instead of the Dryden had
only a minor effect on the results. The pattern of the data was the same and
the magnitude differed only slightly. The span averaging effect on the 1lift
and root chord bending moment was slightly greater for the Von Karman data (about
2 to 3 percent) than for the Dryden data. The rolling moments for the Von Karman
spectrum were slightly larger. '

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665 :

July 6, 1978
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APPENDIX

SPAN AVERAGING EFFECTS USING A VON KARMAN
REPRESENTATION OF THE TURBULENCE

A set of span averaging effects similar to those for the Dryden turbulence
representation discussed in the main body of the report, but using the Von Karman
representation of the turbulence, were made for both rectangular and elliptic
span load distributions, The computational procedure was parallel for the two
sets of data and therefore is not repeated; the difference consisted of substi-
tuting the following correlation function for the Von Karman gust distribution:

—— r r r r
Vo, (r) = w2(0,59253)3 K ) - K (A1)
W 1.339| /37,330 2(1.339) 23\1 339

for the Dryden function in equation (4).

1.339 1.339

r r
The terms K1/3< ) and K2/3(————-) in the Von Karman correlation
r
function are modified Bessell functions of the second kind of argument < )

and order 1/3 and 2/3, respectively. 1.339

The computations for the Von Karman data were made for only 5 span ratios
(g = 0.0, 0.031, 0.063, 0,125, and 0,250) rather than the 10 for the Dryden
because the Bessel function computations increased the computer run time by more
than a factor of 5.

The results of the computations using the Von Karman gust representation
were very similar to those obtained for the Dryden representation, differing
only by a relatively small magnitude. A presentation of the entire body of data
was not, therefore, considered necessary. However, figures showing comparisons
for the two turbulence representations are presented.

A comparison of the two input turbulence spectral densities is shown in
figure 11.

The comparisons of the effective gust power spectral density for lift for
the four conditions - elliptic and rectangular span load distributions for both
the Dryden and Von Karman gust representations - are shown in figure 12, The
span averaging effect obtained when the Von Karman representation of the turbu-
lence field was used was slightly greater than when the Dryden representation
was used. For the example airplane discussed in the main body of the text, this
increase in span averaging effect was about 3 percent (10 percent compared with
7 percent). This result is in agreement with the results discussed in refer—
ence 8 where only the acceleration was considered and where it was mentioned that
the normal acceleration weighting factor was somewhat less for the Von Karman
than for the Dryden representation.,
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APPENDIX

The comparisons of the effective gust inputs for the root chord bending
moment for the four conditions are presented in figure 13. Here, as in the
case of the 1lift, the Von Karman data showed a slightly greater span averaging
effect than the Dryden data (4 percent compared with 2 percent for the same
airplane example).

The comparisons of the effective gust inputs for the rolling moments for
the four conditions are shown in figure 14. The comparison here showed that
the Von Karman representation of the turbulence resulted in slightly greater
rolling disturbances than did the Dryden representation.,
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Figure 2.- Effective gust-velocity power spectral densities for 1lift computed
for rectangular span load distribution and a range of wing-span ratios.

The curves have been nondimensionalized for w2 = 0,3048 m/sec (1 ft/sec)
and L* = 365,76 m (1200 ft).
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(a) Effective power spectral density plotted against nondimensional
frequency for various span ratios.

Figure 3.- Effective gust-velocity power spectral densities for lift computed
for elliptic span load distribution and a range of wing~-span ratios. The

curves have been nondimensionalized for w2 = 0.3048 m/sec (1 ft/sec) and
L* = 365.76 m (1200 ft).
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Figure 3.~ Continued.
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(a) Effective power spectral density plotted against nondimensional
frequency for various span ratios.

Figure 6.~ Effective gust~velocity power spectral densities for rolling
moment computed for elliptic span load distribution and a range of
wing-span ratios. The curves have been nondimensionalized for

w2 = 0,3048 m/sec (1 ft/sec) and L* = 365.76 m (1200 ft).
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(a) Effective power spectral density plotted against nondimensional
frequency for various span ratios.

Figure 9.- Effective gust-velocity power spectral densities for root chord
bending moment computed for elliptic span load distribution and a range
gg_wing—span ratios. The curves have ‘been nondimensionalized for

w2 = 0.3048 m/sec (1 ft/sec) and L* = 365.76 m (1200 ft).
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Figure 9.- Continued.
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