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RESEARCH MEMCRANDUM

COMPARISON EETWEEN FLIGHT-MEASURED AND CALCULATED
SPAN LOAD DISTRIBUTION AT HIGH MACH NUMBERS

By I.. Stewart Rolls

SUMMARY

The spanwvise losding has been computed, by two differsnt
methods, on the wing of an airplane for which pressure—distribution
measuremsnts were avallable from flight teste up to a Mach number of
0.866. One set of the calculations was based on & gensralized
method of the Ilifting-line theory utilizing high-speed wind—tunnel
data, while the other set employs an spproximete semieclliptical
distribution. The comparison between the measured and calculated
distributions has been made on the basis of equal wing—pensl normal~
force coefficlents.

To obtaln a valid comparison it was necessary to consider the
upfloat of the aileron which occurred at the higher Mach mumbers.
A falrly close agreement was obtalned by both methods for theso
conditions, especilally at the highest values of Cy considersd. Tt
wes shown that, up to 0.866 Mach mumber, nsglect of aileron upfloat
in span load calculations might produce a more serious shift in the
span load distribution than would occur from nonconsideration of the
campressibility effects on the section lift—curve slope and engls of
zero lifst. '

INTRODUCTION

A great deal of consideration has bsen given to the accuracy
of computed span loed distribution at high speeds due to the changs
in the distribution occurring at high Mach numbers. Recently, _
measursments of the wing pressure distributions have been made on a
Jet—propelled airplanse in flight up to a Mach number of 0.866
(vreference 1). These data bave given an opportunity for checking
the accuracy of methods of eomputing high—speed span load distribu-—-
tion. This report presents compearisons between messured span load
and span load as computed by two methods.
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In the first case the comparison wvas made betwsen measurced spnn

load distributione and calculated valugs, using the method of
reference 2, a generalized method by which the effects of cumprzus--
ibility and abrupt twist are treated by a process of successive
approximations utilizing gection data. The high-speed soction duts
necossary for this msthod of calculetipg gpan load distribution was
obtainzd fram the results of tests in the Amss 1- by 3-1/2-foot
high-speed wind tunnel.

The second comparison wos mado botween tho moasursd distribu—
~tlone and the calculated distributions bawed on the method of

reference 3 which assumos an approximate semielliptical distribu—

tion of lift.

SYMBOLS
Az airplane normal~acceleration factor (7/w)
b wing span, fest
c wing section chord, fcot

Clg section ad@jtipngl_};§§_cbefficient

cn section normal-force coafficlent,

K &) ]_

C'mM wing—panol bending-moment cosfficient,

[ 5[ or Grmo®) ¢ 3]

Cly .. wing-penel normalfforce coefficient,

[-ébg/;b/ecncd :5}7—5 ]
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airplane normal-force cosfficient (Waz/qS)
Mach number

pressure coefficlent on lower surface of wing

pressure coefficient on upper surface of wing

dynamic pressure, pounds per squars foot - -

ae g poEg

wing erea, square feet

M

chordwise location from leeding edge, Teet

spanwise location from plane of symmetry, feet

=

airplane gross woight, pounds

aerodynamic normal force on airplans, pounds.

N

aileron control~surfacc deflection (positive trailing odge
down), dogrecs

(o]
o

o angle of attack of airfoil seotion, degrees

Qg angle of attack of airplane thrust'axis, degrees

DESCRIPTION OF ATIRFLANE AND INSTRUMENTATION

The airplane used in these flight teste was a turbo-Jet—propslled
fighter. tgures 1 and 2 are photographs of tho airplane as instru~—
monted for flight. A thrse—view drawing showing the spanwiss
locations of wing pressure orifices is presented in figure 3. Ths
basic dimensions of the airplane are presented in table I. Tho
geometric twist of the wing is shown in figure L. - -

Standard NACA photographically recording instrumonts were used
to record the wing orifice pressures and other guantitiss during
flight. A more coamplete description of the instrumontation =nd
accuracy of the experimental date may be found in reference 1.

RESULTS AND DISCUSSION

The primary comparison made in this revort is betwezn the ressursd
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distribution and the calculated distrihution obtalned using the ,
method of reference 2. These calculations are based on a generalized
method of applying lifting-line theory, using a series of successive
approximations; that is, from the fundamsntal downwash equations,

a spanwise dlstribution of downwash angls 1s found for somes injtisal
assumed loasding and, from the diffurencé betwscn the geomstric end
computed downwash angles at each station of the span, the effuctilve
angles of attack are determined. . When tho effectlve angles of

atback srs applied to each section 1lift curve, lift coefficisnta at
sach station are obtained which, when multiplied by the ratio of the
chord at the station to the mean chord, definse a new check distribu—
tion. As a second approximation, an assumsd span loading is tuken
between the first approximation and the check points. Tho yrocess

is continuved until tho check losding coincidbs with that from which
it was derived.

To enable the comparison to be mnode on tho basis of equal wing-
penel normsl-force coefficients, it was necessary to compute the
wing-panel normel-force coefficient varistion with airplunz angle of
attock. These calculations were made by the method of rcfersnce 2,
ueing the two-dimensional section data obtalned on the WACA
651-213(a=0.5) airfoil in the Amss l- by 5—1/2~foot high—spoed
wind tunnel. (See fig. 5.} Tho calculated varistion of wing-panocl
normal~force coefficient with airplene angle of attack are presentod
in figure 6.

The rosults presented in figure T show the comparison botwesn
measured and calculated span load distribution for several wvalusa of
Mach number and airplene normal—forcs coecfficients. In comparing,
the chordwise loading cpc at each individual spanwise station,
consldserable variation between the calculated and maassurcd loading
will be noted at Mach numbers above 0,60.

An earlier report (reference 1) on this same installation
attributed a portion of the inboard shift in the spanwlse lcad
distribution measured in flight to ths upfloating aileron which
occurred in flight at the higher Mach numbers. For the calculated
distridbution shown in figure T, no consideration wes mede for the
effect of an vpfloating aileron. Extrapolating the section dmta
shown in figure 5, for M = 0.84, to the zileron anglos taken from
reference 1 (shown in fig. 8) ths span- load distribution presented

in figure 9 was computed and compared with flight rosults.

Further comparlson of the eectional loading was obtained by
computing the wing-panel bending-moment coefficient based on the
bending moment about the 25-percent semigpan stetion. To enzble
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the comparlson toc be based on the same wing area, it was necessary

to extend the measured data inboerd from wing station 65 (27.8 percent
semispan) to the center line of the fuselage. The errors involved in
this extrapolation are thought to be small. Figure 10 comparee the
bending—moment coefficients for the measured and calculated distribu-
tion as a function of Mach number and airplane normsl~force coeffi-—
clenta. This comparison indicates that the center of pressure for

the calculatod distributions et values of CN of 0.2 and 0.6 is
farther outboard than the center of pressure for the measured
distrioution. By considering the effect of. aileron deflection, voints
spotted on figure 10 at M '= 0.8L,  better agreement is shown. The
best correlation was obtailned for an airplans normel-force coefficisnt
of 0.60 at which time the aileron was floating 4° up, At the lower
vglues of normal-force coefficient the affect of ths upfleating
aileron 1s not as noticeable. .One explanstion for this difference

at the lower valdes of .Cy is the possibility that the results from
the emall-scale model of the 1- by 3-1/2-foot high-speed wind—tunnzl
test indicated a lower velus of control-surface sffectliveness at the
low 1ift cosfficients than at the higher wvalues.

To determine the necessity for using the msthod based on
high—speed~tunnel data and to check the validity of using & low—
spoed method, the dlstribution waes calculated using the usual msthod
of reference 3. This method is based on two assumptions. Firat,
the additional loading coefficient cy,c/Cw is a mean betweon the
wing chord and a semiellipss having the same srsa as the wing, and,
second, the baslce 11ft distribution is & mean between the spsnwise
cember 11ft line and the geametric lift—coefficient distribution
due to angle of twist. The total distribution is ths sum of the
additional 1ift and baslc 1lift distribution, In this method the
alloron is treated .as a case of an sbrupt twlst. No corrections
ara made for the effects of compressibility.

In figure 11, a comparison,lis made between the results of the
calculations performsd using the two different methods. These
comparisons indicate a fairly close correletion in all casss where
the calculations wore made with an aileron angle of 0°. However,
for tho- case shown in figurs 11{c), where the calculations were
corrected for an aileron deflection of 4° up, the bending momont
calculated by the method of referencs 3 is about 20 pesrcent lowsr
than the bending moment derived from rcfersnce 2. -

The date and calculations in this report indicate that, for the
airplans undsr consideration, the effect of alleron deflection is
more critical from the standpoint of spanwise distribution than
the effect of compressibility on section lift—curve slope and angle
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of zero lift. In this particular case with the aileron deflected up,
there 1s an inboard shift in the load thus causing a decroass in the
btending moment; and it is apparent that negleet of the offuct of
alleron upfloat in design calculations of 'loading would be consurv—
ative. It is conceivable, howover, that in some cases wing and
alleron characteristice might be such as to cause a downward dcflec—
tion of the alloron at high Mach nmumbers, “thus producing greater .
bending moments. - It is rqcammendod, thorefore,  -that calculations of
spanwise logding at -the higher Mach mumbers include concidorution of
the cffect of alleron deoflection. In this regard it is apparont
that research is necossary to provide mathods for estimating ailoron
deflections at higher Mach nunbers.

CONCLUDING REMARKS

Over the Mach number range for which tests were made, it was
shown in this perticular.case that considerabls veriation occurrcd
betweon the section normel-force coefficlent cp a8 measured sand as
calculated where no deflection was considered. This domonstreted
the nooesslty of considering the aifleron anglo at high Mach numbors
to obtain a correlation between moesured and calculatod: distribu—
tions. In this case better correlation was obtained beotweon moasurod
and calculated values of span load dlstribution at highor = Arplans
normal—force coefficionts than at lower eirplane normalmfowce
coefficients. Comparison of msasurod and calculated values of span
Yload distributlon showed that the upfloating aileron had a - greatoer
sffect on the span load distribution than changss in lift—curve
slope end angle of zero lift due to campressibility. It is
recamended that czlculations of spanwise loading at high Mﬁuh
numters include the effect of aileron deflectiona,

The difference betwoen tho calculated distributions, using
either roference £ aor 3, and the measured distribution indicated
by these results arc within the accuracy of the preliminery dedign
considorations. Honce, in this particular case tho simplo mothod
(roferencc 3) gave as good an agreemont with test rosults as
reforence 2 but involved approximetely one—third the time ~nd did
not require additionanl tests to obtain airfoil-soction data..

Ames Aeronautical Laboratory,
National Advisory Committse for Aeromautics,
Moffett Fileld, Calif.
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TABLE I.~ BASIC DIMENSIONAIL DATA OF TEST ATRPLANE

NACA 28 Ne. l"a.'.[t'.i:‘..;

. Wing e e

Aresa, square fect .

Span, feet . « . .

. Root chord, fest

Tip chord, feet

Aspect ratioc. . . .

Taper ratlo . . .

Mean aerodynamic chord,

Root section. . .

Tip section « « .+ .

.

-

feot,

Percent line étraight « o .

Aileron

Area aft of hinge line (ons

Incidence, tip chord, degrces

side), Equare

Span, foet (omo ®side) . .« . .

Incidence, rool chord, degrees.

Msan serodynamic chord, feet. .

Hings—line location, percent chord..

T&b Be a ¢ ¢ s s o

Dihodral of trailing edge, degress.

tab

. 52.0
. BT
. 721
. 1.216
. T75.0
aileron

6.72
3.83
o . l.
~0.50;
651213, 220,50

651~213, a=0,50 !

NATTIOWAL ADVISORY
COMMITTEE FOR AERCNAULICS


http://www.abbottaerospace.com/technical-library

r g e

\"ldll!jlu. Logyn

’ "" | ' T < hACA L ;
i A-9620 ,

. o ML . T

Figure 1l.— Three-quarter side view of the test mirplans.

"ON WY VOVN

LIDLV

1 -814



http://www.abbottaerospace.com/technical-library

NACA RM No.

ATGI?

T
1
4
i
i
L]
4

“Figure 2.— Plen view of the test airplane.
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Figure 3.~ Three-view dra wing of the test airpla.ne.
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Wind Tunne/.
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Figure 6 .— Coleculated variation 9f wirng - ,oane/
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Frgure 8 — Variation of aileron angle with Mach
number for the test airplarne.



http://www.abbottaerospace.com/technical-library

CpC, feef

0

G = 20365
= 0037

C= 0298

_ ——— Catculared
_ — — Measured

- o 0008) .
— j-,\[[§,,=a.a/3 Graoos

\

~~—

' =-0.009 o D
an : q;: 0, a3 \
| ¢ = -00035 ~_
—~——
' e S e —
) 0 20 30 40 50 \j'j _ =100
Percent Semispah S l80
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For Mach rnumber of 0.84 Using method of reference E. Al leron deffected .

( see #igTE)for data with aileron undeflected.)

LIDLY 'oN WH VIVN



http://www.abbottaerospace.com/technical-library

NACA RM No. ATG17 Fig. 10

N
\)
>
S
)
© 051 '
C=.6 —__ I
\IV‘ T
~ ] N
\é 04| - \\gé‘f ~4.0°
\ Calculated (&=0)
X _ ——Measure
KN -
Ry 03 o Cakulalions made
;:‘ with afferon floaling yo
I
o
b o2t
N .
“é G2 ﬂ =215
Q ——
» ™ -
N <
> AN
R
S N
N 0 i - .
sg C= 0 @" - /.60
N —_—
D —
g N
3. -0/ I \
? K
§ NATIONAL ADVISORY
—:02 - COMMITTEE FOR AERONAUTICS
3 L i 1
.6 v 8 9
Mach humber, M
Figure /0 .— Varialion of wing ~panel betding -moment

coefficient aboul 4 semispan with Mack number for /e
measyrec /oaa//'ﬂy and the loading coteuvlofed by rmefhod
of refererce 2.


http://www.abbottaerospace.com/technical-library

<, <, feer

CopnF Q0477 Calcwtated ,Boshar (Refs)
Cam 00965 ——-—Colcularted, Schrenk (Ref 3)
CorFl0F7E — —Measured
5F | N,
\ & (for calculations)=0
4 AN
\ e 66
3 r , =
Cani 013
an=0.0/4
~ FOO/5
2 B . N
e \ ) | '
. \ .2
;b G000 == \
CL=0.003 = __
|yl [ a0 cod T \
P i I T = y = _ L2 1 1
0o w0 2w W s 60 o ——
Percent semrspar w = = o
(@ M=460

Figure /Il — Comparison between the spanfoad disliributions colculaled by
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