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NATTONAT ADVISORY, COMMITTEE FOR AERONAUTICS
RESEARCE MEMORANDUM

MEASUREMENTS OF THE WING AND TATI. LOADS
DURING THE ACCEPTANCE TESTS OF
BELT, XS—1 RESEARCH ATRPTANE

By De ¥. Beeler snd John P. Mayer
SUMMARY,

Acceptance flight tests were conducted by the Bell Alrcraft
Corporation on the X581 resesxrch airplane to fulfill contractusl
requirements. Durlng the tests, the NACA obtained preliminesry
measurements of the aerodynsmic loads and handlling quelitles of the
alrplane. The meximm 1ift and buffet boundaries for the airplens
were also determlned. The buffet boundaries and the results of the
load messurements for the alrplane eguipped with a 10-psrcent—thick
wing and an B-percent—thick tail are presented in this paper.

The results show that, sxcept for a momentary increass between
& Mach number of 0.57 and 0.65, the maximum 1ift decreases with
incrsasing Mach number through the range of the tests. The maximm—
1ift veluss obtained during abrupt mesneuvers were higher than those
obtaelned during gradusl masneuvers. Above a Mach mumber of O0.T4,
buffeting of the airplene was experienced before maximm 1ift was
obtained.

The mensuvering end buffeting loads encountered at the high
altitudes of the tests were well within the deslgn loads for the wing
and the horizontal tail up to maximum 1ift and to a Mach number
of 0.80. The wing and the tall loads cbtained in flight have shown
falirly good agreement with wind—tumnel and calculated data.

It is indicated £rom the maximm 1ift and buffet boundary
obteined up to a Mach number of 0.8 that an altitude of 30,000 to

L0,000 feet would be an optimm altitude for proceeding to higher
Mach numbers in the resesrch program of the alrplane.

INTRODUCTION

In connsction with ths WACA-Army flight-research program to
obtain asrodynamic date at high speed, the Bell Alrcraft Company

. UNCLASSIFIED
HENTIAY.
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contracted to bulld & resesrch alrplane capable of attaining transonic
speeds in level flight. During the acceptance teste of the airplane,
the NACA obtained preliminary flight date whilch ssrved as a gulde in
planning further flights at higher speeds and altitudes. The flight
data were obtained from measurements of the loads acting on the airplane
and from the determination of the stablillity and control characteristics

of the airplane.

Reported herein are the resulte of the lomds measurements together
with the maximmm 1ift and buffet bounderies for the airplane. Also
included are applications of the data which may serve as guides in
planning future flights of the airplane to higher speeds and altitudes.

The results of the stebllity and control measurements are reported
in reference 1.

SYMBOLS .
Ve callibrated airspeed, miles per hour
q free—stream dynamic pressure, pounds per square foot

static pressure, pounds per square foot

M free—gtreem Mach mumber

n normel load factor (measured perpendicular to airplane center
line) '

W alrplané gross welght, pounds

wing area, square feet

Cy, 1ift coefficient (Lift/qS)

hP pressure eltltude, feet

L aerodynemic load, pounds

] wing meen aerodynsmic chord, feet #. &'

M, alrplane zero—11ft pitching mnmeq?, tail off, foot;pounds

Cp airplane zero—lift pltching-moment coefficlent at low speed,
° tail off (My/aS¢)

& acceleration of gravity, feet per second per sscond
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b horizontal distance from alrplans center of gravity to
tall quarter—chord station, feet = vo0.5 '

d horizontal distance from wing-fusmelage aserodynamic center
to airplane center of gravity, feet Z.52¢

x horizontal distence from wing—fuselage aerodynemic center
to tail quarter—chord station, feet (xy + d)w2.03”

1/Vl — M2  Glauert campressibility fector

Subscripts: ..

T ball

A alrplans
F fuselags
W wing

DESCRIPTION OF THE AIRPTANE

The research sirplane, designeted by the Army as the XS—1, is a
rocket—propelled strelght—wing airplane. Although two models of the
airplans were flown in ths acceptance tests, one incorporating a IO-percemt—
thick wing and an 8-percent—~thick horizontal stabilizer, and the other
an 8-percent—thick wing and s 6-percent—thick horizontal stabllizer, the
date presented herein were obtained with the 1lO0—percent—thick wing
airplans. Photographs of the airplane are given in figures 1 and 2, and
a thrse-vliew drawing of the alrplans is presented in figure 3. The
dimensional cheracteristics of ths sirplane are listed in table I.

TNSTRUMENTATTON

Stralin gages, used to measure shear and bending moment, were
installed near the wing and tall root statlons as indicated in figure 3.
The shear gages were located on the front end rear spar webs nsar the
neutral axls, ani the bending-moment gasges were located on the skin
near the spar flanges. Calibrated loads were applied to the wing and
the taill at various stations along the span and chord to mske possible
the intsrpretation of the measured strein-gage deflections in terms of
- applied loads. Strain—gage deflections were recorded on a 12-—channel
oscillograph. In addition to the recording oscillograph, standard
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NACA instrumente recording impact pressure, acceleration nsar the

center of gravity, pressure altitude, and control positions were installed
to aild in the evaluation of the measured—loed date. The alrapeed and
altitude recorders were connected to a Kollsmen fixed airspeed head
located at approximately 100 percent of the local wing chord shead of

the wing near the wing tip.

TESTS

The flighte were conducted by launching the XS-1 alrplene from a
modlifled bomb bay of a B—£29 alrplane at various altitudes. On completion
of a powered flight, all fuel was Jettisoned and & glide flight wes
made to landing. The tests were conducted at altitudes from 12,000
to 30,000 feet within a Mach number range of 0.27 and 0.80, and con—
glgted of level-flight stalls, gradual turns to stall, and abrupt
pull-ups to maximum obtainable 1ift and through the buffet boundary.

The greater part of the data presented herein was obtained during
gliding £1light with all fuel Jettisoned.

ACCURACY OF RESULTS

A preliminary cellbration of the pltot-static installation on
the XS-1 alirplane was made up to a Mach number of 0.77. Results of the
calibration indicated that, for these tests, the measured Mach number
was accurate to +£0.01, Since the celibration showed that the position
error was smell, no correction for position error has been made in
evaluating the Mach number. The meesurement of tall and wing shear and
bending moment is accurate to 100 pounds and +3000 inch~pounds,
respectively, 1f errors which might be introduced by the recording
oscillograph due to tempereture and humidity changes are neglected.
Due to errors Introduced in the determinstion of wing loading, dynamic
pressure, and the assumption that the 1ift is equal to the normal force,
the maxjmm error in CLA is approximately +0.04 at the highest 1ift

coefficienta. At the lower 1i1ft coefficients encountered in high-speed
flight the accurecy is better.

METHODS AND RESULTS

Time higtories.— Typlocal time histories of various related
quantities during abrupt pull-ups from level flight to stall and
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 during & gradusl turn to stall are given in figures 4 and 5. The
accelerations reported hereln and used to determine airplaene 1ift
coefficient during buffeting heve besn obtalned from a msan of the
fluctuations of the acceleration record as indicated in figures L4 and 5.
The wing and tail loads within the buffet region are mean valuses of the
measured—load fluctuatlons. Dus to the nature of the sirain—gage
records, however, these values were scmewhat questlionable. Except in
the case of buffeting loads, therefore, the loads data presented in
subsequent flgures were obtalned from polnts obtalned below the buffeting
boundery. The loade presented are measured wvalues corrected for inertis
loads and are therefore serodynamic loeds. The time histories presented
in figures L(b) and 5 for a Mach number of about 0.7 and 0.6k,
respectively, are representetive of low-apeed stells; that 1s, the
maximmm 1ift possible in the particular maneuver is obta.ined before
buffeting of the airplans occurs. The time histories of figure L(a)

are representative of a high-speed stall where buffeting occurs before
meximm 1ift has been reached.

X 2 fe ary.— Data were obbtalned up to Mach numbers
of approximately 0.80 and from 'bhese data flight—test boundaries defining
maximum 1ift and buffeting in terms of alrplsane '1ift coefficient and
Mach number were established and are presented in figure 6. Boundaries
are presented for abrupt maneuvers and gradusl mensuvers. The abrupt
meneuvers conslsted of ebrupt pull-ups, mede as rapidly as possible, to
stall., The gradual maneuvers are unaccelerated level—flight stells and
turns to stall. The boundaries have further been identified by
appropriate symbols for the flight—test points to denote the atbelmment
of buffeting at maxrimum 1ift and to denote the attalmment of buffeting
before meximmm 1ift hes been reached.

The Mach number range in which the meximum 1iPft assoclated with a
glven mesneuver l1s obtalned before or similtansously with the onset of
buffeting is defined in this peper as the meximm-Aift region. The
Mach number renge above 0.7l where buffeting occurs before maximm 1ift
is reached regardless of the type of mensuver 1s defined as the buffet
reglon. These regions are noted in figure 6. In the buffet region it
mey be noted that two boundaries are presented for the abrupt maneuver,
one defining the first ococurrsnce of buffeting, and one deflning maximum
1ift obtained 1n the maneuver.

Alrplane 1lift components.— Flgure 7 shows the conbtrlbution of the
wing, tall, and fuselage to the tobal alvrplane 1lift. The 1lift components
ere glven in coefficient form and are based on the gross wing area.

The components of 1ift due to the wing and tail have been determined
from serodynemic loads obtained from strain-gage measurements, while the
1ift due to the fuselage is the difference between the alrplene total
11ft as determined by the normal acceleration, and the sum of the wing
and tail 1ifts.
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Tell Joeds.— In evaluatling the tail locad, flight conditions were
chosen where the pitching acceleraetion was small or zero. With this
gelectlion, the tall load may be defined as

S
Cmoq &

—_—
1 — M2

nW (1)

M [P

IT=.-.

and may also be expressed as

.
J/ijr“@=4?°+°LAvl-m§9 (2a)

The flight date have been eveluated on the basis of equation (la) and

the results are shown in figure 8 where IT_ — is plotted against
q —

CLA 1 — M2, The data apply specificelly to the fusel—empty condition

where the center of gravity and weight are constant. The slope of the

line in figure 8 is, from equation (la), a measure of the position of

the aserodynasmic center while the intercept ls & measure of Gmo' A

curve derived from the results of wind-—tunnel tests is also included for
comparison. From the slopes and intercepts, the over—ell low-speed
coefficlent Cmo’ the aerodynemic center for the tall-off conditionm,

and the tail load per g, %?3 were determined for the flight and wind—
tunnel dete and are presented for camparison in table II.

Additionel taill—load data were obtalned during powered flights at
various alrplane gross welghts. Since a dlrect record of fuel aboard
was not obtalned during flight, the welght at any inetant was computed
by using a value of the specific fuel consumption, determined from
operational tests of the rocket on the ground, equal to T.87 pounds of
Fuel mixture per second per cylinder. The center of gravity was
computed by assumling & linear variation of the center-of—gravity
posltion between the empty and full weight condition. The data for
all welght conditions temsted are included in figure 9, and the distance 4

is 1ncluded in ths parameter CLA\/l — M to account for the verlous
center—of—gravity positions assoclated with different ailrplane welghta.
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Wing lateral center of 1ift.— Figure 10 shows the variation of
the lateral cemter of wing 1ift with wing 1ift coefficient. The 1lift
center has besen determined from shear— and bending-momsnt measurements
by strain gages located approximstely L4 inches outboard of the wing—
fuselage Junction. Therefore, the lateral center of 1lift as given 1s
the centroid of the loading outboerd of the gage station In terms of
wing semispan. The deta were obtained for Mach nmumbers ranging from
0.40 to 0.80. TIncluded also in Ffigure 10 are lateral—center—of—1lift .
verlations as computed by strlp and the lifting—line theories. The
locations of the centers of 1lift obtalned by thess asthods are determined
on the same basls es for the experimental data.

Buffeting loads.— During flights within the buffeting reglon, an
envelope of wing—end tall—load fluctuations has been established and
evalueted in terms of measured wing and tall buffebting loads. A
variation of measured buffetling loads wilth alrplane 1ift coefflcient
1s presented in figure 11 for a range of Mach number from 0.72 to 0.80.
The buffeting loads glven In flgure 11 are structural loads and include
inertia effects.

DISCUSSION

Maximm 1ift and buffet boundary.— As is shown in figure 6, there
1s a general decrease 1n sirplane meximum 1ift with incressing Mach
number up to a Mach number of sbout 0.57. The maximum 1ift then
increases until & peek 1s reached at a Mach number of 0.65 after which
& general decrease in maximm 11ft contimues wlth increasing Mach
pumber. The peaking of the maximm—11ft curve is charascteristic of
some low—drag alrfolls where, for a small range of Mach numbsrs, the
chordwlse broadening of the low—pressure region more than offsets any
reduction in negative pressure pesks that may occur with increasing
Mach number. At hligher Mach numbers the broadening of the low—pressure
region 1s, in the present case, not sufficient to offset the reduction
in negative pressure pesks, and the maximmm 11ft continues to decrsase
with lncreasing Mach number.

The two points shown in figure 6 to the right of the vertical line
end above the buffeting limit ere believed to represent meximmm 1ift
coefflcients. Thils belief ls based on the fact that thess two pull—ups
were made as repidly as possible and, as indicated in figure 4(a), =
further movement of the elevator even after meximum 11ft had been
obtained caused no further increase In acceleration. Although such
behavior could alsc be gttributed to a sudden Increase in static
steblility or a loss in elevator effectlveness, ths fact that these
two points form a contlnuation of the solld curve to the left of a
Mach number of 0.7l appears to substantiate the bslief that these
are maximum 1ift coefficients. Thus, the meximm-1ift boundsry for the
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alrplane appears to have been established up to a Mach number of
epproximately 0.8.

At Mach numbers greater than O.71 airplane buffeting ls experisnced
at 1ift coefficients less than meximum 1ift. These condlitions are
defined by the dashad buffet boundary in figure 6. Since the first
indication of buffeting is & result of a partial breskdcwn of air flow -
over the wing, the buffet boundary does not necessarily represent a
1imiting boundary for the airplene. In order to attaln meximm 1ift
in the buffet region, the alrplane must be flown through the boundery
end into the buffet reglon.

In the meximm-31ift region higher values of maximum 1ift were
obtalned for abrupt meneuvers than for gradual masneuvers. Thls offect
1s assoclated with the higher angular veloclties 1in the abrupt pull-ups.
Sufficient data have not been obtained to establish the effect of anguler
veloclity on maximm 11Pt.

Alrplene 1ift camponents.— It is shown in figure 7 that the fuselage
of the XS—1 alrplane produces approximstely 20 percent of the total 1ift
of the alrplane at the higher 1lift coefficients. Since the area
Intercepted by the fuselage is ebout 20 percent of the wing ares, 1t
is seen that the fuselage carriles locad corresponding approximetely to
the intercepted wing area, Within the range of the tests it appeers
that any Mach number effect on the distribution of 1lift between the
components is smegll.

ontal—tail loads.— From the results given in figures 8 and 9
and the comparisons of the derived quentities shown 1n table II, 1t
can be seen that there 1s good agreement between the flight and wind—
tunnel values for the aerodynamic center, and the teil load per g, and
reasonable agreement for the pitching-moment coefficient of the wing—
fuselage combinstion. Within the range tested, the loads on the tail
are considerably less then the design values, since the alrplane was
designed Initially for a moment coefficient of —0.1l, and the horizontel
tail wes designed to withstand the load requimed to balance 18g at =
weight of 8%00 pounds.

Wing lateral center of lift.— From the results glven in flgure 10
it can be seen that the wing lateral center of pressure is constant at
the higher wing 11ft coefficlents but, due to a slight weshout of
the wing, moves inboard a very small amount at lowsr litt coefficients.
It is also ssen that the measured results agree very well with predicted
valuss obtalned from elther lifting-line or strip theory. It may be
inferred from the emall smount of scatter that the effect of Mach
numbeg on the center of pressure 1s negligible in ths range from 0.3
to 0.0.
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Wing and tail buffeting loads.— Sufficlent dmte were not obtalned
during the acceptance teste of the airplane to determine the varlation
of buffeting lomds with Mach mmber. However, it is shown (fig. 12)
that there is an increase in wing and teil huffsting losds with an
increase 1n alrplane 1ift coefficlent. Buffeting freguencies of
approximately 14, 25, and 4O cycles per second have been established
from the strain—gsge records. The flrst two values correspond roughly
to the wing and tall first symmetrical bending modes of vibration.
There is no apparent effect of Mach mmmber and 1ift coefficiemt on the
observed frequencies. The magnitude of the buffeting loads for the
Mach number and lift-—coefficisnt rangs tested is relatively low and is
well within design—losd limite of the airplans.

Losd fector snd altitude limit boundaries.— Although the flights
on the XS-1 resported hereln have not glven rise to particulerly ssvere

loads or unsxpected Mach number effects, it is deslreble in extending
the program to carry out fubure tests at altitudes as high as possible
in ordsr to both minimize the impact pressure for a glven Mach number
and to limit the amount of lo2d which may inmdvertently be pleced on

the airplans. The upper boundary given in figure 6 together with the

relation
- 0.
_ ooy,
W/s

has been used to derlve the curves given iIn figure 12. The two wing
loadings shown correspond to the fully loaded conditlion and to the con—
dition where a.p;proxima‘beil,v 1l minate of fuel remsins. The load-

O. 7pM CLA
factor reletion =n = T/S—-— hes also heen used to determlne the
maximum altitnde at which 1 g level £flight is possible at various Mach
numbsrs. These resulits are shown in figure 13 for the same two wing
loadings.

The results shown 1n figure 13 constitute an upper 1imit of
altitude for level—-flight operation with no margin for mansuvering.
The lower altitude 1imit for operation may be obtainsd From figure 12
and 1s determined by the selection of the margin of mensuvearability
required to perform the tests. Assuming that elg mergin is required
for mansuvering, it appesrs on the basls of these limits that the
optimm opereting altitude for future tests would bs between 30,000
and 40,000 feet, the lower 1limit being associated with the higher

wing loa,ding
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CORCLUSIONS

From the data obtained during the acceptance tests of the XS—1 research
elrplene, 1t 1s shown that:

1. The meximum 1ift obtalned in abrupt maneuvers decreases with an
increase in Mach number up to a Mach mumber of 0.80 with the exception
of a minor increase in 1ift between & Mech number of 0.57 and 0.65.

2. The varletion of maximum 1ift obtalned in gradual maneuvers with
Mech number 1ndicated the same trend as in abrupt mensuvers, except that
meximum-11ft values obtalned 1n ebrupt maneuvers were higher than those
obtained in gradual mensuvers.

3. The wing- end tall—load date have shown falrly good agreement
with wind—tummel and calculsted data.

L, The loads encountered up to meximum 1ift and to a Mach number
of 0.80 are well within the design conditions for the wing and horizontal
tall.

5. The optimm altitude for proceeding to higher Mach numbsrs in
the research progrem of the airplane appears to be between 30,000 and
40,000 feet.

Langley Memorial Aeronsutical Iaboratory
National Advisory Committee for Aeronautics

Langley Fleld, Va.
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TABTE T.— DIMENSIONAT. CHARACTERISTICS

OF XS—1 ATRPLANE

Aitrplane:

Welght during acceptance tests:

Lending condition (no Fuel), 1b ¢« « v « « ¢ ¢ ¢ « « &« « + &
Isunching condition (full fuel), ID v« o o o o o 8 o 5 e o o

. 6750
12,000

Center—of—grevity position, percent msan aserodynsmic chord.'
Tanding condition (no fuel) .

Iaunchingcondition(ﬁﬂ.lfael).. c e e e e e e s e e e e e

- & & a @

25.3
22,4

Horizontal distance from airplasne center of gravity to tail

quarter—chord stetion (c.g. 25.3 percent), £%. .

Power plant of rocket motor:

Number of cylinders . . .

Static thrust (each cylinder), ID + « « « « « = « « o o 4 = o o »

Wing:

Area, sq £t (includ.ing section through fuselage)

span’ ft L] L - - L] a

Alrfoil ssection (roo‘b to tip)

Thicknese (percent wing chocrd.)

Aspect ratio
Taper ratio . .

« & & o

- o

-

Mean ssrodymsmic chord, in.
Incidence root chord, d.sg .

Geometric twist, deg .

Sweepback (lead.ing edge), d.eg

Dihedral, deg .« . . . .

Horlzontel tall:
Area, sq £t . . . . .
Thickness, percent chord
Span, £t . . . . . . . .
Aspect ratlo . . . . . .

Elsvator: . .
Area, sq £t « s e e e

. L4 . *

¢« » 9

® e s % & e 92 &
. LI ] L] » . . L .

. & o

Travel relatlve to stebllizer, deg
Chord, percent of horizontal—teil chord

e o & 9 ° ¢ 8 ¢ v .

- o s o

5 & & o ° & @ e A e

13.313

e o o o e

s 8 e - * & a

o e s .. 28
« « . . . NACA 65{—110(a = 1)
T 10
e d ae e e e e e 6
P 2:1
Y N S
s e e e 4 o s e e & o a 2.5
. ¢ « 1° washout root to tip
e s e e e s e e e e 505
e s e s s e e e e e e e - o
s e e e e e e e . ... 2600
S - N
S R B
« e e a2 e e e e e e 5.0
. =}
e « v e« o« « 15 up, 10 down
© s s s v a4 e e o s a 20

NATTONAT. ADVISORY
COMMITIEE FOR AERONAUTICS
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TABLE II.— COMPARISON OF FLIGHT AND WIND-TUNNEL

RESULTS FOR THE XS—1 ATRPLANE

Location of r—al
Source { alrplane Horizontel tail 11:?;: . nt
of aerodynemic loed per g goeﬂimor
tests center, tail (a) wing—fuselage
off, percent ngb:l t on
M.A. c. cm na ion
Flight 8.1 395 —0.06
Wind
tunnsl 6.9 ka2 —%

Bpirplene c.g. at 25.3 percent M.A.C.; W = 6750.

NATIONAL ADVISORY
COMMITTEE FOR AFRONAUTICS
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T TRaT
Figure 1.- Front view of the XS5-1 airplane,
Figure 2.~ Side view of the XS-1 airplane.
. NACA

13






NACA RM No. L7L12 15

57.42
'——_\—— 11"

rear spar front spar

rear spar

front spar

137" 31"
D- shear gage
un x~ bending moment gage

Figure 3.~ Three-view drawlng of XS-1 sirplene showing
location of strain gages for measuring wing and
tail loads.
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