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INVESTIGATION OF LOW-SPEED, POWER-OFF STABILITY AND CONTROL
CHARACTERISTICS OF A MODEL WITH A 35° SWEPTBACK WING
IN TEE LANGLEY FREE-FLIGHT TUNNEL

By Robert 0. Schade
SUMMARY

An investigation has been made in the Langley free-flight tunnel to
determine the low-speed, power-off dynamic stability and control

characterigtics of a model with a.-35° sweptback wing. The investigation
consisted of force and flight tests of the model and calculations of the
lateral oscilllatory stabllity wilth wing-tlp fuel tanks off and on.

The flaps-up longltudinal stablility was satisfactory except for a
.nosing-up tendency at the high lift coefficlents, which was eliminated
by use of gtall-control vanes. With flaps deflected the model was longl-
tudinally stable over the 1lift range, but the roll-off at the stall was
more abrupt than for the flaps-retracted condition. For the configuration
with tip tanks off, the lateral stabllity and control characteristics were
generally satlsfactory. With tip tanks on, however, the greatly increased
moments of inertla caused an undamped rolling and yawing oscillation
slmiler to that reported 1n NACA Rep. No. 769 for a model with high
moments of inertia. With tilp tanks on, the model was also longitudlnaily
unstable st high 1ift coefficlents even with stall—control vanes on
because of the large rearward shift in center of gravity ca.used by the
tanks.

INTRODUCTION

An investigation has been made in the Langliey free—flight tunnel
to determine the low—speed, power—off dynamic gtabllity and control
characteristics of a model with a 35° sweptback wing. Force and flight
tests of the model were made with and without stall-control vanes,
trailing—edge split flaps, and wing—tip fuel tanks. Calculations were
elso made to determine the lateral oscillatory stebility of the model
with the wing—tip tanks off and on at a moderately high 1ift coeffilcient.

MO INCLASSIFIED
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SYMBOLS

welght, pounds
wing area, square feet

incidence of wing wilth respect to the fuselage water line,
degrees

mean aercdynamic chord, M.A.C., feet

tall length (distance from center of gravity tc rudder hinge
line), feet

wing span, feet

height of center of pressure of vertical tail above fuselage
axls, feet :

dynamic pressure, pounds per sgquare fiot

mass density of alr, slugs per cublc foot

wing loading, pounds per square foot

maegs, slugs

relative density factor - (m/pSb)

angle of attack of fuselage water line, degrees
angle of yaw, degrees

angle of sideaslip, degrees (-V)

11ft coefficient (L1ft/qS)

dreg coefficlent (Drag/qS)

pitching-moment coefficient (Pitching moment /asc)
yewing-moment coefficlent (Yawing_moment/qu)
rolling-moment coefficient (Rolling moment/qSb)
lateral—force coefficient (Lateral force/qS)

tall 1ncidence with respect to the fuselage water line,
degreen
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Be

Bp
-BCm/ BCL

elevator deflectlon, degrees
trailing-edge~flap deflection, degrees
static margin

rate of change of lateral-force coefficient with angle of
sgldeslip, per degree (BGY/BB)

rate of change of yawlng-moment coefficient with angle of
sideslip, per degree (Bcn/Bﬁ)

rate of change of rolling-moment coefficient with angle of
sideslip, per degree (BC#Bﬁ)

rate of change of rolling-moment coefficient with rolling-

Bcl
angular-velocity factor —

b
22
v

rate of change of yawing-moment coefflcient with rolling-

oC
angular-veloclty factor -P—_I;
%
rate of change of rolling-moment ccefficlent wlth yawing-
) 2,
angular-velocity factor [ —
Pl

2v
rate of change of yawing-moment coefficient with yawing-
angular-velocity factor zg‘%
v
radius of gyratlion about longitudlnal body sxis, feet

radius of gyratlion sabout vertilcal body axis, feehb

product—of—inertia factor ebout body axis, feet?
flight—path angle, degrees
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€ angle betwegen body axls and princlpal axis, positlve when
reference axls 1s above principal axis, at the nose of
the airplane, degrees

) angle of attack of principal longitudinal axis of alrplense,
poslitive when principal axis is above flight path,
degrees (o - 6)

R Routh's discriminsnt

APPARATUS

Wind Tunnel

The tests were made in the Langlsey free-fllght tumnel, which is
desligned to test free-flying dynamic models. A complete description of
the tunnel and 1its, operatlon is gliven in reference 1.

Force tests to determine the static stabllity characteristics of
the model were conducted with the Langley free—flight—tunnel six—camponent
balance described in reference 2. This balance rotates with the model
in yaw so that all forces and moments are measured with respect to the
stabllity axes. The stability axes are shown in filgure 1.

Model

A three-view drawing of the model ls presented in figure 2, and
photographs of the model are given as figures 3 and 4, Table I gives
the dimensional and mess characteristices of the model.

The wing of the model had a& Rhode St. Genese 35 airfolil section.
The use of thls sectlon was in accordsnce with free-flight-tunnel practice
of using airfoils to obtain & maximum 1ift coefficient in low-scale teats
more nearly equal to that of a full-scale design. The wing was set
at -6° incildence with regpect to the fuselage so that zero 1ift would be
obtained at approximately zero angle of attack of the fuselage.

Stall-control vanes, trailing-edge split flaps ‘and wing-tip tanks
were installed for some tests. The intake ductes were faired (fig. 2)
after the inltial tests had shown that Bevere air-flow separation at the
wing-fuselage Juncture was caused by the flat surface of the duct
opening. (See fig. 4.)
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TESTS

Force Tests

The force tests were run at a dynamic pressure of 3.0 pounds per
square foot which corresponds to an airspeed of approximately 34 miles
per hour at standard sea-level conditions end to a test Reynolds number
of 282,000 based on the mean aerodynamic chord of 0.88k foot. All but
the initlal tests were made with the inteke-duct falrings on. A summary
of the force-test conditlons is glven in table IT.

All forces and moments are referred to the stability axes originating
at a center-of -gravity position of 22.0 percent of the mean aerodynamic
chord and located vertically 26.0 percent of the mean aerodynamic chord
above the bottom of the fuselage (water line zero) unless otherwise
indlcated.

Flight Tests

Flight tests were made to determine the gemeral flying character-
istlics of the model. A summary of the test conditions is glven in
table ITI. TFlights were made with vanes on and off, flaps up and down,
and tip tanks on and off. With the tlp tanks off, most of the flights
were made with a light wing loading (see teble I), but a few flights
were made wlth a heavier wing loading to determine the effect of mass
on the stabllity and control characteristics. The tlp-tanks-on flights
were made wlth the tip tanks fully loaded and the model in the light
condition.- All flights were made with a center-of -gravity location
of 22.0 percent mean aerodynamic chord.

CATCULATIONS

Boundaries for neutral-lateral-oscllliatory stability (R = 0)
were calculated for the model with tip tanks off and on by meens of the
stability equations of reference 3 and are shown 1n figure 5 as functions
of Cnﬁ and -CZB. With the tanks off the calculatlons were made for

the heavy condition. With the tanks on the calculations were made for
the only tank-on condition flown.

The values of the static-lateral-stabllity derivatives
Btatl-ofr

and C were estimated from force testsj the rotary derivatives

IIB'l:a.il-off .
Cnr' and Czr were estimated from unpublished data; and values of C-LP

and CnP were o'bta.i.ﬁed. from rotation tests of the model. The values
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of ky and ky and the inclination of principal axes of inertla were

megsured. for the model., The values of all the aerodynamic and mess
characteriatics used in the calculations are given 1n table IV.

The values of an and ‘cZB for the model with tip tanks off and

on at Cp, = 0,7, as determined from force tests, are indicated by
gymbols in figure 5 In order to show thelr relatlon to the calculated
stability boundaries.

RESULTS AND DISCUSSION

Force Tests

The results of the force tests made to determine the static longi-
tudinal and lateral stability characteristice are presented in figures 6
to 13. TUnpublished date from larger scale tests (R = 2,243,000) of a
larger model at UWAL (University of Washington Aeronesutical Laboratory)
ereo also presented for comparlison. The UWAL data were obtained at a
dynamic pressure of 30.21 pounds per square foot and the pltching moments
wore referred to & center of gravity at 20.0 percent of the mean aero-

dynamic chord.

The results presented in figures 6(a) and 6(b) show the longltudinal
gtablility characterlstice of the free-flight-tunnel model with and
without the intake-duct falring. Also presented for comparison are the
UWAL results which were obtalned with the lntake ducts open. Preliminary
tuft surveys had indlicated the need for falring the closed intake ducts
on the free-flight-tumnel model, since severe alr-flow separation was
noted behind the ducts. It is seen from figure 6(a) that the complete
model beceme unsteble above Cr, = 0.75 wlthout the falring, and the

addition of the falring not only delayed the instabllity to Gy = 0.85

but greatly reduced its severity. The fairing alsc reduced the static
margin -aCm/BCL by ebout 0.05 over the lower 1lift range. The results

of the UWAL testa show fairly good agreement with the free-flight-tummel
tests without the fairing, which might be an indication that the flow

in the reglon of the ducts of the UWAL model must alsc have been
mnsatisfactory. It appears that attention must be given to obtalning

the best poseible flow through and around the ducts since this flow
apparently has a pronounced effect on the stability. The data of

figure 6(b) show that the falring had little effect on the tail-off .
longitudinal stability. This indlcates that the improvement in stability
of the model with tall on, produced by the addition of the falring, was
caused by a change in the nature of the flow at the tail and not by any
appreclable change in stebility of the wing-fuselage combination.

The date of figure 7 show the effect of the stall-control vanes for

both models. The use of the vanes improved the stabillity of the free-
flight -tunnel model, but there was still slight instabllity at 1ift
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coefficlents from 0.8 to 0.9. The UWAL model with venes on was stable
over the entire 1ift range, which indicates that a sgimilar airplane would
probably have gatisfactory static longltudinal stebility for this
condition.

Figure 8 shows the effect of flap deflection on the longitudinal
8tability of the model with vanes on. It ls seen that the flap resulted
in the model being stable over the entire 1lift range except for a very
slight instabllity at the stall. The flap also resuibted in the 1ift
curve belng more nearly linear up to the maximwm 1ift coefflcient.

The variation of the lateral-stability parameters GYB’ Cnﬁ,
and. Clﬁ with 1ift coefficient with flaps retracted is shown in figure 9

together with UWAL results with intake ducts opemn. It may be seen that
the fairing hed little effect on the directional -stabllity parsmeter Cnﬁ-

Falrly good agreement with UWAL dlrectional-stebllity dsta was obtained
for the lift-coefficient range above Cp, = 0.48. The directional

stability of the Ffree-flight-tunnel model decreased gradually with
Increasing 1ift coefficient and then dropped sharply at the stall. This
effect could not be verified by the UWAL results because data were
unavailable for 1ift coefficlents above 0.8. The fairing reduced the
effective dlhedral -CZB over the 1ift range with the greatest reduction

taking place at the high 1lift coefficlents. Tuft tests indicated that

the difference could be accounted for by the fact that the failring delayed
the stall on the trailing wing. The UWAL data show less effective dihedral
than the free-flight-tunnel model over the 1i1ft range.

Data showing the effect of the stall-control vanes on the lateral
staebllity characteristics are presented in figure 10. The vanes reduced
both the dlrectional stability and effective dihedral over the entire
1ift range. .

Figure 11 shows the effect of flap deflection on the lateral
stabllity characteristice. Deflecting the flaps eliminated the gradual
decrease in directlonal stebility with increasing lift coefficient, “put
the gharp drop in stabllity at the stall remained. The varlation of the
effective dihedral with lift coefficient for the flap-retracted condition
was extended lihearly from Cp, = 0.85 to Cp = 1.24 when the flaps were

deflected, and this resulfed in an Increase in the maximm value of _CEB
of gbout 0.001 over the flap-up condition.

The data of figure 12 show the effect of the wing-tip tanks and
the center-of-gravity position on the longitudinal stability character-
istics of the free-flight-tunnel model. The tip tanks had very little
aerodynamic effect on the stabllity as shown by the data presented about
the tank-off center-of-gravity locatlion of 0.22 mesan aerocdynamic chord.
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The model with tip tanks on was unstable at high lLift coefficients,
however, for the tank-on center—of-gravity'location of 0.35 mean aero-

dynandc chord.

Figure 13 shows the comparison of the lateral stability character-
istics with and without the wing-tip tanks. The tanks had little effect
on the directional stabllity at low 1lift coefficients but delayed the
decrease in directional stabllity to a higher 1lift coefficlent. Addition
of the wing-tlp tanks increased the effective dihedral over most of the
1ift renge. _ :

Flight Tests

Flaps retracted.- Flight tests made over a lift-coefficlent range
of 0.48 to 1.0 with the model in the light-loading condltion with tip
tanks off showed. that the lateral stability characteristics were
satlefactory with etall-control vanes off or on, despite the decrease
of Cn[3 at the high 11ft coefficients as indicated by the force-test

regults (fig. 10). The behavior of the model was good with coordinated
ailerons and rudder or with allerons alone, and the lateral oscillatlons
were well damped.

Without the stall-control vanes the longltudinal stability of the
model was good at the lower 1lift coefficients. At the higher 1ift
coefficients (above 0-75), however, the model exhiblted & nosing-up
tendency, which can be explained by the pitching-moment curve in figure 7,
and tried continually to trim at a higher angle of attack. The nosing-up
motion was falrly gentle and the model could usually be controlled
satisfactorily with the elevator, but for flights at the highest 1ift
coefficients the nosing-up tendency sometimes resulted in the mecdel
stalling and rolling off on elther wing. The roll-off was not particularly
violent; but since there was elmost complete loss of lateral control, the
model usually crashed into the tunnel wall out of caontrol.

One interestlng polnt obgerved during these tests was the ability of
the pllot to sometimes retain control of the model after it had started
to stall by nosing it down with the elevator and thereby unstalling the
wing. In tests of some tallless models with similar nosing-up tendencies
but with ineffective elevators at the atall, it has been impossible to
control the models once they started to stall. In the case of this model,
. however, the elevator on the horizontal tail remained effective and
enabled the pilot to maintain a certain enount of control over the nosing-
up motion. _ . . . L

Flightes made over approximately the same speed range with the stall-
control vanes on (fig.-T7) showed that the vanes improved the longitudinal
flight behavior of the model at high 1ift coefficlents but still did not
meke the model entirely satisfactory. At the high 1ift coefflcients, the
model would trim at a new angle of attack when disturbed by elevator
control or a gust, indicating about neutral stabllity, but 1t did not have
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the definite noging—up tendency exhibited with the vanes off. Silince the
UWAL force—test results indicated static longltudinal stabllity over the
entire 1ift range with the vanes on and because the full-scale Reynolds
number would be even larger than that of the UWAL tests, a similar air—
plane would probably be completely satlsfactory in this respect if stall-
control vanes are used. When the stall wae reached, the model settled

to the tunnel floor wlth alleron control being mainteined at all times

so that the wings could be kept level.

Fleps extended.— With fleps deflected (stall—control vanes on) the
longitudinal and lateral stabllity characteristics of the model were good
over the entire lift—coefficient range (0.51 to 1.15). There was no
nosing—-up tendency and all oscillations were well damped. At the stall
the model rolled rather sbruptly to a medium sngle of bank and slid off
into the tunnel wall. When ailerons alone were used for lateral control,
the model flew sbout as well as wlith coordinated alleron and rudder
and there was no notlcesgble adverse yawlng.

Incressed wilng losding.-— Increasing the wing loading of the model
with tip tanks off resulted 1n no noticeable change in the flight

behavior of the model over the lift—coefficient range flown (0.6 to

Q.75 with flaps retracted and 0.85 to 0.95 with flaps deflected).

At Cp = 0.75 with flaps retracted there appeared to be a slight nosing—
up tendency as in the lightly loaded condition at about the same 1ift
coefficlent. Good flights were obtained wlth either ailerons and rudder
or allerons alone used for lateral control. Results of the calculatlons
pregsented in figure 5 show that the locatlon of the model test point

wag on the stable gide of its oscillabtory-steblility boundary.

Wing tanks on.— The results of flight tests made at O, = 0.66 with
the wing-tip tanks on (flaps retracted) indicated s dangerous condition
wlth coordinated alleron and rudder control. There was a lightly damped
rolling and yawing motion snd the model was very slow in returning from
a yawed position because of the high value of Iy. At times the swinging
motion appesred to be reinforced by control deflections, and fiights in
this condition often ended with the model crashing into the tunnel wall.
It was found that the model was much easler to fly when ailerons alone
were used for latersal control. There were s8till large yawlng motions,
however, and the model would sometimes gtay in a yawed attitude and slip
off into a wall. The poor flylng characterlstics were caused malnly by
the large increase In lnertia forces which resulted in the calculated
oscillatory—setability boundary moving up so that the test point then fell
in the unstable region on the chart. (See fig. 5.) This effect of
mass distribution on lastersl stability is in sgreement with the results
of reference 4, which showed that as welght was added at the wing tips
the lateral stabllity became progressively worse.

The longltudinal stabllity of the model was satlsfactory with the
center—of—gravity location of 0.22 mean aerodynemic chord. No flights
were attempted with the design center—of-—gravity location of 0.35 mean
aerodynamic chord slnce force—test results-(fig. 13) indicated that the
model was statlcally longitudinally unstable above Cr = 0.75.



10 AR NACA RM No. L8A1L

A change in tank confilguratlon, such as the use of a belly tank or
an 1lnboard shift of the wing tanks, would result in improved longlitudinal
and lateral stability characteristics by reducing the rearward shift of
the center of gravity as well as the values of Iy &and Ig.

CONCLUSIONS

The followlng conclusions were drawn from the results of the free-
flight-tunnel stablility and control investigation of a model with a
35° sweptback wing.

1. With flape retracted and no stall-control vanes, the model had
satisfactory longitudinal stabllity up to Cp = 0.75. At higher 1lift

coefficients, however, the model had a nosing-up tendency which somstimes
caused it to stall and roll off out of control.

2. Use of stall-control vanes improved the longitudinal stability
and lateral control at high 1ift coefflicients but did not make the model
entirely satisfactory. Higher scale force-test data, however, lndicate
that a similar full-scale alrplane would probably heve satlsfactory
longitudinal stability at the high 1ift coefficlents if stall-control
vanes were used.

3. With flaps deflected the model was longitudinally stable over
the 1lift range, but the roll-off at the stall was more abrupt than for
the flap-retracted condition. '

4. The lateral stabllity and control characteristics were considered
to be gemerally satisfactory for all conditions tested without the tlp
tanks, and the rolling and yawing motions were well damped.

5. With tip tanks on, the greatly increased momente of inertia
caused. an undamped rolling and yawing oscillstion simlilar to that
reported in NACA Rep. No. 769 for a model with high moments of inertia.
With tip tanka on, the model was elso longltudinally unsteble at high
1ift coefficients even wilth stall-control vanes on because of the large
rearwvard shift in center of gravity caused by the tanks.

Langley Aeronautlical Leboratory
National Advisory Committee for Aeronasutics
Langley Field, Va.
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TABLE I.- DIMERSIONAL AND MASS CHARACTERISTICS OF THE MOIEL
WITH A 35° SWEPTBACK WING TESTED IN THE

LANGLEY FREE-FLIGHT TUNNEL

Light Heavy
Welght, 1b
Without tip tanks - « « « v v o o v o ¢ o =+ o+ o T.Th 16.57
With tip tanks . . + « + . . o v 0 4 0 0 e e . 15.70
Relative demnsity factor (m/pr) _
Without tip tanks . . e e e e e e e e e T.26 15.56
With tip tanks: . « « + « ¢ ¢ v v o o o o 0 o . k.75

Center-of -gravity 1ocation, percent M.A.C.
Without tip tanks . . . e e e e e e e e e 22
With tip tanks )
Deslign location based on tank weight and

position . . . . . . . ’ 35
Used in flight tests .« .o e e s e e 22
Digtance above bottom of fuselage )
percent M.A.C. . . . . . 26
Moments of 1nert1a without tip tanks
Ix, Bl‘ug‘ft . . . 0 . L] . . 3 - . . L] . - - . . 0-122 0-122
Ty, 8lug-Ft% . .« +« . o . s . 4 v e w4 . e . . . 0.581 0.581
IY} Shls-ft2 - . -« . . . - . L ] . . L] - . . . - O' 2l-'TB O-l;-78
Moments of Inertia, with tip tanks
IX, Bhlg-fte a e & & o & e o s e 8 o o e e s » 0-701
Iz,slug-ft2....._............. 1.215
Ty, BL0g—FE2 v v e e e e e e e e e e 0.532
Wing loading, W/S, 1b/sq £t :
Without tip tanks . . . « . . . +« . « . ¢« « « . . 211 k.73
Withtipta.nlcs................. h.ko
Wing
Aresa, sqft.........'.'......... 3.50
Spa.n £t . . C e e e e e e e e e e e e e 3.97
Sweepback, c/h d.eg C e e e e e e e 35
Incid,ence deg . . T T -6.0
Dihedral, deg (mean line) e e e e e e e e -1.5
Taper ratio T T T T 0.29
Aspect ratio . . . . . . o L i L h e e e e e e 4.5
o o P 0.976
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TABLE I.- DIMENSIONAL AND MASS CHARACTERTSTICS - Concluded

Light
Location of leading edge M.A.C. behind leading
edge of root chord, £t . . . . 0.683
Root chord, £t . . . . e e e e e e e e e e 1.375
Tip chord, £t . . . . . « e s+ e s 0.392
Distance frdm nose to leading edge of root
chord, £t . . . « . + « . . . . c e e e e 1.292
Alleron :
Area, percent wing area, (ome) .« . « ¢« « . « . . 2.64
Sp&n, percent wing span, (one) « ¢« ¢ ¢+ o 4 . . 27.8
Hinge location, percent chord . . . . . . . . . . 75
Vertical tatl : : -
Area, 8¢ Tt « « « ¢ v « + 4t e b e e e a0 e . 0.460
Span, £t -+ 4 4 e 4 e e e e e e e e e e e e e 0.80
Aspect ratio . . . O 1.39
Sweepback, c/h deg e e e e e e e e e e e e e 35
HorizShtal tail
Area, 8q b . - ¢ ¢« . . . o0 a0 000 e 00 0.67
Span, £t « -« o 0 0 0 0 o h e et e e e e e 1.53
Aspect ratio . . . T 3.5
Sweepbeack, c/l, deg e e e e et e e e e e e 35

13

Heavy



TABLE TI

SUMMARY CF FORCE-TEST CONDITIONS

L
Configuretion a v Fieuro
Teat, | Type of Test | Fairing Venes Flaps Tenka (¢eg) (deg) ®

1 | Longitudinal | Off and an off Up Off 0-22 0 6
2 | Longlitudinal On off apd on Up off 0-22 0 T
3 | Longitudinal On On 0° and 50° off 0-22 6 8
4 | Lateral Off end on |  off Up oLt 0-22 | ~5 and 5 9
5 | Lateral On Off end oo Up off 0-22 | -5 and 5| 10
6 | Lateral On on 0° and 50° off 0-22 [ -5 end 3| 11
7 1 Longitudinel On On Up 0ff and on| 0-22 | 0 12
8 | Laterel On On Up Off and on} 0-22 | -5 and 5| 13

S A

41

HIVEL "ON W VOVN
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TABLE IIT
SUMMARY OF FLIGHT-TEST CONDITIONS
[All tests made at a center-of-gravity location of 21.9 percent M-A-C-:'
Configuration cL, Welght
Test | Venes | Flaps |Tanks Loading Tange (1b)
1 off 0° Off Light 0.48 to 1.0 7.51
2 On o° Off Light 0.48 to 1.0 7.51
3 On 50° Off Light 0.51 to 1.15} T.96
L On o° Off Heavy 0.60 to 0.75| 16.49
5 On 50° off Heavy 0.66 to 0.69 | 16.49
6 On o° On Tip tanks fully 0.66 15.69
: loeded, model in
light condition
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TABLE IV.- CBARACTERISTICS OF THE MODEL USED IN THE CALCULATIONS
Condition I Condition II
tip tanks off tip tanks op
W, 1b 16.5 15.7
w/s 5.73 k.49
b, fest 3.97 3.97
-3 0.00238 0.00238
[ 15.56 4.7
kxs k59 1.199
kzs .908 1.606
kzz -. 0541 -.1032
1/p <643 . 643
/b 162 16
L, .70 .70
«, deg 12.0 12.0
€, deg 5 5
n, deg T T
7y deg -10.0 -10.0
=115 + - +
.:! p -c!“(tail) crﬁ(t-.u)
= + G =012 +
i B(tas1) T
2o, -.30 + C; -.30 + €y
o ® " P(ta11) e P(tal1)
-.1212 + -.1252 + C
“p cl’3’(r.n.u.) “p(tat1)
2, <175 + G 175 + €
r P T(tai1l} 006 T(ta11)
- =006 + C -. + G
*Cn "r(ta11) Pr(ted1)
Crp byeriable byarisble
(tatd}
C;B Dependent variadle Dependent variable

8Tail contributions are determined from the following equations:

olfz _ 1
*Ro(tat1) T (satn) % b hin9 T8 (ta11)

)
P(tail)

2
c”r(t,ul) ) 2(%) czs(tail)

W

b\"a.ried. aystematically eas independent verieble to yprovide the desired range of cng

for the determination of the cecillatary stebllity boundeary.
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Figure 1.- The stability system of axes. Arrows indicate positive directions of
moments, forces, and control-surface deflections. This system of axes is
defined as an orthogonal system having their origin at the center of gravity
and in which the Z-axis is in the plane of symmetry and perpendicular to the
‘relative wind, the X-axis is in the plane of symmetry and perpendicular to
the Z-axis, and the Y-axis iIs perpendicular to the plane of symmetry,

Jdlnesn.
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Figure 2.~ Three-view drawing of the model with a 35° sweptback wing tested
in the Langley free~fiight funnel.
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Figure 3.- Plan view of model with a 35° sweptback wing. Intake-duct

fairings off.
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Figure 4,- Three-quarter front view of model with a 35° sweptback wing,

Intake-duct fairings off,
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Figure 5.- . Correlation of flight test points of a model with a 35° sweptback
wing with calculated oscillatory stability boundaries; Cg, = 0.7; 8¢ = 0°;

vanes and intake-duct fairings on.
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Figure 6.- Effect of intake-duct fairing on the longitudinal stability
characteristics of the Langley free-flight-tunnel model with a 35°
sweptback wing compared with UWAL tests of a larger model; vanes
off; flaps 0°.
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Figure 5.- Correlation of flight test points of a model with a 35° sweptback
wing with calculated oscillatory stability boundaries; Cp, = 0.7; 8¢ = 0°;
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Figure 6.- Effect of intake-duct fairing on the longitudinal stability
characteristics of the Langley free-flight-tunnel model with a 35°
sweptback wing compared with UWAL tests of a larger model; vanes

off; flaps 0°. .
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Figure 8.- The effect of flap deflection on the longitudinal stability
characteristics of the Langley free-flight-tunnel model with a 35°
sweptback wing; vanes and intake-duct fairings on; i = ~5°,
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lateral stability characteristics of the Langley free-flight-tunnel model with
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