‘e

L a4

r~ -

NACA RM I1.56d 72

CATION CHAMNGED

AﬁbENT’AL o, §§E§,56J25
. THNCLASSIFIED C

RESEARCH MEMORANDUM

INVESTIGATION AT HIGE SUBSONIC SPEEDS OF
THE EFFECTS OF VARIOUS HORIZONTAL FUSELAGE FOREBODY
FINS ON TEE DIRECTIONAI: AND LONGITUDINAL STABILITY
OF A COMPLETE MODEL HAVING

\

A 45° SWEPTBACK WING

- ur oy

3
A, By William C. Sleeman, Jr. *
.\‘I -~

\

}mf Langley Aeronautical Laboratory LlBR ARY cﬂpv

: 3 Langley Field, Va.
: JAN 29 1957

~N LANGLEY AERONAUTICAL LABORATOR
N LIBRARY NACA
- LANGLEY FIELD, VIRGINIA

gt a
-. .

'
Tl ,\; CLASSTFIED DOCUMEN™
L.',_J b This nfor: n affectirg the Natiora! Deferse of the Urited Statas withir the mean'rg
J— u:e osp...:uge ]aws TILe 18, U.S C., Secs, 793 and To4, the transmission or reveiztion of which tn any
X is p= ted by law,

a0 NA IONAL ADVISORY COMMITTEE
g 5 FOR AERONAUTICS

Q
< WASHINGTON
=i .Ta.nuary 16, 1957

LY "\ t i “3"0’?
CJ -

@ https: //ntrs nasa gov/search. Jsp’)R 19930089549 2020-06-17T05:16:33+00:00Z

Fy mfloriry of
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RESEARCH MEMORANDUM

INVESTIGATION AT HIGH SUBSONIC SPEEDS OF
THE EFFECTS OF VARIOUS HORIZONTAL FUSELAGE rOREBODY
FINS ON THE DIRECTIONAL AND LONGITUDINAL STABILITY
OF A COMPIETE MODEL HAVING
A 45° SWEPTBACK WING

By William C. Sleemsn, Jr.
SUMMARY

An investigation has been conducted in the lLangley high-speed
T- by 10-foot tunnel cf the eifects of various horizontal fuselsge
forebody fins on the directional and longitudinsl stabiliity character-
istics at high subsonic speeds of = complete model having a 45° swept-
back wing mounted in a high positicn on the fuselage. The model wing
hed an aspect rasio of L, 2 taper rastic of 0.30, and NACA 654006 airfoil
sections parsllel tc the free stream. The Mach number range for most of
the testis extended from 0.60 tc 0.92 and the sngle-of-sitack range was
from -2° to 24° at the lowest test Mach number.

The basic model of this invesitigation becare directionally unstable
t high angles of attack and generslly small or insignificant gains in
irectionzl stability were realized by addition of a veair of rectangular
canerd-type fins in several locations cn the sides of the fuselage nose.
Long and rerrcw strakes on the sides of the fuselage nose were, however,
found to be effective in increasing the direcvicnal stability of the
model throughcut thke mcderate and high angle-of-attack range. The favor-
gble effect of the largest strskes tested cesused the teail-off conifigu-
ration tc become directionally stable at moderstely high sngles of attack
and there is evidence trat this effect was predcminant on the forward
ocrtion of the model rather than over the fuselage efterbody. Althougz
the increment in tail contributicon to directionel stabiliiy due to the
large strekes was unfavorable, the beneficisl effect of the wing-fuselsge
characteristics was sc large that the complete-model stsbility was
greater with the large strakes cn than without. The most effective
strekes produced sporeciable destabilizing pitching moments at moderate
and high angles of attack; however, these unfevorsble pitching moments
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could be reduced vy decreasing the strake slze. The smallest strakes
gave pitching-morent results whick were not appreciably different from
the satisfactory basic-model variastion and still provided some increases
in directional stability.

INTRODUCT ION

The problem of meintaining directional stabllity throughout a
reasconably large angle-of-attack range has received much recent attention
because many current airplane configurations have been found deficient
in this resveci. A number of wind-tunnel investigations have deslt with
the effectis of verious design parameters on airplene directionzl sta-
bility a2t high angles of attack (for example see refs. 1 to 3), and the
importance of the vorvex flow from the fuselsge nose has been indicated
with regerd wo the fuselage and vertical-tail contribution to stability.
A neaps for improving the directional stability characteristics at high
angles cof attack through pcssible alteration of the flow from the fuse-
lage nose was Tound in connecticn with a spin-recovery study of a swept-
wing model reported ir reference 4. These tests dermonstrated that sig-
nificent improvement in model f£light behavior at high angles of attack
coculd be gaired by use of canard fins projecting from the fuselege sides.
low-speed wind-tunnel force reasurements on a configuration similar to
that of reference 4 are given in reference 5.

The present investigation was undertaken to determine whether
improverents in directional svability at high angles of attack and at
high subscnic speeds could be made by use of small canard fins. The
present tests were cornducted with the high-wing circular-fuselage model
of references 1 and 2 which had a 45° sweptback wing of aspect ratio 4.
Rectangular f£ins having =n exposed aspect ratic of approximately 0.60
were tested in verious longitudinal positions on the sides of the fuse-
lage nose ard effects cf fin incidence and dikedral were studied. In
addition to the rectangular fins, several very long ané narrow strzkes
were studied in one location cn the sides of the fuselage. The test Mach
nuriber range extended fror 0.60 to 0.92 for mcst of the tests and the
angle-cof -attack renge extended from -2° to 24° &t tke lowest test Mach
number.

SYMBOLS

The lateral stabllity results of this investigation are referred to
the body axis system shown in figure 1 and the longitudinel character-
istics in pitch are referred to the stability exes. Moment ccefficients
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are given about a moment reference point located on the fuselage center
line at & longitudinal position corresponding to the quarter chord of
the wing mean aerodynzmic chord.

Cr, 1lift coefficient, Lift/qS
Cp drag coefficient, Drag/qS
Cm pitching-momwent coefficient, Eibching moment
aSc
Cy rolling-moment coefficlent, &Qolling moment
aSb

. P i meni

Ch yewing-moment cceificient, Yaw1n§S§ome 1
e T £
Cy lateral-force coefficient, Liateral force
¥ as
D wing span, It
c wing mean serodynamic chord, ft
M Mach number
pve .

q dynamic pressure, 5 1n/sq £%
S wing area, sa ft
v free-stream velocity, fit/sec
ip fin incidence, opositive leading edge up, deg
a angle of attack of fuselage center line, deg
B angle of sideslip, deg

=1

dihedral angle of fin, deg (see fig. 3)

o} eir density, slugs/cu £t
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Subscriopts:
B denctes partial deriveitive of a ccefficient with respect to N
sideslip, for example, C = 291
y } g op
t denotes increment due tc addition of tail surfaces
Configuration designeticn:
W wing
F fuselisge
v vertical tail
H horizontal tail
f1,f0, - « . £g fin configuration (see fig. 3)

MCD=EL DESCRIPTION

The basic model corfiguration used in this investigation is shown
in figure 2. The aspect-ratic-4 wing was swept back U45° at the quarter
chord, had 2 taper ratio of 0.3, and had NACA 65A006 airfoil sections
paralliel tc the Zree-siream directior. The wing was constructed of
202LS-T ziuminum and was mounted 1ll.l-percent wing semispan above the
fuselage center line. The vertical tail which was swept back 28° had
NACA 53AC09 airfcil sections streamwise and the 145C sweptback horizontal
tail had NACA 65A0C6 airfoil sections parallel o the free-strean

direction.

The various fin arrangements investigated are shown in figure 3.
The fins were constructed from 1/32-inch-thick brass and were mounted
rigidiy to tke fuselage, ary spaces existing between the fin root and
fuselage teing fllled with a sealer to prevent air flow through the gap.
The expcosed aspect ratic of the rectangular fin was 0.60. With the
excepticn of fin fo, all the fins were tested in pairs mounted on the

fuselasge sides at a height corresponding to the fuselage center line.
Fin o was tested singular’y and was mounted on tocp of the fuselage.

Effects of fin dihedral were studied with fin fz as shown in figure 3.

A differert spproach was follcwed ir. attempiing to achieve an

.

effective fin ccrfiguration by itesting the very siender horizontal
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fuselage forebody strakes fg to fg. The size of fin fg was halved by

©

decreasing the width to obtain fin fT' The rear hali of fin £7 vwas
removed to obtain fin fg.

TESTS AND CORRECTIONS

Tests

The present investigation was conducted in the Langley high-speed
T- by 10-fcot tunnel over & Mach number range from 0.60 to 0.85 for all
configuraticns and was extended to a Mach number of 0.92 for some con-
figurations. The average test Reynolds number based on the wing mrean

serodynemic chord was approximately 3 X 10~ for these test conditions.

The model was mounted on & six-componeni internal stresin-gage
balance which was supported by a veriable-angle sting. The lateral
stability derivatives of this investigstion were obtained from tests
conducted through the angle-of-attack range with the model at fixed
sideslip angles of #4°. Iongitudinel stability characteristics were
investigated at 0° sideslip snd some limited tests through the sideslip
range were made &t constant angles of attack. The nmaxirum angle-of-
attack range covered extended from spproximetely -2° to 24° and the side-
slip angles varied from -4° to 12° for the variszble sideslivp tests.

Corrections

Jet-boundary correcitions to the angles of atteck and drag coef-
ficients determined from reference 6 were added to the data. Blockage
corrections epplied to the Mach number and dynamic pressure were deter-
mined from wreference T. Drag coefficients have been corrected for a
tunnel buoyency effect and correcticns have been gpplied such that the
base pressure conditions correspond to free-streem static pressure. The
mcdel angles of attack and sideslip have been correcied for deflecticn
of the balance arnd sting supvort under load.

RESULTS AND DISCUSSION

Presentetlion of Results

Lateral stability derivatives of the model with the various fin
configurations are presented in figures 4 to 6 and aerodynemic charac-
teristics in sideslip for the model with fin Tg are given in figure 7.
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Aerodéynamic charecteristics in »piich for the haesic model and for the
rmodel with the strakes insitalled are presented in figures 8 to 10. A
summary of the most pertinent fir effects is presented in figures 11

and 2. It szould te pointed ocut that, in general, the results obtained
25 the lowest test Mach rumber indicated the trends obtaired at the
higker MMsch nurbers; consequerntly, in sore cases, deta are presented
unly Sor M = 0.6C vwhere the maxirmm test angle-of-sttack range was

covered.
Discussion
lateral stability of basic model and with rectangular fins.- The

lateral stapility derivatives for the basic model presented in ;1gure i
show a large reduction in the directional stability CnB as the angle

cf atiack increased beycnd spproximately 20°. For angles of attack sbeve
about 18° at = Mach number of 0.60, an increasing directionsl instability
was indicsated with increesirg angle of sttack. This increase in insta-
bility is due to scrme extent to the wing-fuselage behavior; however,

most of it can probably be attribuied to decreases in the vertical-tail
contritusion. (See figs. 12(a) and 12(c).)

The verious rectangular-Iin configurations tested were studied in
attempte either to eliminate the occurrence cf directional instability
or to effect a significent delay in the angle of attack at which the
instebility cccurred. Tre results presented in figure 4 indicate that
the rectangular-fin arrangements tested had no appreciable favcrable
e’f'ect on the directional stability characteristics of the model.

Laseral stabllity of model with forebedy strekes.-~ Inesmuch as the
fairly wide range ol fin positions studied eifected only minor directiocnal
stability geins with the fairly large rectangular fins, a siightly
different aprrcach wes taken ir testing the strakes extending along the
ertire fuselage rose. Directional stability characieristics of the model
with the strakes are summarized in figure 11 for a Mach number of 0.60.
Trese results show that substantizsl geins In the directioral stability
of the basic configuretion were realized oy addition of the large strakes
(f f6) for angles of attacik greater thaxn about 9°. The angle of atvtack
at which the alreﬂt_ohal stebility started 1o decrease was incressed from
approxinately 9° for the basic model 3o sbout ikC for the model with
Tin fg ana tae ocgurrence of cirectlionsal instability was delayed Irom

sppreximately 18% to an angle of attack of 22° by use of the large strakes.

A Tairly substantial reductior in directional stability penefits of

fin f: wes encountered in reducing the area of fin f6 in helf to form
in fT. When the rear half of rin fT was reroved to form fin f8, the



NACA RM 156J25 ] [

directicnal stability characteristics of th
i

0] model were essentially the
sare as those obtained with fin fT (fig. 1

e
).

Longitudinal stebility of mcdel with the forebody strekes.- The use
of horizontel Tins located shead of the center of gravity would be
expected to have an edverse effect on longitudinal stability and the
extent of this effect for the present model is shown in the right-hand
portion of figure 11. The pitching-moment variation with angle of attack
for tre basic model is considered itc be satisfactory whereas the pitching-
moment cheracteristics of the model with f£in g show a highly undesirable

pitch-up tendency over a wide range of angles of attack. The smaller
strakes, fins f7 and fs, were vested in order to cetermine the extent to
which the adverse effecis of fin fg on longitudinel stability could be
minimized and still retain an effective arrangerment from the standpoint

of directional stability charscteristics. The results presented in

figure 11 show that apprecisble reductions in adverse longitudinal charac-
teristics accompanied reductions in the size of fin fg and the pitching-
morent characteristics with the smellest fin fg were not markedly infe-
rior to the basic mcdel. OFf course, as rentioned previocusly, the smallest
strekes, which gave ninimunr pitching-moment changes were rmuch less effec-
tive in increasing directional stability at high angles than the largest
strakes.

Charscteristics in sideslip with the large forebody strskes.- Addi-
tional test results were obtained with fin fg to determine the directional
stability characteristics for sideslip angles up to approximstely 12° and
these results are presented in figure 7. These data show no apprecigble
nonlineerities in yawing moments for the conditions tested and therefore
the directional stability parameters obtained from tests at +4° sideslip
would be expected to indicate fin eifects to at least an angle of side-
slip of 10° and an angle of attack of 16°. Data for the basic model
configuration in sideslip were obtained from reference 2 inasmuch as
sideslip tests of the fin-removed configuration were not msde in the
present investigation. Yewing-moment data at * = 0.80 obtained from
reference 2 and transferred tc the body-axis syster are presented in
figure 12(b) to show the effect of fin fg through the sideslip range.
This comparison shcws that the large strakes were effective in providing
a stabilizing yawing-morent contribution througrhout the test sideslip-
angle range at aporoximately an angle of attack of 16°.

Effect of large forepody sirakes with and without tail surfaces.-
nel informaticn relsting to the effectiveness of fin f6 s given

i gure 12(a) whicn shows the fin effectiveness with end without the

tall surfaces. Tail-cff results without the fin were obtainred from

£ ~

reference 2 and transferred to the body-axis systeri of the present éata.
Directicnal stability chasracteristics show a large favorable effect of

e 1=l
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the sirakes at high argles ol attack for the wing fuselage wheress the
bail contribusicn (fig. 12(c)) at high argles was Less with the strakes
cn than for the Yasic ncdel. Ever thougl the Zncrement in tail contri-
pution due ©o the strakes was unfavcrable, the beneficia’l effect on the
wing-iuselege characteristics was so la_ge that the complete-rmcdel ste-~
bility wes g"eater with the strakes oz than without the strskes. Some
insight into the favorable effect of the strekes cn the wing-fuselsge
character iqtlﬂs may be gained from a comparison of lateral-fcrce deriva-

tives with and withcut fin fg presented In figure :2(za). TFor angles of
estack stove 11° the strakes contributed a positive increment off CY%

with 1ncrcasea in angle of atzack (Zig. 12(&)) and at the highest test
angles of atvacs (M = .60, fig. ) »csizive values of CYB were indi-

ceted for the wing-fuselage configuration with ITin Z4- Directional
stability characteristics presented ir figure 12(a) alsc show a large
pceitive increrment of Cng éue tc the strskes and at high angies of
attacx the taeil-off configuration became directionally stable. This
occurrence of positive increments in botha CYg and CnB due to the

strekes fcr the tail-off cconfiguration indicates that the effective

center of pressure of the incremenia’ load due tc the strakes was ahead of
the referernce center cf morments. It appears furthermore that stabilizin
(positive Cnﬁ) Tlow-angularity effects on the fuselage afterbody would

not be expected vo occur for the tail-off configurasticn in conjunction
w_.th positive incremental values of CYB‘ On the other hand, the desta-

bilizing effect of the strskes cn the teil ccniribution st high angles
(#ig. 12(a)) is corsistent with vpositive ircrements in CYB due to the

gorakes with the tail on. It therafore appears that the favorable con-
tribution of the strakes to directiocral stakiliity of the model were
agsociated with effects on the forebody cf the wirg-fuselsge configura-
tion. The extent Lo whica this effect occurs cn the fuselage nose and
ne wirg is not kunown; however, rather _arge effects of the strakes
12 effective dinedral porareter CZB did occur (see figs. 4 and 5).

A
ct
oy

Inasrmck as the strske nmoment arw in roli was very small, the large
megnitide of the positive increments of CEB due to the straxkes at kigh

zngles oif attack suggest that the strakes had e sigrificant indirect
avt'ect or the wing contribution to rolling moments.

CONCLUSIONS

The results ¢f sr investigation conduczed in the langley high-speed
T- oy 0-Toot turnel <o study the effects of various fuselage forebody
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fins on the directional and longitudinal stability at high angles of
attack of a high wing model indiceted the following conclusions:

1. The directional instebility for the basic model which oeccurred
&t moderstely high angles of attack was not appreciesbly slleviated by
use of a vair of rectangular fins located at various positions on the
fuselage nose.

2. Long and narrow horizontzl strakes on the sides of the fuselage
nose were found to te effective in increasing the directional stability
of the model throughout the moderate and high angle-of-atitack range.
This favorable effect for the largest strakes tested caused the tail-off
configuration to become directionally stable aft moderstely high angles
of attack and there is evidence that this effect was predominent on the
forward sections of the model rather than over tche fuselage afterbody.

3. Although the increment in tail contribution to directional sta-
bility due to the large strakes was unfavorable, the beneficial effect
of the wing-fuselage characteristics was so large that the compiete-model
stepility was greater with the large strskes on than without. The angle-
of-atteack range over which the basic model was directionally stable was
extended by addition of the strakes; however, directional instability
occurred at the highest test angles both with and without the strakes.

L. The most effective strakXes produced appreciable destabilizing
pitching mcments et moderate and high angles of ettack; however, these
unf'avcrseovle pitching morents could be reduced by decreasing the strake
size. 1Installetion of the smzsllest strakes gave pitching-moment results
wnich were not appreciably different from the ssiisfactory basic-model
cherzcteristics and still provided some incresses in directional stability.

Langiey Aeronsutical ILaboratory,
National Advisory Committee for Aeronautics,
Lengley Field, Va., October 10, 1956.
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Figure l.- Body reference axes showing positive directions of forces,
moments, and angular deflections.
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Figure 2.~ General arrangement of the basic configuration. Linear
gur & &
dimensions are 1n inches.
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Figure 3.~ Sketch of the various fin arrangements tested and showing the locations tested on the

|_l
model.. Linear dimensions are in inches. W
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TFigure 8.~ Aerodynemic characteristics in pitch of the basic-model configuration.
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