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NATIONAL ADVISORY COMMITTEE FOR AZRCKAUTICS

TECHNICAL NOTE NO. 785

TIND-TUNNEL INVESTIGATION ‘OF FUSELAGE STABILITY IX
YAW WITE VARIQUS ARRANGEMENTS OF FINS

By WHavwBaige Hozgard, Wire

SUMMARY

in the 7- by 10=foot wind

An investigation was e
ts of dorsal-type fins and
n
i

tunnel to determine the ef

of various arrangements of ns on the aerodynamnic char-
acteristics of a streamline rcular fuselage., Compara-
tive plots of the aerodynamic characteristics of the fuse-
lage alone and the fuselage with various fin arrangements
are 2iven to show their effects .on coefficients of yawing
moment, drag, and lateral force. Results are also given
ifor one cage'ln waich a rear fin on a circular fuselssge
was faired with modeling clay to obtain a fuselage shape
with the same side elevation as the fuselage with the un-
falred £in Dut with an elliptical eross section over the
rearward portion of the fuselasge.

The results indicated that fin areh to the rear of ©
center of gravity of the fuselage was beneficial in reduc—
ing the magnitude of the unstable yawing moments at larsge
angles of yaw; whereas, fin area forward of the center of
gravity was harmful. The dorsal-type fin was more effec-
tive for increasing the yawing stavility of the fuselage
than was a2 smoothly faired rearward portion with the same
side elevation as the fuselage with the unfaired dorsal-
type fin. The minimum drag coefficient and the slope of
the curve of yawing-moment coefficient of the fuselage at

zero vaw werc unaffected by the addition of the fins, with-

in the experimental accuracy of the tests.

INTRODUCTION

The greater portion of the fixed vertical ftail sur-

-

faces of aircraft is required to counteract the directional

instability of conventional fuselage shapes., Methods have
therefore becen suggested of reducing the maximum value of
the unstable fuselage moment to permit a reduction of the
vertaeal tail,

One method, which has been employed on com-—
mereial aircraft, is the addition of a narrow strip of fin
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area, refiorred to ggia "dorsal™ £i@, aliong the top center
line of the fuselage ahead of the usual wvertical tail sur—
face. Another method is the shaping of the rear of the
fuselage into a wedge, effectively adding fin area at the
top and the bottom, A third method recently sussested is
the addition of a sharp-edge protudberance along the verti-
cal center line of the forward pmortion of the fuselaze.

It was thought that such a protuberance, by disturding the
flow over the down-wind side of the rawed fuselage, might
decrease the magnitude of the negative pressure in thaot
region forward of the center of gravity and thereby reducs
the unstable moment,

These methods are primarily intended to reduce the
axinun value of the fuselage yawing moment, which occurs
at moderately large angles of vaw where vertical tail sur-
faces of conventional aspect ratios are normally stalled,
Any reduction of slope of the yawinz-roment curve in the .
v1czn;tv of zero yaw is incidental, KXene of the methods
is expected appreciably to increage the drag of the fuse=-

lazge. for the unyawed condition of the airplane.

Hh

n two fuselage shapes
in area at warious loca=
tlons on the Tu e effectiveness of each

se
of the three meth

The two fuselage shapes used in this investigation
ol icown sin ficures & and 2. One of these fuselages is a
body of revolution that was previously used for the wing-
fuselage investigation reported in reference 1. The other
shape was obtained by fairing the rearward portion of the
fuselage with modeling clay as shown in figures 2, 3, ané 4.
The fuselages will hereinafter be referred to as "fuselage
Ateand "fugelage BT

£

The fin arrangements used are also shown in figures 1
and 2. All fins except one of 1/32-inch-diameter wire were
made of 1/32~inch sheet Drass cut to conform to the fuse-
lage shape. In this revort the constant-width fins (fiz.
Lbamild 1 ber called fypevds the tall=type fin (£, 2% will
e ‘ealled type 2. « The fineg were soldered to: the headsorf
flat-khead wood screws, imhedded in the fuselage, which held
the Tins snugly against the fuselage to prevent air leak-
age under them,

e
(0]
S
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The type 1 fins were made in four widiths, 0.,0312,
Bigl 72, Oudd4, and 0,688 Smeh. whitch™zire equal To 0sda: 2abs
Daly and 10.0 percent, respectively, of the maximum fuse-
lage diameter. The finsg were cut in sections so that they
could be attached to the fuselage in various combinations.
The fins attached to the forward portion of the fuselage

are designated forward fins and those attached to the rsar-
ward portion of the body are designated rearward firns.

#he action of thege rearward fins, althou%n they are dis-
posed symmetrically above and bPelow the fuselage, should

be similar %o that of the dorsal-type fin used on several
present-day transvortse.

The type 2 fin was made to be atbaeched to.the rear-
ward portion of fuselage A, This fin has a2 widta at the
trailing edge 50 percent of the fuselage diameter and is
falred into the top and the vettom comtoure of fuselage @&
at a station 70 percent from the fuselaZe noses

TESTS

The tests wetre made in the NACA 7- by 10-foot wind tun-
nel, which is described in references 2 and 3. The tests
were made at a dynamic pressure of 16.37 pounds.per square
foot, which corresponds to a velocity of about 80 miles per
hour under standard sea—-level conditions and to a test
Reynolds number of about 618,000 vased oan the cube root of

Whe Tuselagp volunme (0.846 f%).

No preliminary tests were made to determine the tare
forces and the moments caused by the model-support fittings
because 2t was believed that the relative merit of the yar-
ious arrangements would be unaffected dy the values of tare.

The tests were made at zéro angle of attack and at an~
glee" ot "yaw, W, ranging from =10° to 609,

RESULTS AND DISCUSSION

The results of the tests are given in the form of
NACA standard coefficients of forceg and moments with re-
speet to the wind axes that intersect at the center—-of-—
gravity location previously used in reference 1 and shown
24 Taemire. 1

The coefficients used are based on the wvolume of fuse
lage A in accordance with the procedure of reference 4,
and are defined as follows:
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o ied _.it_a_g —_—
Cp drag coefficient [ .§75]
a(7)

r ral r
CY' lateral—-force coefficient Llate ?‘252 ce]

a(vV)

vawing moment advout c.q.>

C,!'! yvawing-moment coefficient
n qv

where
q dynamic pressure (156.37 1b/sq ft)

V volume of fuselage A (0.606 cu ft)

The effect of the rearward fims on the aerodynamic
gharacteriatics of fuselage A is shown in figure 5. The
curves of yawing-moment coefficient show that, with the
0.172-inch fin added to the rearward portion of the fuse-
lage, the maximum value of the unstadle yawing moment isg
reduced by more than half. Increasing the fin height pro-
gressively decreased the maximum unstable yawing moment
and the trim angle., The effectiveness of increasing the
fin height, however, became progressively smaller with
height. The type 2 fin was only slightly more effective
than the 0.172-inch type 1 fin although its area-moment is
nearly equal to that of the 0,344-inch type 1 fin. This
result, coupled with tho fact that the effectiveness of
the type 1 fins was not proportional to the fin height,
appears to indicate that the effectiveness of these fins
primarily depends on the length of the sharp edges and
their spoiling effect depends on the type of flow over the
rear portion of the fuselage. This conclusion appears to
be substantiated by the drag curves, which show that the
increase in drag at large angles of yaw is also less for
the type 2 fin than the 0.344-inch type 1 fin,

The slope of the curve of the yawing-moment coeffi-
cient at small angles of yaw is appreciably reduced by the
rearward fins. As expected, however, the reduction is
small, The effect of the fins on the drag at zero yaw
(normal-flight condition) was not measurable.

In order to check further on the relative effects of
the sharp edges and the increased area back of the center
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of eravity, the unfaired type 2 fin on fuselage 4 has
been compared with fuselage: B in figure 6. Puselage B,
as previously mentioned, has the same side area asgs fuse-
lage A plus the type 2 fin and was derived by fairing
thel type 2 fin dnto the fuselage tail with modeling ‘clay
to eliminate the sharp edges. Figure 6 gshows that, al-
though Dboth the type 2 fin and fuseclag B were less un-
stable than fuselage A4, the nprovcmont obtained from
fuselage 3B was less than half that obtained from the
type 2 fin. It is therefore avparent that the sharp edges
of the unfaired fin were advantageous in reducing the un=-
stable yawing-moment coefficients of the fuselage shapes.

Fuselage A with the type 2 fin had the larges
values of lateral-force coefficient at large angles of
vaw, fuselage 3B had smaller values, and fuselage A
alone had the smallest values. Inasmuch as a large lat-
eral force is desirable for stability when sideslippning,
fuselage A with the tyvpe 2 fir would also be better than
Bsieliaiccr | B for thie maneuwer.  Ther valueg of fdragcoef -
ficient at large angles of vaw decreased in the same order
as the values of lateral-force coefficient. The minimum
drag coefficient at zero yaw was unaffected by fuselage
shape or type 2 fin, within the experimental accuracy of
the tests, in spite of the fact that the drag coefficlents
in every casc were based on the volume of fuselage A,

The fins mounted forward (fig. 7) proved to be harm-
ful to stability in yaw. The anticipated spoiler action
did not occur and these forward fins are therefore unde-
sirable, The lateral-force and drag coefficients increase
with the angle of yaw and the fin width.

The comparative nlots (fig. 8) for fins mounted in
both forward and rearward locations show that these ar-
rangements are in every case less desirable than the com-
parable arrangements with the rearward fin alone (fig. 5)
from consideration -of stability in yaw. The lateral-
force and the drag coefficients for the combination
forward-and~rearward location increase with increases in
the angle of yaw and the fin area and are greater than
for comparable arrangements of forward or rearward fins
alone,

A comparigon of the severzl locations of the fins
with a width of 0.344 inch (fig. 9) sktows thaat oanly com—
binations with the rearward fin decresse the uncsinbdle
vyawing-noment coefficient of the fuselage at large angles
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of yaw. The drag and the lateral-force coefficients at
large angles of yaw, however, increase in propertion to an
1 nigneaise) My sbhe £in afes.  The drag ond the stabilistyédn
yaw at ‘small angles of yaw z2reé only slightly affected by
the various locations of the 0.,344~inch firn on fuselage A,

CONCLUSIOXNS

n decreas-

le The rearward fins were very effective i
age at the

ing the unstable yawing moment of the fusel
large angles of yawe

2. The beneficial effects of the forward-and-rearward
combination of fins and of the fin completely around tkhe
fuselage were due to the presence of the fin area behind
the ecenter of gravity of the model. i

edges were found definitely benefi-

5 The sharp fin
a s .0f yaw.

cial at large angle

4, The minimum drag coefficient and the siope of the
curve of the yawing—moment coefficient of the fuselage at
zero yaw were unaffected by the addition of the FRsiEy,
within the experimental accuracy of the tests.

Langley Memorla; Aeronautical Laboratory,
National Advisory Committee for Aeronautlps,
Langley Field, Va., October 22, 1840,
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Dimensrons of curcular 7Uselage A

IR Ao PRI s O Aadics
o o 8.3/12 3.288 32.3/12 2.576
312 772 /2.3/2 3.4/0 34.3/12 2170
Bie 1242 76.3/2 3440 36.312 1698
13/2 1.572 20.3/2 3.406 38.812 1.000
23/2 2044 243/2 3.268 39.3/2 .548
£3/2 2650 28.3/12 2.990 40.3/2 a

— Fn width measured norrra/
v fo fusekge surface

Wy

|
- S04 ‘,2‘,,,1'_,4

(@) Forward and rearward fins,0/72~, Q344 -ard 2 1
0688-/rch wide, /in place on fuselage A. £ r‘

‘ Forward Midde :
A=l o l

Rearward

(b) Forward, middle, and rearward 7ins, O344-inchH
wide In place on /u.ce/aye A.

e 321" >
B ‘
‘—l L=403/2"

—*

—~— 1674675 |
|

(€) Wire,aouz-1neh diameter, /n prace or rose of fuselage A,

_—Bross fin, )32 " Mhick
St h eaz/w Soft solder

Section A-A Section B-B

Figure [,— Circular fuselage showng fin amangements (ested on fuseloge A .
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(a) Fuselage B with dorsal finm in place and faired with .
m.ﬁg olay. i S0P =544
O e
7;/an fin
————  Modeling clay ped Ln
.77"-—j -

(b) Sectioms A-A and B-B of
fugelage A faired with
modeling clay to make fusel-

age B.

Ssotion A-A Section B-B
Figure 3.- Circular fuselage A showing type 2 fin and fairisg used to cosvert

it into fuselage B.

g ¥y




b NACA Technical Note No. 785 Figs.3,4 |

e . & o ol ‘

} Figure 3.- Side view of streamline circular fuselage B with faired type 2 fin
in place.mounted in the 7-by 10-foot wind tunnel.
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