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TIND-TUNNEL INVESTIGATION OF FUSELAGE STABILITY IN T

YAV WITE VARIOUS ARRANGEMENTS OF FINS

By Z. Page Hoggard, Jr. ST

SUMMARY

An investigation was made in the 7~ by 10-=foot wind _
tunnel to determine the effects of dorsal-type finms and _ o
of ~arious arrangements of fins on the aerodynamic char- i
acteristice of a streamlire circular fusela<ge. Compara-
tive plots of the aerodynamic characteristics of tlhe fuse- .
lage alone and the fuselage with various fin arrangements I
are g2iven to show their effects on coefficients of yawing ~— '
moment, drag, and lateral force. Results are also £iven
for one case in which a rear fin on a circular fuselaZge LTS
was faired with modeling clay to obtain a fuselafe skape '
with the same side elevation as the fuselage with the un-
faired fin but with an eliiptical eross section over the o s

rearward portion of the fuselasge. _ T LT

The results indicated that fin aree to the rear of the - _
center of gravity of the fuselage was beneficial in reduc— .
ing the magnitude of the unstable rawling moments at larsge T
angles of yaw; waereas, fin area forward of %fthe center of ol
gravity was harmful. The dorsal-type fin was more effec- =
tive for increasing the yawing stadility of the fuselage
than was a smoothlv faired rearward portion with the same

typre fin., The mlnimum drag coszficient acd the slope of

the curve of vaw1nv~momont coefficioent of The fusslage at -
zero yaw were unaffected by the addition of the fins, with- =
in the experimental accuracy of the tests. o

INTRODUCTION ' oo

The Rreater portion of the fixed vertical tall sur-
faces of aircraft is required to counteract the directional _
1nstability of conventlonal fuselage shapes.  Hethods have ~— 77T
therefore becen suggested of reducing the maximum value of ’
the unstable fuselafe moment to permit a reduction of the
vortical tail, One method, waich has been emploved on com~
mercial sircraft, is the addition of a narrow strip of fin
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area, referred %o as a "dorsal" fin, along the top conter
line of the fuselage nhead of the usual vertical tail sur-—
face. Another method is the shaping of the rear of the
fugelage into a wedge, effectively adding fin area at the
top and the bottom, A third method recently suggested is
the addition of a sharp-~eige protuberance along the verti-
cal center line of the forward vortion of the fuselaJe.

It wns thought that such a protuberance, dy disturbing the
flow over the down-wird side of the wvawed fuselage, might
decrcase the magnitude of the nozative pressure in that
region forward of the center o6f gravity and thereby raduce
the unstable moment, v

These methods are primarily intended to reduce the
mexinum vaAlue of the fugelage yawing moment, which occufs
at moderately large ang£les of vaw where vertical tail sur—~
faces of conventional aspect ratiog are normally stalled.
Any reduction of slove of the gFawinz-moment curve in the .
vicinity of zero yaw is incidental, Xene of the methods
is expected apvreciably to increase the drag of the fuse=
lege for the unyewed condition of the mirplene. ’

In the reported lnvestigation two fuselage shapes
were tested in combination with fin area at various loca-
tions on the fuselage to prove the effectivsnegs af sach .
of the three methods. '

MODELS

The two fuselage shapes used in this investigation
are shown in figures L snd 2. One of these fuselages is a
body of revolution thet was previcusly used for the wing-
fuselage investigation revorted in reference 1, Tho other
shape was obtained by fairing the rearward portion of the
fuselage with modeling clay as shown in figures 2, 3, and 4.
The fuselamges will hereinafter be referrod to as "fuselage
A" gnd "fuselage B.U

The fin arrangements used are also shown in fizures 1

and 2. All fins except one of_L/SE—inch—diameter_wire_wezgu__

made of 1/2%2-inch shoet brass eut to conform to the fuse-
lage shape. In this report the constant-widta fins (fig.
1) will be called type 1, the tail-type fin (fig. 2) will
be called type 2., The fins woro soldered to the heads of
flat=head wood screws, imhodded in tae fusclage, which held
the ©ing snugly againsgt the fuselage to prevent .air leak-
age under them, N
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The type 1 fins were made in four widths, 0.07312,

0.172, 0.344, and 0,688 inch, which are equal %o 0.45, 2.5,
5.0, and 10.0 percent, respectively, of the maximum fuse-
laze diameter. The fins were cut ir sections so that they
could be attached to the fuselage in various combinations.
The fins attached to the forward portion of the fuselage
are desisnated forward fins and those attached to the renr-—
ward portion of the body are desisnated rearward fins..
The action of these rearward Fins, although they are dis-
rosed symmetrically above and below the fuselage, should
be similar to that of the dorsal-type fin used on several
present—~day transports. -

The tyve 2 fin was made to be attached to the rear-
ward portion of fuselaze A, This fin aas =~ width at theo
trailing edge 50 percent of the fuselage diameter and is
faolred into the top and the bottom conioursg of fuselage A
at a station 70 percent from the fuselage nose.

TESTS . ' -

The tests were made in the NACA 7- by 10-foot wind tun-
nel, which is described ir references 2 and 3. The testes
were made at a dynamic pressure of 18.37 pounds Der square v
foot, which corresnonds to a velocity of about 80 miles per
hour under standard sea-level conditions and %o a %test
Reynolds number of about 618,000 based on the cube root of
the fuselage volume (0,846 ft). - R =

No preliminary tests were made to determine the tare
forces and the moments caused by the modol-gupport fittings
vecauso it was believed that the relative merit of the var-
ious arrangenents would be unaffected oy the values of tare.

The tests were made at zoro angls of attack and at an-—
gles of yaw, V; ranging fraom =-10° to 50°,

RESULTS AND DISCUSSION - o -

The results of the tests are given in the form of R
WACA standard coefficients of ‘forces and monents with re-
spect to the wind axes +that intersect at tho center—of-
gravity location previously used in reforence 1 and snown

in figure 1. S

The coefficients used are based on the volume of fuse-—
lage A in accordance with the procedure of reference 4,
and are defined as follows: )
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Cp drag coefficient [—g3%§7;]
a(v)

Cy! 1lateral-force coefficient [lateral f°r°e]

q(v)a/s

. . L vawing moment about c.g.
Gn vawing-moment coefficient

aV

q dynamic vpressure (16.37 1b/sq ft)

V volume of fuselsge A (0,606 cu ft)

The effect of the rearward fins on the aerodynamic
characteristics of fuselage A 1is shown in figure 5. The
curves of yawing-~moment coefficien% show that, with the
0.172-~inch fin added to the rearward portion of the fuse-~
lage, the maximum value of the unstable yawling moment is
reduced by more than half. Increasing the fin height pro-~
gresgively decreased the maximum unstable yawing moment
and the trim angle, The effectiveness of lncreasing the
fin heighit, 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 1s
nearly equal to that of the 0.344-inch type 1 fin, This
result, couplod with thae fact that the effectiveness of
the type 1 fins was not proportional to the fip heisght,
apvears to indicate that the effectiveness of these fins
primarily depends on the length of the sharp edges and
thelr spoiling effect depends on the type of flow over the

)

rear portion of the fuselage. Thisg conclusion appears to _

be substantiatpd by the drag curves, waich show that the
increase in drag at large angles of yvaw ig also less for
the type 2 fin than the 0.344-~inch type 1 fin,

The slope of the curve of the rawing-moment coeffi-
clent at small angles. of yaw is apprecgiably reduced by the
rearward fins. As expected, however, the reduction is

small., The sffect of the fins on the drag at zero yaw
2normal—f;ight condition) was not measurable,

In order to check Ffurther on the relative effects of
the sharp edges and the increased area back of the center
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of gravity, the unfaired type 2 fin on fuselaze A has
been compared with fuselage 3B 1in figure 6. Fuselage 3,
as previously mentioned, has the same side area as fuse-
lage A plus the type 2 fin and was derived by fairing
the type 2 fin into the fuselage tail with modeling clay -
to eliminate the sharp odges. PFigure & shows that, al-
though both the type 2 fin and fuselage B were less un-—- e
stable than fuselage A, the improvement obtained from o
fuselage B 'was leoss than half that obtained from %the
type 2 fin, It is thorefore anparont that the sharp edgos
of the unfaired fin were advantagoous ‘in reducing the un-—-
stable yawing-moment coefficients of the fuselage shapes.

Fuselage A with the type 2 fin had the largest
values of lateral-Fforce coefficient at larze angles of
vaw, fuselage B had smaller values, and fusslage 4
&alone had the smallest values. Inasmuch as a large lat-
eral force is desiradble for stability when sideslipning
fuselage A with the twpe 2 fin would also be better than
fuselags B for this maneuver. The values of_ dray coef-
ficient at large angles of yaw decreascd in the same order
as the values of lateral-force coefficient. The minimum
iE2S_Eggiﬁigiggz_gj_ggz%ﬁ;gy was unaffected by fuselage
shape or type 2 fin, vi n the experimeuntal accuracy of
the tosts, 1n sp'fe of the fact that tho drag coeffic19&¥s
in every caso were based on tho volume of fuselafo A,

The fins mounted forward (fig. 7) proved to be harn—
ful to stabpility in waw. The ant1Cﬂpatea spoiler actlon_
did not occur and these Fforward fins are therefore unde-
sirable, The lateral-force and drag coefficients increass
with the angle of yaw and the fin width. oz

The comparative plots (fig. 8) for fins mounted in
both forward and rearward locations show that these ar-
rangements are in every case less desiradble than the com-—
parable arrangements with the rearward £ixn alone (fig._5) _
from consideration of stability in yaw. The lateral- . - T
force and the drag coefficients for the combination
forward-and-rearward location increase with increases in
the angle of waw and the fin area and are Zreaster than
for comparable arrangements of forward or rearward firs
alone. R

A comparison of the several locations of the fins
with a width.of 0,344 inch (fig. 9) stows thaat oaly com-—

binations with the rearward Tin decrense the unsinble c T =
yawing-moment coefficient of the fuselaSe at 1large angles
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of yaw, The drag and the lateral-~force coefficlents at
large angles of yaw, however, increase in proportion to an
increase in the fin area. The drag and the stavility in
yaw at small angles of yaw are only slightly affected by
the various locations of the 0.344-~inch fin on fuselage A,

CONCLUSIOXS

l. The rearward fins were very eﬂfecti#e in decreas-—
ing the unstable yawing moment of the fuselage at the
large angles of vaw.

2. The beneficial effects of the forward-and-rearward
combination of fins and of the fin completely around the
fuselage were dus to the presencs of the fin area beaind
the center of gravity of the model. :

3. ‘The sharp fin edges were found definitely benmefi-
cial at large angles of yaw..

4, The minimum drag coefficient and tke slope of the
curve of the yawing-moment coefficient of tkhe fuselage at
zero yaw were unaffected by the addition of the fins,
within the exvexrimental accuracy of the tests.

Langley Memorial Aeronautical Laboratory,
Nationgl Advisory Committee for Aeronautics,
Langley Field, Va., October 22, 1940.

»
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Figure 3.- Side view of estremmline circular fuselage B with faired type & fin
in place.mounted in ths 7-by 10-foot wind tuanel.
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