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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

'EFFECT OF VARIOUS OUTBOARD AND CENTRAL FINS ON LOW-SPEED
YAWING STABILITY DERIVATIVES OF A 60° DELTA-WING MODEL

By Alex Goodman
SUMMARY

An investigation has been conducted in the 6- by 6-foot curved-flow
test section of the Langley stability tunnel in order to determine the
effects of various outboard and central fins on the low-speed yawing
stability derivatives of a triangular-wing model.

The results of the investigation indicated that the highest-aspect-
ratio central fin in the rear position contributed more damping in yaw
Cnpy per unit area and maintained its effectiveness in producing damping

in yaw to higher 1ift coefficients than the lower-aspect-ratio central
fins and the outboard fins. The effect of lateral movement of the out-
board fins on the yawing stability derivatives was fairly small. The
effect of the outboard fins on the damping in yaw at low 1lift coeffi-
cients could be predicted by use of elementary concepts.

In order to predict the effects of central fins on the yawing sta-
bility derivatives by use of simple theoretical expressions it was found
necessary to employ an effective center of pressure of the load contrib-
uted by the fin. '

INTRODUCTION

A systematic program has been initiated by the National Advisory
Committee for Aeronautics for experimentally determining the static and
rotary derivatives of various wings and complete airplane configurations.
The rolling-flow and curved-flow equipment of the Langley stability
tunnel (references 1 and 2) is being used to determine the rotary deriva-
tives. As part of this program, several triangular-wing models are being
investigated. The static and rolling characteristics of one triangular-
wing model is reported in reference 3.
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The present investigation was conducted in order to determine the
effects of several central and outboard fin configurations on the low-
speed yawing stability characteristics of the triangular-wing model of
reference 3.

Comparisons of the effectiveness of the various fins in producing
damping in yaw are made, and curves showing the variation of the effec-
tive center-of-pressure location of the central fins with angle of attack
are presented. A procedure is suggested for employing these centers of
pressure in calculating the contribution of central fins to the various
stability derivatives of similar model configurations.

SYMBOLS

The data presented herein are in the form of standard NACA coeffi-
cients of forces and moments which are referred to the stability system
of axes with the origin at the calculated aerodynamic center of the wing.
The positive direction of the forces, moments, and angular displacements
are shown in figure 1. The coefficients and symbols used herein are

defined as follows:

CL lift coefficient [-Lift
1.y2
pVeS
2
CY lateral-force coefficient (Lateial force)
v2s
2
Cy rolling-moment coefficient Rolling moment
1 2
=pV<Sb
2
, . .. Yawing moment
Cp yawing-moment coefficient
157250
2
aCy,
La = 3a
aC
Cy. = b4
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oGy
2V
oCp
Cnr B 5 b
(&)
oCy
Cy. = —2L
B 3B
C _9Gy
T
aC
C, . = =0
aoCy
‘e
oCy
Cy = —=
v
oCp
C T c——
Dy 3y
p mass density of air, slugs per cubic foot
N free-stream velocity, feet per second
S area, feet
b span, feet
A aspect ratio (b2/S)
c chord parallel to plane of symmetry, feet
- . > [b/2
C mean aerodynamic chord, feet 3 c2dy
0

wf

perpendicular distance from fuselage center line to center
of pressure of fin, feet
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l longitudinal distance from center of gravity to fin center of
pressure, feet

X longitudinal distance along fuselage center line, feet
a angle of attack, degrees
B angle of sideslip, radians (—1)
¥ angle of yaw, degrees
A angle of sweepback of quarter-chord line, degrees
AL E angle of sweepback of leading edge, degrees
R Reynolds number
: Tip chord

t rat —+1D chord
A aper ravio (Root chord)
%% yawing-velocity parameter
T yawing angular velocity, radians per second
Subscripts:
W wing
t fin

APPARATUS, MODEL, AND TESTS

The tests of the present investigation were conducted in the 6- by
6-foot curved-flow test section of the Langley stability tunnel. In this
test section curved flight is simulated by directing the air in a curved
path about a fixed model (reference 2).

All the component parts of the model were constructed of laminated
mahogany, and all surfaces were given a polished lacquer finish. The
wing had an angle of sweepback of the leading edge of 60°, a modified
NACA 65(06)-006.5 airfoil section parallel to the plane of symmetry, and

an aspect ratio of 2.31 (fig. 2). Photographs of several of the model
configurations tested are presented as figure 3.
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Outboard fins of A4 = 1.5 and At = 1.4 were tested in the span-
wise positions shown in figures lL(a) and L(b), respectively. Single
central vertical fins having aspect ratios of 0.77, 1.15, and 2.31 were
tested on the fuselage in the two positions shown in figure 5. A summary
of these test configurations is given in table I. The rolling-moment,
yawing-moment, and lateral-force coefficients were determined for each
configuration by testing each model configuration through an angle-of-
attack range from a = -4° to beyond maximum 1lift at values of rb/2V
of 0, -0.032, -0.067, and -0.088., The variation of the rolling-moment,
yawing-moment, and lateral-force .coefficients with rb/2V are the sta-
bility derivatives Ci,, Cnyp, and CY,, respectively.

The outboard fin of Ay = 1.4 (position 3) and central fin of
Ay = 2.31 in the rearward position were tested through an angle-of-yaw
range for the aforementioned negative values of rb/2V at several angles
of attack in order to determine the variation of Cy,., Cn,, and Czr

with ¥. Results for positive values of rb/2V and positive values of

y were obtained by assuming that the model was symmetrical about the
XZ-plane and by utilizing the results for the corresponding opposite
angles of yaw and rb/2V with regard for signs. This procedure amounted
to averaging the derivatives for corresponding positive and negative
angles of yaw. The values presented in this paper are these average
values.

The test Reynolds number and Mach number were 1,62l x 106 and 0.13,
respectively.

CORRECTIONS

Corrections for the effects of- jet boundaries, based on unswept-
wing theory, have been applied to the angle-of-attack and rolling-moment-
coefficient data.

The lateral-force coefficient has been corrected for the buoyancy
effect of the static-pressure gradient associated with curved flow.

No correction for the effects of blocking or support-strut inter-
ference has been applied.

RESULTS AND DISCUSSION

Presentation of Results

The results of the present series of tests are given in figures 6
to 13. The variation of 1lift coefficient with angle of attack for the
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wing, wing-fuselage combination, and for each wing-fuselage-fin combina-
tion is presented in figure 6. The static and rolling characteristics
for this model are presented in reference 3. The yawing stability deriv-
atives obtained for the wing, wing-fuselage combination, and for each
wing-fuselage-fin combination are presented in figures 7 to 11. The
variation of the yawing stability derivatives with angle of yaw for two
fin configurations is given in figure 12 Table I summarizes the various
model configurations and figures where the data are presented.
i

The variation of the calculated effective center of pressure with
angle of attack for several of the centralvertical fins is presented in
figure 13.

Wing and Wing-Fuselage Results

The lift-curve variations obtained for the wing and wing-fuselage
combination presented in figure 6 are very similar to the results pre-
sented in reference 3.

The effect of the fuselage on Cp,. and OCi, was very small over
most of the lift-coefficient range (fig. 7). Beyond a 1lift coefficient
of about 0.65, Ci, for the wing-fuselage combination becomes more

negative than for the wing alone. This change occurs for the same lift-
coefficient range as the reduction in lift-curve slope and the decrease
in CZW caused by the addition of the fuselage to the wing as shown

in figure 6 and in reference 3, respectively.
Effect of Outboard Fins
Symmetrical outboard fins.— The addition of the fins of Ay = 1.5

to the model in either position 1 or 2 (fig. L(a)) caused negative
increments of Cp, and positive increments of Cy, as would be expected.

The effect on Cpnp of shifting the fins inboard is very small at low
1ift coefficients but causes approximately a 50-percent decrease in Cny.

at a 1ift coefficient of 0.5. The contribution of the outboard fins to
Cp, and Cyr can be determined at low 1ift coefficients with good

accuracy from equations based on elementary considerations. (See
table II.) The equations employed for estimating the effects of the
vertical fins (reference L) are

2 é CYpy, (1)

ACYrt

8Cny, = -2(%>2cyﬁt (2)
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where the center of pressure is assumed to be at the quarter-chord point
of the mean aerodynamic chord of the outboard fin.

The effects on (i, of shifting the fins inboard are small and
poorly defined for 1ift coefficients below Cj, = 0.6, At Cp = 0.63, a
sharp break in Cil, occurred for the inboard fin position (position 2).

This break corresponds to the decrease in lift-curve slope obtained at
the same 1lift coefficient (fig. 6). Breaks also appear in the curves
of Cnp and Cy,. at OCp = 0.63. The phenomenon which causes these

irregularities is discussed in the following section.

Upper-surface outboard fins.— Mounting the upper-surface outboard
fins at At = 1.4 shown in figure L(b) on the model caused appreciably
larger increments in Cp, and Cy, at low and moderate 1lift coeffi-

cients than were obtained with the smaller symmetrical fins, as would
be expected (figs. 8 and 9). The effect on Cnr and CYf of shifting

the fins inboard is very small below a lift coefficient of 0.6.

The contribution of the upper-surface outboard fins to Cn, and
CY, (table II) can be determined with good accuracy at low 1ift coeffi-
cients by equations (1) and (2).\

The addition of the upper-surface outboard fins caused an appreci-
able positive shift in Ci, at Cp = 0. As in the case of the symmet-

rical outboard fins, a partial stall occurs at Cp, = 0.48 when the
upper-surface fins are moved inboard from position 1 to position 2 and
at Cp = 0.6 when they are moved to position 3 (fig. 9). The partial

stalling is also indicated by the decreases in Cr, and the irregulari-
ties in Cp,. and CYr at the same 1lift coefficients for fin positions 2
and 3 (figs. 6 and 9).

An explanation for these breaks has been advanced in reference 3.
Results of tuft studies (reference 3) indicated that a sudden flow
reversal (stalling) occurred just outboard of the fins in either posi-
tion 2 or 3. Pressure-distribution investigations reported in refer-
ence 5 show that two semispan vortices, which exist for wings of trian-
gular plan form, are swept inward from the tips as the angle of attack
is increased. It appears that when these vortices approach the fins,
the fins are subjected to such large induced angles that sudden stalling
of the fins occurs and thus the portion of the wing outboard of the fins
stalls. As the fins are moved inboard, the contact of the vortex and the
fin is delayed until a higher angle of attack; but when stalling does
occur, the adverse effect is greater since the area outboard of the fin
is larger.
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Effect of Central Fins

The addition of the central fins to the wing-fuselage combination
(fig. 5) had very little effect on the lift characteristics of the
model as can be seen in figure 6.

The effect of the various central fins on Cnp, OCip, and Cy, is
similar in many respects to their effects on an, CLW’ and CYW given

in reference 3. In general, the effectiveness per unit area of the
central fins increased as the size of the fins increased. All the cen-
tral fins in the forward position produced negative increments of Cp

and positive increments of Cj,, and Cy, as would be expected. Moving

the fins rearward generally accentuated these effects except for the
smallest fin (A = 0.77) in the rearward position where the increment
of Ci, contributed by the fin was negative above CL = 0.1.

A comparison of the values of Cpn, obtained for the outboard and
central fins indicates that the loss in Cp, at high 1ift coefficients

is smaller for all forward and rearward central fins than for the out-
board fins. Of all the fins investigated, the central fin (A = 2.31
in rearward position) was found to be the most effective for producing
Cnp on the basis of equal areas.

Effects of Yaw

The variation of the derivatives Cp, and Cy, with ¥ for the

central fin (At = 2.31 in rearward position) and the outboard fin
(At = 1.4 1in position 3) is fairly small through the yaw range for the
angles of attack investigated (fig. 12). The central fin shows a fairly
large percentage change in Ci, with V¥, but 1little or no change occurs

in the variation of Cj, with V¥ for the outboard fin (fig. 12).
Effective Center-of-Pressure Location for
Central Vertical Fins

Because of the proximity of the central. vertical fins to the wing
and consequently a lack of knowledge of the effective tail length, it
was found difficult to make simple estimations of the tail contribution.
The results of these tests have thus been converted to the form of
effective centers of pressure of the vertical surfaces from which esti-
mates of tail contributions to the yawing derivatives may be made by use
of the considerations of reference L. The equations for the tail contri-
bution to Cp,. (equation (2)) and to Ci.
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iz I .
AC = E—
Ly 2 o\g ~ g Sin &)CYBt (3)

were used as a basis for calculating the effective centers of pressure
of the vertical surfaces.

Equations (2) and (3) were solved for the factors /b and 7Z/b
for several angles of attack, using experimental values of Acnrt’ ACzrt,

and CYﬁt' The values obtained for !/b and z/b for the central

vertical fins are presented in figure 13.

By using equations (2) and (3), the results of figure 13, and
either experimental or estimated values of CYBt, the contributions of

fins to the values of Cnrt and Czrt may be estimated for model con-

figurations similar to those employed for these tests. Values of /b

Z/b can be obtained for triangular fins having aspect ratios from
0.77 to 2.31 by interpolating the results of figure 13. These values
of l/b and %/b are expected to apply only to fin-wing combinations
having area ratios St/Sy close to those of the fin-wing combinations
presented.

Experimental values of CYBt are preferable for calculations of

the nature discussed herein. However, if experimental values are not
available, theoretical values of the tail lift-curve slope CLat can be

obtained from references 6 and 7 and CYBt can be estimated by

CYﬁt = 57-30Lat 2_:; ‘ ().l)

As shown in figure 13, the effective centers of pressure move
rearward with respect to the calculated aerodynamic center (Et/h) of
the fin as the fin is moved forward. This effect is probably caused by
the change in relative importance of the loading resulting from the '
curvature of the flight path. In most cases the effective center of
pressure was approximately at the center of area of the fin.

CONCLUSIONS

An investigation of the low-~speed yawing stability derivatives of a
triangular-wing model with various fin arrangements 1nd1cated the follow-
ing conclusions:
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1. The highest-aspect-ratio central fin in the rear position contrib-
uted more damping in yaw Cp. per unit area than any of the lower-—
aspect-ratio central or outboard fins tested. The central fins maintained
their effectiveness in producing damping in yaw to higher 1ift coeffi-
cients than the outboard fins.

2. The effect of the lateral movement of the outboard fins on the
yawing stability derivatives was fairly small at low 1lift coefficients
but became more important at higher 1ift coefficients. The contribution
of the outboard fins to the damping in yaw at low 1ift coefficients
could be predicted by use of elementary concepts.

3. The variation of the yawing stability derivatives with angle of
yaw for several fin configurations was generally found to be small for
the angle-of-attack range investigated.

L. In order to predict the effects of central fins on the yawing
stability derivatives by simple theoretical expressions it was found
necessary to employ an effective center of pressure of the load contrib-
uted by the fin. The calculated effective center of pressure of the
central fins was found to move rearward with respect to the quarter-
chord point of the fin mean aerodynamic chord as the fin was moved for-
ward on the fuselage.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I.- CONFIGURATIONS INVESTIGATED
. . Fin aspect ratio, Area ratio, . . .
Configuration At St/Sw Fin location Figure
' Outboard
+—— 1.5 0.083 0.83 b/2
8
_=}_—_Q%= 1.5 0.083 0.50 b/2
—%:L— 1.4 0.22 0.7l b/2
_J=©—_—J=— 1.k 0,22 0.63 b/2 > 9
—-——I—O='= 1.k 0.22 0.50 b/2
Central
0.77 0.33
‘ Cé 1.15 0.50 > Forward e 10
@»éL 2.31 0.2
é 0.77 0.33
é 1.15 0.50 ¢ Rear > 11
<<=>:/> 2.51 0.25

NACA
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TABLE II.— COMPARISON OF EXPERTMENTAL AND CALCULATED
VALUES OF ACnrt AND ACYI.t AT C; =0
Experimental Calculated
“Configuration
€ Cypy Mnp, | ACYp, Mnpy | 8CTp,
4—:@# 0.177 -0.05 0.11 -0.046 0.127
.-%ﬁ: 0115 -005 008 —ooho olll
;;O:: .550 —.220 .).ls -020)4 0)-17
"L“OZ_ «562 ~.240 L5 -.208 .48
-={>:“=— .573 -.210 -).12 ~.212 .)_19
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ZZ ~NACA
Jection A-A

Figure 1.- System of stability axes. Positive forces, moments, and angles
are indicated.
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Figure 4.- Positions and dimensions of the outboard fins. All dimensions
are in inches unless otherwise specified. Profile of fins, flat plate.
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Figure 6.- Variation of C;, with o for a triangular-wing model with
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various fin configurations.
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—O— Wing alone
—— Wing and fuselage
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Lift coefficient, Cy

Figure 7.- Variation of CYr’ Cnr’ and Czr with C, for a triangular

wing of aspect ratio 2.31 with and without a fuselage of fineness
ratio 7.38; By = 52.2°,
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Figure 9.- Effect of outboard fin position on CYr’ Cnr, and Clr of a

triangular-wing model. Fin aspect ratio, 1.k4; Mg = 53°; A = 0.22;
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Figure 10.- Effect of central vertical fins on CYr’ Cnr’ and CZr of a
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Angle of yaw, y, deg

s
(a) Central fin of A = 2.31 1in rearward position. gt = 0.25.

Figure 12.- Variation of Cy.,., Cnr’ and Clr with V¥ at several angles
of attack for a triangular-wing model.
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Figure 13.- Effective center of pressure, at several angles of attack, for
several central fins on a triangular-wing model.
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