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THE LATERAL STABILITY CHARACTERISTICS OF A
0.10-SCALE MODEL OF THE GRUMMAN XF9F—2 AIRPIANE —

TED NO. NACA DE 301

By Edward C. Polhamus and Thamas J. King, Jr.
SUMMARY

An investigation was made in the Langley high-speed 7— by 10—foot
tumnel to determine the high-—speed lateral and directional stability
characteristics of a 0.10-scale model of the Grumman XFOF-2 airplane
in the Mach number range from 0.40 to 0.85.

The results indicate that static lateral and directional stability
is present throughout the Mach number range investigated although in
the Mach number range from 0.75 to 0.85 there is an appreciable decrease
in rolling moment due to sideslip. Calculations of the dynamic stability
indicate that according to current flying—quality requirements the
damping of the lateral oscillation, although probably satisfactory for
the sea—level condition, may not be satisfactory for the majority of
the altitude conditions investigated.

INTRODUCTION

At the request of the Bureau of Aeronautics an investigation of
the high—speed stability and control characteristics of a 0.10—scale
model of the Grumman XF9F—2 airplane was conducted in the Langley
high—speed 7— by 10—foot tunnel.
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The results of the longitudinal stability and control investigation
have been reported in reference 1. The present paper presents the
results of the lateral and directional stability investigation at Mach
numbers ranging fram 0.40 to 0.85, and includes calculations of the
estimated period and damping characteristics of the rudder—fixed
lateral oscillation.

COEFFICIENTS AND SYMBOLS

The stability system of axes used for the presentation of the data,
together with an indication of the positive forces, maments, and
angles, is presented in figure 1. The symbols used are defined as
follows:

Cy, 1lift coefficient (Lift/qS)

Cy rolling—mament coefficient (L/qSb)

Gy yawing-moment coefficient (N/gSb)

Cy lateral—force coefficient (Y/qS)

L rolling moment, foot—pounds

N yawinc moment, foot—pounds

¥ lateral force, pounds

W weight, pounds

q free—stream dynamic pressure, pounds per square foot
(pV2/2)

fo) mass density of air, slugs per cubic foot

v free—stream velocity, feet per second

S wing area, square feet

b wing span, feet

M Mach number (V/a)

a velocity of sound, feet per second
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Reynolds number (pVe!/u)
absolute viscosity of air, slugs per foot—second

angle of attack of model, measured fram the X—axis to
the fuselage reference line, degrees

angle of sideslip, radians

angle of yaw, degrees

angle of attack of principal longitudinal axis of air—
plane, positive when principal axis is above flight
path at the nose, degrees

angle between fuselage reference line and principal axis,
positive when fuselage reference line is above principal
axis, degrees

angle of flight path to horizontal axis, positive in a
climb, degrees

rolling angular velocity, radians per second
yawing angular velocity, radians per second

radius of gyration in roll about principal longitudinal
axis, feet

radius of gyration about principal normal axis, feet
period, seconds

cycles to damp to one-half amplitude

time to damp to one-half amplitude, seconds
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APPARATUS AND METHODS

Tunnel and Model

The tests were conducted in the Iangley high—speed T7— by 10—foot
tunnel, which is a closed rectangular tunnel of the return—flow type
with a contraction ratio of 15.7 to 1.

The 0.10—scale steel model was constructed at the David Taylor
Model Basin, Carderock, Maryland. Details of the model as tested
are presented in figure 2. The model was tested through a Mach number
range of 0.40 to 0.85 at various angles of yaw on the sting support
shown in figure 3.

The variation of test Reynolds number with Mach number for average
test conditions is presented in ficure 4. The degree of turbulence of
the tunnel is not known but is believed to be small because of the high
contraction ratio. Experience has indicated that for a model of this
size constriction effects should not invalidate the test results at
corrected Mach numbers below about 0.91.

Support System

A sting—support system was used to support the model in the tunnel
and a photograph of the test setup is presented as figure 3. The sting
extended from the rear of the fuselage to a vertical strut located

CONFIDENTIAL
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behind the test section. This strut was mounted on the tunnel balance
system and was shielded fram the air stream by a streamline fairing.

The tare forces and maments produced by the sting were determined
through the Mach number range by mounting the model on two wing stings,
which were also attached to the vertical strut, and testing the model
with and without the center sting. With the center sting in place, the
duct flow was bypassed throuszh a hole in the underside of the aft
portion of the fuselage, while without the center sting, the flow was
exhausted out of the rear of the fuselage. Therefore, the corrected data
represent, within practical limits, the power—off condition with flow out
of the rear of the fuselage. Angles of yaw were changed by the use of
interchangeable couplings in the stings aft of the model. The deflec—
tions of the support system under load were determined fram static
loading tests.

Corrections

The test results have been corrected for the tare forces and
maments produced by the support system. The corrections due to the
Jet—boundary induced upwash were camputed and found to be negligible
and therefore have not been applied. The dynamic pressure and Mach
number have been corrected for blocking by the model and its wake by
the method of reference 2.

DISCUSSION

Basic data.— The basic data are presented in figure 5 in the form
of side—force, yawing-mament, and rolling-mament coefficients plotted
against angle of yaw at zero angle of attack for various Mach numbers
fram 0.40 to 0.85.

Iateral—stability parameters.— The lateral-stability parameters,
obtained fram the basic data of figure 5, are presented as a function
of Mach number in figure 6. The values, when extrapolated to a Mach
number of 0.18, are in good agreement with the low—speed wind—tunnel
results presented in reference 3 with the exception of the effective
dihedral parameter Clw which appears to be about 15 percent higher

than the low—speed value. However, the low—speed model was tested
without tip tanks, and it has been demonstrated on similar models (for
example, fig. 29 of reference 4) that tip tanks can easily increase the
dihedral effect by this amount.

At a Mach number of 0.40 the effective dihedral parameter C-L\lr

is equivalent to about 10° of positive geametric dihedral and increases
with Mach number up to 0.75 where it is equivalent to about 15© of
positive geametric dihedral. (See reference 5.) Above a Mach number

CONFIDENTIAL
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of 0.75 there is a decrease in the effective dihedral with increasing
Mach number which is probably due to a loss in the wing dihedral effect
since the loss occurs at the same Mach number as the loss in 1lift~
curve slope. (See fig. 10 of reference 1.)

Static directional stability an is present throughout the Mach

number range and increases fram a value of -0.0021 at a Mach number
of 0.40 to a value of —0.0027 at a Mach number of 0.85.

Dynamic stability.— The period of the rudder—fixed lateral

oscillation and the time and cycles required to damp the oscillation
to one-half amplitude have been evaluated by the method of reference 6
and are presented in figure 7 for several wing loadings and altitudes
throughout the Mach number range. The various parameters used in the
calculations are presented in table I. The rotary derivatives were
estimated with the aid of references 3 and 7 to 10. Also, presented

in figure 7 is a comparison of the damping characteristics with the
requirements set forth in reference 11. According to these require—
ments, the damping of the oscillation is satisfactory for the sea—level
condition but unsatisfactory for the majority of the altitude conditions
investigated.

CONCLUSIONS

Based on high—speed wind—tunnel tests of the lateral stability
characteristics of a 0.10—scale model of the Grumman XF9F—2 airplane
in the Mach number range fram 0.40 to 0.85, the following conclusions
have been drawn:

1. Static lateral and directional stability is present throughout
the Mach number range investigated although in the Mach number range
fram 0.75 to 0.85 there is an appreciable decrease in rolling mament

due to sideslip.
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2. Calculations of the dynamic stability indicate that according
to current flying—quality requirements the damping of the lateral
oscillation, although probably satisfactory for the sea—level condition,
may not be satisfactory for the majority of the altitude conditions
investigated.

Langley Aeronautical Laboratory
National Advisory Cammittee for Aeronautics
Langley Air Force Base, Va.
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TABLIE I

PARAMETERS USED IN THE CALCULATIONS OF THE PERIODS AND DAMPING

OF THE LATERAL OSCILLATION OF THE GRUMMAN XFOF—2 AIRPILANE

Altitude | M | kx® | kg2 | €| n el B Gars #0 Gt} Ony Cnp Cis | Cng | Cyp
30,000 [0.60 [L40.50 [79.80| 2.8 1.4| 0]0.379]| —0.54%4 | 0.147 [0.027 |—-0.231 | —0.11% [ 0.129 |—0.631
0 0 279 =546 | 132 | .038 | «.230 | =119 | '.135 | —.671
s, =0 2U3F = ST 128 | .0k | —.229 ) =122 | .1M0° | =.688
.80 R3S 2131 <58k | 126 | s0h3 | —232 | '=.100 | aké [ — 7Ll
.85 iyl 190} =50k | 122 1 SOl | —.246 ] <056 | 155 | ~.718
Sea level|0.40 | 40.50 |79.80|2.8| 0.3 | 0 |0.253| —0.519 | 0.110 |0.036 |-0.229 | —=0.110 | 0.120 |-0.619
.60 5 112 | —.544 | .08% | .049 | —.228 | —.114 | .129 | —.639
S0 i) 20831 - 5lee 1,080 1052 | =828 o118 1 135 | =671
.15 S - ey MRSl W I oo S o 57 Wi PSR - o ot gy 212 M S T o g BRI =5 )
.80 ~1.9 > 067 18 068N 1L 0T8T 05 23 Ll 100 5 J6 =T Y:
-85 -1.8 20867 . 5O F 078 08l ] =2h8 1 056 155 =TS
30,000 |0.40 |13.75 {66.80{2.8] 3.8 ] 0 |0.569| —-0.519}0.173 {0.008 |-0.236 |-0.110 |0.120 |-0.619
.60 0 253 | —.544 | .118 | .038 | —229 | ~.114 | .129 | —-.631
.70 =g Vg6 (=eshE | 10T ] 085 | L2288 ha s 11 g il 15 L S 6TE
<75 ~L.3 162 1 =571 105 | .08 | =.228 [ 122 | .140" | ~.688
.80 ~1.2 M@ <580 103 O8] w2317 0109} J1h6 | eeTiL
.85 S Jd26 - wsoli - AL T Ol ] —.2h5d w056 1 <155 | w718
Sea level|0.40 [13.75 |66.80 | 2.8|-0.6§ 0 [0.169|—0.519 | 0.092 |0.043 }|-0.228 | -0.110 | 0.120 |-0.619
.60 =156 075 | V=Sl ] 075 ] 052 | =228 | —e11h | ".129 | =631
£70 2050 055 =546 | .073 1 054 | —227}| ~.119 | .135 | =671
) 2.1 o481 =571 072 | 055 | =227 | ~.122 | 140 | —.688
.80 -2.1 o2 | ~.584 1 012 | 055 | —.231| ~.109 | .146 | —.T1L
.85 =lelpb L0 5 5ol OFa ¥ J056+ | es.205 4i i 056 K4 155 =718
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Figure l.— System of axes and control-surface hinge moments and
deflections. Positive values of forces, moments, and angles
are indicated by arrows. Positive values of tab hinge moments
and deflections are in the same directions as the positive
values for the control surfaces to which the tabs are attached.
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Figure 3.— Photograph of the 0.10—scale model of the Grumman XFI9F—2 airplane mounted on the sting

support.
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Figure 4.— Variation of test Reynolds mumber with Mach number for the 0.10—scale model of the Grumman
XFOF—2 airplane.
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Figure 5.— Aerodynamic characteristics in yaw of the 0.10-scale model of the Grumman XF9F—2 airplane,
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Figure 5.— Continued.

BTSHOTS W VOVN



.08
/,/
04 /O/
&
¥
0 e
i
04
a2
2% CZ
2 o
i ot
-/ o,
Cn™
02
< B o Z <
;/’ CONFIDENTIAL
() M =0. 825"

&

CONFIDENTIAL

31

P
\W
&
\
?
L

Figure 5.~ Concluded.

‘\Q\
S e g
TRICA -
A = 5, 2 A &
V8
AN =0 &5

BTIZHOIS W YVOVN



~ NACA RM SLO9G2la

: CONFIDENTIAL
003 i

s, 002 ==t

| Jo0/

7

~00/

~002

\\r\
B

003
A R A s SRR RN

Mach ramnber, A7

CONFIDENTIAL

Figure 6.— Effect of Mach number on-the lateral—stability parameters of
the 0.10-scale model of the Grumman XFOF—2 airplane, a = 0°.
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Figure T7.— Estimated characteristics of the lateral oscillation of the Grumman XFGF—2 airplane.
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