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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

CALCULATED LATERAL, FREQUENCY RESPONSE AND
LATERAL OSCILLATORY CHARACTERISTICS FOR
SEVERAL HIGH-SPEED AIRPLANES IN
VARIOUS FLIGHT CONDITIONS

By Byron M. Jaquet
SUMMARY

Calculstions have been made to determine the effects of Mach number
and altitude on the latersl frequency response, the lateral response to
g lateral sinusoldsl gust distribution, and the period and damping of
the lateral oscillation for the North American F-86A, Grummen FGF-2,
Republic F-84, Douglas D-558-II, and Bell X-1 alrplsnes without auto-
pllots. Aeroelastic end unsteedy lift effects have not been included
in the calculations smd msy have a large effect on the resulis for cer-
tain flight conditions. The results of the investigation are presented,
without ensalysis, for reference purposes.

INTRODUCTION

In order to improve the poor damping of the Dutch roll oscilllstion
of many current high-speed airplanes resort has frequently been made to
the use of autopilots. Autopilot characteristics are generally sveilable
in the form of frequency-response characteristics rather than in equstion
form. Hence, the lateral-frequency-response characteristics of airplanes
have become an increasingly more importent factor in the anslysls of the
stability of an airplane-sutopilot system.

Numerous studles have been made of the dynamic stabllity of airplanes
from the standpoint of period end damping of the latersl oscillation (see,
for example, refs. 1 to 5, although only a relatively few studles of the
freguency-response characteristics of high-speed airplasnes have been made
(see, for exsmple, refs. 6 to 11). A thorough study of the latersl-
frequency-response characterlisties, using transient-£light results, was
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made for a 35° swept-wing fighter sirpleme in the investigation reported
in reference 1l. A survey of various techniques for the stability anal-
¥ysis of automatically controlled gircraft is presented in reference 12.

The present paper presents the results of calculations made to deter-
mine the effects of Mach number and altitude on the perlod and damping of
the lateral oscillation and on the transfer functions resulting from
aileron or rudder deflection for the North American F-86A, Grumman FOF-2,
Republic F-84, Douglas D-558-II, and Bell X-1 airplanes without autopillots.
In addition, because of the importance of the response of airplanes to
atmospheric turbulence (ref. 13) the yaw response of the aforementioned
airplanes to a sinusoidal lateral gust distribution was calculated for
several Mach numbers and altitudes.

The results of the investigation are presented without asnalysis for
reference purposes.

COEFFICIENTS AND SYMBOLS

The data presented hereln are in the form of standard NACA coeffi-
clents of forces and moments and symbols and are referred to the stabil-
ity axes shown in flgure 1. The symbols end coefficients used herein
are defined as follows:

L lift, 1b

W weight, 1b

Y lateral force, 1b

L’ rolling moment, f£t-1b

N yawing moment, ft-1b

q dynemic pressure, lb/Sq ft
S area, sg £t

b span, ft

A aspect ratio, bz/S

p mass density of air, slugs/cu ft
v airspeed, ft/sec
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pb/av
rb/ov

P

3-%

dt

Hb

e

wing-tip helix angle, radisans
yawing-angular-velocity parameter, radians
rolling-angular velocity about X-axis, radian/sec
yawing-sngular velocity about Z-axis, radian/sec

total aileron deflection, deg

rudder deflection, deg

angle of bank, radians

radisn/sec

angle of yaw, radiasns unless otherwise noted

E-i’ radian/sec
dt

angle of sideslip, redians

angle of airstream with respect to initlal flight-path direction
of airplene, raediens unless otherwise noted.

angle of attack of fuselsge reference line, deg (see fig. 1)

angle of sweepback of wing, deg (subscript denotes chord line)

inclination of principal longitudinsl axis of sirplane with
respect to fiight path, positive when principal sxis is above
flight path at nose, deg (see fig. 1)

angle between reference axis and principal axis, positive when
reference axis is sbove principal sxis, deg (see fig. 1)

engle of £1ight path to horizontal axls, positive in e climb,
deg (see fig. 1)

relative density factor, W/gpSyby

acceleration of gravity, f£t/sec/sec
freguency, radisns/sec

netural fregquency, radisns/sec
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nondimensional frequency, EE

v

radius of gyrstion in roll about principal longitudinal axis, £t
radius of gyration in yaw about principal vertlcal axis, ft

nondimensionsl radius of gyration in yaw about principal lon-
gitudinal exis, Kxo/bw

nondimensional radius of gyration in yaw about principal verti-
cal axis, KZO/bw

nondimensionsl radius of gyration in roll about longitudinal
stability axis, \jEXO2 cosen + KZ02 sin‘?q

nondimensionsl radius of gyration in yaw about vertical stabil-
ity exis, \/VKZO2 coszn + KX02 sinen

nondimensional product of inertia parameter,
2 2
- K.x sin n cos 7

time, sec

nondimensional time parsmeter, tV/b

differential operator, d /dsb

time for oscillation to damp to one-half amplitude, sec

period of oscilistlon, sec

0.693
T1 /2%

ratlioc of actual to critical damping,
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E altitude, £t
M Mach mumber
R Reynolds number
Subscripts:
H horizontal teil
v vertical tall
W wWing
F fuselage
M gt any Mach murnber
M=20 gt Mach number O
cr, 1ift coefficient, L/qSy
Cy lateral-force coefficient, ¥/qS_
Cy rolling-moment coefficient, L'/qSyby,
Cp yawlng-moment coefficient, N/q_s",hw
GLu. = :21‘, per radisn
Cpn, = BCn, per radisn

B B
Cy = —BE-I-, per radian

B OB

3y
CIB = T per radiesn
Cn_p = a-a_PC_-‘_%’ per radian
av
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oCq
CZP = Pb,
o5
oCy
v, »
2V
Cpy
Cp =
v
3Cy
C'Lr = E‘B
2V
oCy
CYr - b’
Oov
oC,
c = —
15& Baa’
o L
By 38
C BCY
Yaa = '5'5';’
aCq
Czar = Sg’
aCq
Cogy. 35,
o
Cy, = CY:
8, a5

per radiesn

per redian

per

per

per

per

per

per

deg

deg

deg

deg

deg

deg
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CALCULATION METHODS

Equations of Lateral Motion

The linear nondimensional equetions of lateral motion, referred to
the stebility system of axes of figure 1, sare:

Roll:
(2%Kxaﬂb2 -1 CZpr)qJ + (2ubK}{an2 -
—2— CzrDb)\v - C;,BB = CzEaBa + C15r5r
Yaw:
2
(QubKXZDb -2 Cnpr)q’ + (E“bKZEDbE - L ()
1 -
s cnrnb)w = CngP = Cpg Br + Cnﬁasg
Sideslipping:
(-%cypnb - cgfo + (aub -%c:fr)nb - oy tan |y +

For the present investigetion, +tan v, Cna 3 CYS B Czar, and CYB
a a T
were assumed to be negligible and were consldered to be equsl to zeroc.
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Transfer Functions

In order to find the amplitude and phase relationship of B, ¢,
end V¥ resulting from unit sinusoldal variations in 8y and &,, equa-

tions (1) are solved by the method of determinants, a substitution is msde
for the sinusoidal variations of control deflection, and the resulting
expressions are separated into real and Imaginary partse. The first step
in the operation gives equations (2) which are similar to those presented
in references 14 (with the initial conditions of zerc) and 15. These
equations are:

-

3 2
B _ 2Dy + 8phy +8'3Dbcz
Ba. A B,

b1Dy> + boDy + b

B _ byDp” + bpDp” + baby
5, A By

3 2
9 _CoPp *cilp * Calp + C3
Ba A Z5a

e (2)

@ _ 4ol + 4102 + aghy + ds
5, A Cng,,

3 2
v o ecDp” + e1Dp + epDp + e3 c
g A l8g

£5Dy,° 2
vy _ EoDp” + £3Dp" + £oDp + £3
o " A "o,
J

where

& =07+ Bt opd + Iy E 4+ B
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and A, B, C, D, and E are given on page 35 of reference 14 and

a1

Co

€3

I P, + iRz Oy - KgzCy

~1y,Cn + 2p,bCLK22 + % Cn Oy, - %; o, Oy,
-  Orn,

~buy 22+ wiPCy - HKxz0Y

i Ce ) - BinCryz + % ¢, Oy - % G20,
2

b 26,2

-2y Oy = Wyl

2 * 2 O,y - 5 gy,

O(since tan y = 0)

oy

QupxzCyy + wpCa
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dp = -2u Cy, + £ C1 .0y - 2 Cy Cy
B 2 B *r 2 Tfripg
dg = O(since tan y = 0)
eo = —}'H.Lb%{m
=1 -1
2 = 3 OngCrp ~ 3 CnpCyg
35 = CI‘CnB
£o = MKy 2
2
£ = -Cy, - 2Ky Oy

-1 21
=3 ClchB 2 CchYp

f5 = —CLCZB

Substituting iwb for the operator D, 1in equatiops (2) results
in a complex number of the form Cp, or Cig (a + 1) which is changed
T a.

to the form Cpg  or Cyy (Reie) where R =\aZ + b2 and © = tan"t B,
r a

The transfer functlons were then computed over a range of nondimensional
frequencies ay, which are related to w radian/sec by = ay %L.
W
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In order to obtalin the transfer functions 5 s and the corre-
a.s Or
sponding phase angles, the megnitude of @ was multipllied by o
ar“r
and L was added to the vhase angle to obtain the phase angle 0 é .

2
: Bgs b1

¥ and the corresponding phase
Bas0p

A similer procedure was used for

angles.

In addition to the transfer functions the period and damping of the
lateral oscillatlon were calculated from the roots of the characteristic
equation A. The damping ratio & (ref. 12) was calculated from

£ = 9;§22_ vhere , 1s the natural frequency in radians per second and

T
1/2%n
the damping ratio 1s the ratioc of actusl to criticel damping.

Sinusoidal Latersl Gust Response

Only the response in yaw toc a sinusoldasl lateral-gust disturbance
was calculsted for the subject alrplanes and penetration effects along
the fuselsge were not consldered. The gust disturbance o was considered
to be an effective sinusoidally varying sideslip angle which produces an
additional CZBB and anB on the right side of the roll and yaw equa-

tions of motion (equations (1) in Calculation Methods). This effective
sldeslip angle wes considered to be equal numerically to 8.

From the transfer functlions we have

V1 eon3 + elDb2 + ey, + ex

o B

g

¥ _ £Dy) + £3Dy° + Dy + £3
B A Cng

The smplitude of ¥ with respect to Czﬁ and CnB is
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which upon substitution of Dy, = 1oy, gives

¥ Rlei(el+:r) + R2e192

(s

R

== Ry cos(8 + n) + iR, sin(8; + =) + Ry, cos 85 + 1R, sin 65
or

¥ ie
E = Rje 5

where the amplitude ratio R3 is equal to

JERJ_ cos(8g + m) + R, cos 62]2 + [Rl sin(6; + =) + Rp sin 62]2
and the phase angle 6z is equal to

-il R in{6 R in ©
an-1 1 sin(61 + =) + Rp sin 82

t
R; cos (61 + n) + Ro cos 6o

and

Ry sin(®7 + n) + R, sin 6
sin-1 L (l ) 2 2\

JER]_ cos(8] + n) + Ro cos 62:]2 + El s8in(8; + =) + Ry sin ep;}‘?

The factor =n was added to Bl to account for a change in sign
of CZB since CEB is usuelly negative. The expression % was multi-
plied by 1000 feet per second for the gust veloclity and divided by V
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1000

In feet per second to cobtaln the relative emplification factor % 7

as was used in reference 13.

PERTINENT ATRPLANE DATA

Geometry

The alrplanes selected for the present investlgaetion were the North
American F-86A, Grumman FOF-2, Republic F-84, Douglas D-558-II, and Bell X-1.
Pertinent geometric and mass data are given in tables I and IT and a
drawlng of each sirplane 1s presented in figure 2. The airplane mass data
were obteined from unpublished results, the Flight Reseerch Diyision of the
Langley Aeronsutlcsel Leborstory, from reference 1 for the Bell X-1 alrplane.
gnd Prom references 2 and 3 for the Douglas D-558-I1 airplane.

Stebillty Derivatives

Low-speed data.- Scale models of the North American F-86A and
Grummen F9F-2 alirplenes were obtaelned from the Lengley Hydrodynsmics Divi-
sion and were tested 1n the Langley stebility tumnel to determine the nec-
essary static and rotary derivetives. These data are presented in figure 3
since they have not been presented befaore. Scale models of the
Douglas D-558-II and the Bell X-1 were previocusly investigated in the
Langley stability tunnel, (refs. 2 and 16, respectively). The static
derivatives of the Republic F-84 at a low Mach number were obtained from
unpublished results. The rotary-stebility derivstives for the Republic F-84
alrplane wing-fuselsge combination were determined by the methods described
in reference 17. The vertical-tail increments of the rolling and yawing
derivatives were calculated by the use of the equations presented in refer-
ences 18 and 19 and the experimental values of Cyg Of the vertical tail.

Mach number effects.- For sll airplanes considered, the derivatives
of the wing-fuselage combinstion, with certain exceptions, were corrected
for the effects of Mach number by the methods of reference 20. In meking
these corrections the experimental varistion of GIu. with Mach number was

used when available (refs. 21 and 22)., The derivetives CnB, CYB’ Cns.s
and Gyr were those not corrected for the effects of Mach nmimber. The

fuselage generally 1s the major contributor ta these derivatives at low
angles of attack and the effects of Mach number on these fuselage deriva-
tives are usually small in this angle-of-sttack rsnge.
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The vertical-tall derlivatives for all airplanes considered were
corrected for Mach number effects by determining the effective aspect
retlio of the tall at a low Mach number (M =~ 0) from the experimentsal u
CYBV and reference 25. The methods of reference 20 were used to deter-

mine Mach number corrections to the vertical-tail lift-curve slope for
the effective aspect ratio. All verticasl-tall derivatives were then

(%) o
corrected for Mach number effects by using the ratioc ——m.

(Lo)yo

The totel alrplane derlvative at a given angle of attack and Mach
number was then determined by the sum of the vertical-tail contribution
and the wing-fuselage-combination contributlion.

The variation of C; with Mach number for several angles of attack

for each airplane is presented in figure L4 and the variation of the static
end rotary derivatives with Mach number for each alrplane is presented in

figure 5.
Alleron and rudder effectiveness.- The aileron effectiveness C;B
a

and rudder effectiveness Cnar and the sources for each alrplsne are
given in the following table:

Airplane CIBa’ per deg) poference Cnar’ rer deg| poference
North Americen F-86A| -0.0015 24 -0.0010 2k )
Grumman FOF-2 -.0015 25 -.0007 26
Republic F-84 -.0021 Unpublished -.0017 Unpublished
tests tests
Douglas D-558-II -.00115 27 -.0012 28
Bell X-1 -.00152 \Unpublished -.00246 Unpublished
tests tests

These values were assumed to be constant for all flight conditions.
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RESULTS

Presentatlion of Results

The £light conditlons investigeted are Indicated in table II.
Becsuse there are s large number of flgures 1n the present paper they
are indexed in the following table:

Data Figure

Low-speed experimental static and rotary derivatives of

scale models of the F-86A and FOF-2 airplanes . .\ « « « o « o« & «
Varistion of 1ift coefficient wilth Mach number for the

airplanes investigated . . . . . . e e s e e e e s s a e s .
Varistion of stetic and rotary derivatives with Meeh number

for the airplenes investigated . . . . . . s & s e s e s e s s .
Lateral period and dempling characteristics of the

alrplanes Investigsted . . . . . . . . e 8 e 4 e s
Effect of Mach number and altitude on ratio of actual to

critical damping for the slrplanes investigated . . . . . . . . . .
Variation of nstural frequency with Mach number for the

airplanes investigated . . . . e e s e s s e s e s e e e e
Effect of Mach number and altitude on the lateral-frequency-

response characteristics of the F-86A sirplane . . . .« « « « o« « &
EBffect af Mach number and saltitude om the lateral-freguency-

O ® 9 o W

response characteristics of the FOF-2 giryplane . . . . . . . . » 10
Comparison of caleculated and £light lateral-frequency-response

characteristics of the FOF-2 alrpleme st M =0.4 . . . . . . . . 11
Effect of Mach number and altitude om the lateral-frequency-

response characteristics of the D-558-II ailrplene . . . . . . . . 12
Effect of Mach number and altitude on the lateral-frequency-

response characteristics of the D-558-II airplate . . . . . . 13, 1k

Effect of Mach number and eltitude on the lateral-frequency-

response characteristics of the X-1 sirplsne . . . . . . . . 15, 16
Lateral frequency response of F-86A airplane to a

sinusoidal lsteral gust distributiom . . . e & s e = s e« @« o« « AT
Lateral frequency response of FGF-2 alrplane to a

sinusoldal lateral gust distribution . . . . . . ¢« .+« « « . .« . . 18
Lateral frequency response of F-8l4 airplane to a

slnuscidal lateral gust distributiom . . . « v e e e .« 19
Lateral frequency response of D- 558-I1 airplane to 8

sinusoidel latersl gust distributiom . . . « ¢« ¢« ¢ ¢« ¢« ¢+ o ¢« .« 20
Lateral frequency response of X-1 airplane to a

sinusoidal lateral gust Aistribution . +« . v 4 s 4 e e 4 e o . . 21

The results of the present investigation are presented in the form
of plots of P (period) end Ty /2 (time to damp to cne-hslf amplitude)

(3]

v ]
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of the latersal oscillation of each alirplane asgainst Mach number for vari-
ous altitudes (fig. 6), plots of the lateral frequency response against
frequency for various flight conditions (figs. 9 to 16), and plots of the
yaw response to & sinusoldal lateral-gust distribution against frequency
ratio for various flight conditions (figs. 17 to 21).

Generael Comments

Aercelastic and unsteady 1ift effects have not been included in the
calculations and may have a large effect on some of the derivatives,
especially et the low sltitude investigated (1000 feet). The investiga-
tion of reference 11 on the F-86A airplsne has indicated a large aero-
elastic effect on the derlvatives CIP, Cnr, and Cnar et high speeds

at an altitude of 10,000 feet. The results for the F-84 airplane are
believed to be applicable for models through D only, since, for later
models, the fuselage was lengthened by adding a section between the wing
and the tail and this change would alter the derivatives.

The perliod snd damping of the lateral osclillastion are compared with
the Bureau of Aeronautics criterion (ref. 29) and with flight data when
aveileble (fig. 6). Except for the D-558-II airplane, calculations were
not made for specific flight-test conditions and hence, in some cases, an
exact comparison between calculated and flight results 1s not possible.
The agreement between the calculated and flight values (ref. 30) of Tl/2

for the D-558-II airplane is poor (fig. 6(e)). The flight frequency-
response characteristics (fig. 11) and the period and damping characteris-
tics (fig. 6(b)) of the FGF-2 airplane were obtained from the Langley
Flight Research Division and are actuaslly for the FOF-3 alrplane with tip
tanks empty. Since the F9F-3 elrplane differs from the F9¥F-2 alrplane
only in that a larger, slightly heavier engine 1s used in model -3 1t is
believed that the results presented herein are gpplicable to both models.

The value of Kx-o2 (table II) used in the calculations for the FQF-2 air-
plane was for the condition of the tip tanks 3/4 full and as a result it
is about twice the value of KX02 for the flight-test conditions. This
Qifference probably accounts for the calculations underestimating the

g— response of the alrplene at the higher frequenciles (fig. 11).
a

The effects of Mach number on the frequency-response characteristics
of the F-86A at an sltitude of 20,000 feet as presented herein (fig. 9)
are, in general, similar to those obtained in flight (ref. 11).
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CONCLUDING REMARKS

Calculations have been made to provide information on the latersl-
frequency-response characteristics of the North American F-86A,
Grumman FGF-2, Republic F-84, Douglas D-558-II, and Bell X-1 alrplanes
through & range of £light conditioms. In addition to this Information
the period and demping of the lateral oscillation and ratio of actual to
critical demping have also been determined. The frequency-response data
were also put into such a form as to represent the lateral response of
these alrplanes to sinusoldsel lateral disturbances of the air. Aero-
elastic and unsteady 1lift effects have not been accounted for in the
calculations and msy have an important influence under certain flight
conditions.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronasutics,
Langley Fleld, Va., September 29, 1953.
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TABLE IT.- CONDITIONS INVESTIGATED

2
Airplene H, ft | M w/s,l oy, a, deg| Kx, Kzoz €, deg
North American F-86A) 1,000{0.% [46.5/0.201| 3.13 {0.0126{0.0404k| 2.56
North Americen F-86A( 1,000 .6 [46.5! .090} 1.45 [0.0126]/0.040k| 2.56
North American F-86A( 1,000 .9 {46.5| .okof .70 |0.0126]{0.0kO4| 2.56
North American F-86A120,000f .4 [46.5] .426| 6.30 [0.0126{0.0404k| 2.56
North American F-86A|20,000{ .6 [46.5] .188{ 2.70 |0.0126|0.040O4| 2.56
North American F-86A[20,000] .9 [46.5] .08%| 1.13 [0.0126{0.040k| 2.56
Grumman FGF-2 1,000| .b |60.0f .260| 4.00 | .0327| .064k| 2.80
Grumman FOF-2 1,000| .6 |60.0! .115{ 2.38 0327| .o64k4| 2.80
Grumman FGF-2 1,000{ .8 [60.0} .066| 1.75 0327| .o64k| 2.80
Grumnan FIF-2 20,000| .4 |60.0f .550| 7.16 0327| .0644{ 2.80
Grumman FF-2 20,000{ .6 [60.0] .243| 3.65 0327| .0644] 2.80
Grumman FGF-2 20,000{ .8 |60.0| .138] 2.%0 0327| .064l| 2.80
Republic F-84 1,000{ .k [59.6] .258] 2.35 0628 .0857| 2.00
Republic F-84 1,000 .6 |59.6| .1i15! .45 0628| .0857| 2.00
Republic F-84% 1,000{ .9 |59.6] .051} -.50 0628| .0857| 2.00
Republic F-8% 20,000 .k §59.6| .547| 6.20 0628| .0857| 2.00
Republic F-8 20,000| .6 |59.6] .2k2! 1.90 | .0628( .0857| 2.00
Republic F-8% 20,000( .9 {59.6f .108] -.10 | .0628( .0857( 2.00
Douglas D-558-II 1,000| .k [76.0] .329| 3.35 | .0125| .1310| 1.TO
Douglas D-558-II 1,000| .6 [76.0] .1u6] .65 0125| .1310| 1.T70
Douglas D-556-1II 1,000| .9 [76.0] .065| -.60 | .0125| .1310( 1.70
Douglss D-558-II 20,000| .L |76.0] .696| 8.75 | .0125! .1310| 1.70
Douglas D-558-II 20,000| .6 {76.0| .307| 2.85 0125| .1310| 1.70
Dougles D-558-I1 20,000] .9 |76.0| .138{ .20 0125| .1310} 1.T0
Dougles D-558-II 20,000( .4 [57.1] .524| 6.1 .0163| .1372| k.20
Douglas D~558-IT 20,000{ .5 [5T7.1| .335( 3.4 .0163| .1372| h.20
Douglas D-558-IT 20,000]| .6 |57.1] .231| 1.8 0164 | .13T71} k.20
Douglas D-558-IT 20,000} .7 |57.1] .171 .8 01661 .1369] 4.20
Douglas D~558-I1 20,000| .75/57.1| .149| .5 L0167} .1368} 4.20
Douglas D-558-IT 20,000| .8 |57.1] .131| .2 L0168 .1367| k.20
Douglas D-558-I1 20,000 .9 {57.1| .103f -.2 01691 13661 L.20
Douglas D-558-II 20,000 .4 |57.1] .52k 6.1 0272| .1916] 3.T0
Douglas D-558-I1 20,000| .6 [57.1] .23%L} 1.8 0271| .1896| 3.70
Douglas D-558-II 20,000| .9 |57.1] .103| -.2 .0277| .1909] 3.70
Douglas D-558-I1 50,000 .8 [57.1] .713| 7.10 | .0125] .1310| 1.70
Douglas D-558-II 50,000} .9 {57.1{ .550| 4.50 0125 .1310| 1.70
Bell X-1 1,000(0.4 {65.0 .281| 1.60 | .006T7| .O%19| 2.00
Bell X-1 1,000 .6 {65.0] .125( -.15 | .0067| .O419| 2.00
Bell X-1 1,000| .9 [65.0] .056(-1.00 | .006T| .Ok19} 2.00
Bell X-1 20,000| .4 {65.0| .596] k.90 { .0067! .Ok19| 2.00
Bell X-1 20,000] .6 [65.0| .263| 1.15 | .006T| .O4l9| 2.00
Bell X-1 20,000| .9 |65.01 .118| -.65 | .006T| .Ok1l9| 2.00
Bell X-1 50,0001 .7 165.0| .T75) 5.60 | .006T| .Ok19] 2.00
Bell X-1 50,000| .8 |65.01 .610] 3.4k0 | .0067| .Ok1G| 2.00
Bell X-1 50,000| .9 |65.0| .h7i] 1.k0 | .0067| .O419| 2.00
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(a) Stability system of axes. Arrows indicate positive direction of
forces, moments, and angular veloclties.

Figure 1.- System of axes.
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(b) System of axes and angular relationship in flight. Arrows indicate
positive direction of angles.
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Flgure 5.~ Experimental varieticns of C(p, CYB’ an, CIB, CYP, Cnp,

1
Czp, C‘yr, c“-r’ and Clr with angle of attack for 0" scale models

of the North American F-86A and Grumman FOF-2 airplanes. Tip tanks
on for ell FOF-2 dats.
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(b) Grummsn F9F-2.

Figure 5.- Continued.
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Figure 5.- Continued.
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(a) North American F-8GA.

Figure 6.~ Lateral period and damping characteristics of the alrplenes
investigated.

TOr¢ST Wa VOVN

144



I2 T ;
i
17 :
0 !
|
\ i
9 * ]
H, 1 |
—0— 1009 - |
Calculated J
{——o—— 20000 \
Fight ——- 10000 \\
% \
S
.§. \
L] -3 \
E \
4 s 4 v 3
. 3 \ \
A \
g R 2 Rt i
o 7 NI L Ss N
Y \ \
E z NS 22 \\
] & \
/ 3 [N ™~
/
% "2 4 5 =& w Y% 27z 4 6 &

Mach number, M Mach number, M

(b) Grummen F9F-2.

Figure 6.- Continued.
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Figure 6.- Concluded.
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Figure 16.- Concluded.
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(a) Altitude, 1,000 feet.
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(b) Altitude, 20,000 feet.

Figure 17.- Lateral frequency response of North American F-86A airplane to a
gimgoldal leteral gust distribution.
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(a) Altitude, 1,000 feet.
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(b) Altitude, 20,000 feet.

Figure 18.- Lateral frequency response of Grummen FOF-2 airplane to &

alnusoidal lateral gust distribution.
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(a) Altitude, 1,000 feet.

Figure 19.- lateral frequency response of Republic F-84 airplane to &

(b) Altitude, 20,000 feet.

ginusoldal lateral gust distribution.
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(b) Altitude, 20,000 feet.

Figure 20.- Lateral frequency response of Douglas D-558-I1 airplane to
a sinusoldal laterel gust distribution.
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(c) Altitude, 50,000 feet.

Figure 20.- Concluded.
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(a) Altitude, 1,000 feet. (v) Altitude, 20,000 feet. (c} Altitude, 50,000 feet.

Figure 21.- Lateral frequency response of Bell X-1 airplane to a sinusoidal
lateral guat distribution,
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