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By Edward C. Polhamus
STMMARY

The period and dsmping of the lateral oscilletion of the Bell
X—l research alrplane have been celculated for & range of Mach numbers
and wing loadings for en altitude of 30,000 feet. The calculations
Included an investigation of the effect of various parameters. The
calculations indicate that according to current flying—quelity require—
ments the dampling of the lateral osclllation 1s unsatisfactory for
practically all conditions investigated. Flight results indicate even
poorer damping of the lateral oscillation. However, there 1s strong
evidence that the yawlng moment due to rolling veloclity ls probably very
much less than the theoretlcal values end may even be zero. If a zero
value of the yawlng moment due to rolling veloclty 1is assumed and combined
wlth only a 20—percent reduction in the value of the yawlng moment due
to yawilng velocity, the calculations for the damping of the lateral
osclllatlon are found to be in good agreement with the flight results.

IRTRODUCTION

Reference 1 presents charts from which estlmates of the dynamic—
leteral—stebillty characteristlcs of alrcraft with light wing loadings
can be made. Subsequent studles (references 2 and 3), however, have
indicated that for ailrcraft wlith relatlvely heavy wlng loadings and
flying at high altitudes the number of important verisbles Involved makes
it impractical to construct generalized charts even when the stebllity
derivatives lnvolved are accurately known. Therefore, each configuration
must be gtudied separately and in detail.

The purpcose of the present investigatlon was to calculate the period
and demping of the lateral oscillation of the Alr Force-NACA sponsored
Bell X~1 trensonic research airplane (see fig. 1) at Mach numbers ranging
from 0.4 to 1.4 for several flight conditlons. Inasmuch as there 1s con-—
siderable uncertainty in regerd to the values of some of the stability
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derivatives of this aircraft, the effect of deviations from the assumed
valueg on the perlod and damping of the lateral osclllation hag also been

Investigated.
CCEFFICIENTS AND SYMBOLS

Cy, trim 11ft coefficient (W cos 7/qS)

C; rolling-moment coefficient (Rolling mcment/qSb)

C, yawing-moment coefficient (Yawlng moment/qSb)

Cy lateral—force coefficient (Latersl force/qS)

q dynemic pressure, pounde per square foot (nvz/a)

p mass denslty of ailr, slugs per cubic foot

v airplane veloclty, feet per second

S wing area, square feet

b wing span, feet

W welght of alrplane, pounds

m mass of sirplane, slugs (W/g)

g acceleration of gravity, feet per second per second

K relative—density factor (m/pSb)

;X radius of gyration In roll about principal longitudinal axis,
o foet

kZ radius of gyration 1n yaw about principal normal axis, feet
o]

B angle of sldesllp, radians

a angle of attack of airplane reference axis, degrees (see fig. 2)

n engle of attack of principal longitudinal exis of airplane,

degrees (see fig. 2)

-
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angle between reference axls and principal axis, degrees
(see fig. 2)

angle of flight path to horizontal, degrees (see fig. 2)
yawing angulsr veloclty, radlans per second

rolling angular velocity, radians per secomd

Mach number (V/a) .

local speed of sound, feet per second
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€ angle between reference axlis and principal axlis, degrees
(see fig. 2)
7 engle of flight path to horizontel, degfées (see fig. 2)
r yawlng aengular veloclty, radisns per second '
D rolling angular velocity, radians per second
M Mach number (V/a) -
a local speed of sound, feet per second
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r
P perlod of the lateral oscillation, seconds
T o time for lateral oscillation to reduce to half smplitude,
1/ seconds : -
)l /2 cycles fof lateral oscillations to reduce to half amplituds
CALCULATIONS

A1l celculetions in thils investigation were made by the methods of
‘eference 3. The calculations included the effect of Mach number and
fing loading on the period and dsmping of the lateral oscillation and
he effect of changes in the magnitude of some of the perameters on the
lerlod and damping.

The values of the mags and the aerodynemic parameters used for the
yaglc investigatlon are presented in table I. The low—speed statlic—
1tability derivatives CnB > C; , and CYB were obtalned from unpublished

find—tunnel data. These parameters wers corrected for subsonic cam—
ressivility effects by sasmming that the wing—fuselage contribution was
anaffected by compressibility while the tall contrlbution to these param—
sters could be corrected by the three-dimensional Prandtl—Gleuert trans—
formation (reference 4). The values of the damping—in—roll paramster Cy
P

through the Mach mmber range were obtained from reference 5. The incom—

pressible values of the wing contribution to the rotary derivatives Cl s
r

Cn , and C were obtained from reference 6 and were corrected for com—

r
pressibllity by the method of referemnce 7. The vertical tall contributions

to the rotary derivatives were estimasted by the method of reference 8
ucing values of the tail comtribution to GIB which were corrected for

compressibility.

o
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The aerodynamic characterlstics for the supersonic case were
estimated with the aid of referemges 9 and 10.

RESUITS AND DISCUSSION

Baslc conditions.— The period and damplng of the lateral oscillation

for several wing loadings through the Mach mumber range fram 0.40 to 0.75
at an altitude of 30,000 feet are presented in figure 3. The results
indicate that Increasing the Mach number camsed a decrease in the period
vhile increasing the wing loading caused & slight increase in the perilod.
The effect of Mach mumber snd wing loading on the damping is not very
consigtent but, in generel, 1t can be sald that at the higher Mach
numbers an 1ncrease In the wing loading increases the time required to
demp the osclllatlon to one—half of its original amplitude. Also presented
in figure 3 1s a camparison of the damping characteristics with the
requirements for satisfactory demping of the lateral oscillation as set
forth in reference }1. On the basis of these requirements, it can be
seen that the damping of the oscillation would be unsatisfactory for Mach
numbers sabove about 0.50. ’

The resulis of the celculations made et a supsrsonic Mach number
of 1.4 are presented in figure 4 as charts of the variation of the
veriod and the time and cycles to damp 40 one~half amplitude with wing
loeding. The results indicate, as was the case in the subsonic range,
that although the wing loading has 1ittle effect on the perlod of the
oscillation increasing the wing loading from 54 to 85 pounds per sguare
foot increases ‘I‘l/2 from 1.2 seconds to 4.6 seconds and 01/2 from 1.6 .

to 4.8. Algo presented in figure 4 is a comparison of the demping
characteristics with the requlrements set forth in reference 11 for
reriods less than 2 seconds. The results 1ndlcate that according to
this criterion the damping of the oscillatlon is unsatisfactory at a
Mach number of 1.k for wing loadings above about 65.

Effect of varlous parameters.— Inasmuch as no wind—tummel data are

avallable for the rotary derlvatlives of this alrplane and since little
is known about the effects of compressibility on these pearameters, some
additional calculatlions were made to determine the effect of changes in
these parameters on the periocd and demping of the osclllatlion. Condi-
dition 10 (table I) was chosen for the basic condition and the results
of variations from the basic condltlion are presented In figure 5. The
results indicate that changes in the rotary derivetlves as much as 50 per-
cent have a negligible effect on the period of the lateral osclllatlon.
However, the effect on the time for the osclllation to damp to one—half
of the original amplitude 1s more pronounced and for thls configuration
the demping-in-yaw parsmeter C 1ls the most iImportant of the rotary

derivatives.
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The effect of the inclination of-—the principal axis with reference
to the fuselage reference axis and the flight-path angle were also -
investigated eand the results are_pregented in figure 5. It should be
mentiened that changes in the inclination of the principal axle with
respect to the fuselasge reference line sare important only because at a
given angle of attack they change the inclination off the principal axis
with respect to the flight path, Nelther of these paresmeters has any
appreclable effect on the period of the oscillation In the renge investi-—
gated. A change in the flight—path angle from level flight to a 45° climb
caused & slight decrease in the time to demp to one—half amplitude while
a change in the inclination of the principal axis from 0° to 3° down at
the noge ceused an increase in the time to dsmp of a little over 1 second.

Comparison with flight results.— A time history of the stick—fixed

lateral oscillation of the actuel airplane is presented in figure 6.
This record was obtalned In gliding flight at an altitude of 32,000 feet,
a Mach number of 0.75, end & wing loading of-about 85 pounds per squere
foot. (See reference 12.) The flight tests indicate a periocd of the
lateral oscillatlon of about 1.8 seconds which is in fair agreement—
with the calculated perlod of about 1.5 seconds. (See fig. 3.)

Although the calculations Indicate, according to current flying— R
qualities requlrements, that the damping of the osclllation is unsatis— .
factory, they do not indlicate 1t to be as poor as the flight results

show. According to the flight results, the time required to demp the

oscillation to one-half of ite original amplitude is about 6.5 seconds ¢
while the calculations give about 2.7 seconds, '

Inasmuch as the calculations did not check the flight results, an
attempt was mede to determine the cause of this dlscrepancy. As was
pointed out in the previous sectlon, less is probably known sbout the
rotary derivaetlves of this airplane then about—any of the other parameters .
necesgary for the calculatlion of the perlod and damping of the lateral '
oscillation. Figure 5 indicates that decreases in Cnr or Cnp or
both from the assumed values might account for the discrepancy in the
damping. Reference 13 and some reécent unpublished results obtained
by both the rolling-flow and forced—rotation methods indlcate that the
tall contribution to Cnp 1s much less than that indlcated by the theory

of reference 8 and,'in some cases, 1t has been found to be zeroc. It is
also quite possible that geparation and wake effects might, at least In
the small-engle range, cause a consldersble decrease in Cnr. The resulis

of-additional calculations investigating the individual and combined
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effects of losses in Cnr and C are presented in the following

table using condition 15 (table I) as the base:

Condition cnr_ CnP P Tl /2

15 (table I) —0.276 0.09k4 1.54 2.71
15 — A —.276 0 1.kg 3.75

15 — B - 276 —-.015 1.48 3.99

15 - ¢C —-.210 o} 1.k9 5.12

15 —D —.138 0 1.kg 847

15 - E —-.170 0 1.h9 6.56

Flight results | —e=e-=m | —-e-- 1.8 6.5

The results indicate that even & zero tall contribution to Cn:p’
which resulte in a negabtive value for the total, (condition 15 — B} does
not, by 1teelf, account for the discrepancy in the demping. However,
when a zero value cf C was comblned with various values of C

it was found that a reduction in Cnr of only about 20 percent

(condition 15 — E) was requlred to bring the calculations in agreement
with the flight results. '

CONCLUSIONS

Based on calculatlons of the lateral osclllation of the Bell
X1 transonic research alrplane, the following conclusions have been
reached:

1. Theoreticel computetions Indicete that, according to current
flying—quelity requirements, the damping of the lateral osclllation
would be considered unsatisfactory for Mach numbers from &about 0.50
to 0.75, (the highest subsonic case investigated)} for all wing loadings
and for wing loadings above sbout 65 for & Mach number of 1.4 (the only
supersonic case investigated).

2. Flight resulte indicate even poorer damping of the lateral
oscillastion. However, there is strong evldence that the yawing moment
due to rolling velocity 1s probably very much less than the theoretical
values and may even be zero. If a zero value of the yawing moment due
to rolling velocity is assumed and combined with only a 20-—percent
reduction in the value of the yawing moment due to yawing veloclty, the

SN
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calculatlons for the damping of the lateral oscillation are found to be
in good agreement-with the flight results.

Langley Aeronautical Lsboratory
Rational Advisory Committee for Aeronautics
Langley Alr Force Base, Va.
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PARAMETERS USED IN. CALCULATTONS OF PERTOD AND DAMPING OF

' LATERAL OSCILLATION OF BELL Yl RBJEARCH ATRPLANE

|:s = 2% Oy = 0; abtituls = 30,000 7+ |
2 2
k
Y \ |[Xz c. |c C c, | ¢
Condition " (__B_g) (_b_o_) n|op | %o | % CIB o O | %,
1 67.50[0.0078|0.0433] k.k|0.765|0.205|-0.099|—-0.930[-0.425|0.288/0.053 0
2 67.50| .0078( .0433| 1.2| 490 .211| —.084] —~. - 135 .222| 065 0
3 67.50] .0078{ .0433| —.6| .341| .200{ —091] —.838} —.h46| .199| .0B5 0
4 67.50| ,0078] .OU33|~Ll.7| .250| .205| —.105] ~.866| —.465| .190| .099 0
5. 67.50) .0078| .0k33|-2.0| .218| .205| —.110{ —.878 -lr{h .187| .105 )
6 67.50| .0078| .O433|—3.0| .062| .179| —.121| —.670 L2104 113 0Lk
g 81.25| .0067| .0M19| 2.2| .590 .212{ —.084 —.884 .EP .255 069 0
" 81.25| .0067| .ouig| .1} .hlo| .c00| —.088] —.838| —.Lk6| ,216| .080 0
9 81.25| .0067| .Ok19|-1.2) .301} .205| —101] ~.866] —.L65| .202{ .09 0
10 81.25| ,0067| .ob19{-1.6} .262| .205| -.107| —.878| —.47h| .200) .101 ]
11 81.25! ,0067| .ouigl-e.7, .O7h| .179| —.121] —.670f —500| J1OM 115 .018
106.3 | .0051 .0&09 4.1 771 .212| =095 ~.B884| —.k435 .300] .053 0
106,3 | .0051| .okog| 1.5| .547| .221| —.086] —.B38] —.uh6} .257| .OTH ]
106.3 | .0051| .0k09| —.3| .394| .218| —.006| ~.866| —U465| .228| .086 0
106.3 | 0051 .0409| —.9| .343| .217| —.101| —.878[ —.h47k| .22 .05 0
106,3 | .0051| .0kO9!~-2.5| .097| .179| —.121 .670 —500( .10h4| .117 L021
e SRR
- L -«
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‘Wing area, s¢ft ——————— ———— — 13000
Mean aerodynamic chord | ft — — — e — — 48]
Aspect ratio — — —— o — — — — 600
Taper ratio — — — — e -— D50
Airfoll secton — om e NAGA 65-110, a=10
Wing sstfing(root chord to centerline), deg — —— 250

Wing setting(tip chord to cepter line), deg — — — 1.50

All dimensions In inches

96.20

Figure 1.~ Drawing of Bell X-1 transonic research airplane.
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Principal axis

\- Flight path

Horizontal

Figure 2.~ Angular relationships in £1light, Arrows indicate positive direction of angles.
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P, seconds

Figure 3.- Effect of Mach number and wing loading on the period and demping of the lateral oscillation.

5 & 7 8
Mach number, M

Altitude = 30,000 feet.

4 5 6
- Mach mumber, M

N R B SO
e

- Satisfactory
i A

R U SR SR |

o / 2 3 4

F, seconds

eHOIET WH YOVN

€T



NACA RM LOKOhe

14 . -
6 —
- o }2 __\
SN 4
@ _
S 2L
O
& P
"t A
Q
0 1 ] 1 | 1 | i
6 . -
g YT
S X
1
(’, -
\:\N 2 Unsatisfactory
~
»
Saltisfactory
0 1 | | B | 1 | 1
50 60 70 80 90
u/s
y

Figure 4.- Effect of wing loading on the period and damping of “the lateral
oscillation. M = 1.5; altitude = 30,000 feet.
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Figure 5.~ Effect of the rotary derivatives, the inclination of the principal axis and the flight path
M= 0.75 altitude = 30,000 feet;

angle on the period and damping of the latersl oscillation.
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Figure 6.- Mme history of the stick-fixed lateral oscillation at a Mach number of sbout 0.75, en
altitude of 32,000 feet and a wing loading of about 85 (data from reference 12).
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