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NATTONAL ADY¥ISORY COMMITTEE FOR AZRONAUTICS

ADVANCE RESTRICTED REPORT
THE EFPECT OF MNASS DISTRIBUTION ON Tﬁﬁ LATERAL STABILITY
AND CONTROL CHARACTERISTICS OF AN AIRPLAKE AS.DETSRPIPED
BY TESTS CF A MODEL IN THE FREE-FLIGET TUNNEL
By John P. Campbell and Charles L. Seacord, Jr.
SUMMARY |

The effects of mass distribution on lateral stability
and control characteristics of an alrplane have been deter-—
mined by flight tests of a model in the NACA.free~flight
tunnel. In the invgstigation, the rolling and yawing moments
of inertia were increased from normal values té values up to-
five.fimes normal. . For each moment-of—inertia condition,
combinations of dilhedral and vertical-tail areéwrepresénfigg
a variety of airplane configurations were testéa.

The results of the flight tests of the model were_cor-
related with calculated stability and control characteristics
and, in general,. .good agreement was obtained. Thé tests
showed the following effects of increased rolling and yawing
nmoments of inertia: no appreciable change in_sﬁ@ral sﬁaén
bility; reductions in oscillatory stability that‘ﬁere -
serious at high values of dikedral; a reduction iﬂ\the
sensitivity of the model to gust dlsturbances; and\§ reduc-

tion in rolling acceleration provided by the ailerons, which



caused a marked increase in time to reach a given angle

of bank. The general flight behavior.of the model became
worse with increasing moments of inertia but, with combira-
tions of small effe cfive dihedral and large vertical-tail
area, satisfactory Tlight characteristibs were obtained at

all moment-of-inertia conditions.

|")
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A recent trend in design has been to 4
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along the wings of an airplane instead of concentrating it
In the fuselage. This redistribution of weight, which

has been brought about largely by changes from single-
engine to twin-engine design and by the increased use of
wing guns and wing fuel tanks, has resulfed in greater
rolling and vawing moments of inertia for the airplane and
has thereby increased the difficulfy of obtaining satisfac-
tory lateral stability. Because of this treand, theoretical
investigations (references 1 and 2) have recently bveen

made to determine the effects of large increases in moments
of inertia on lateral stability. The results of these
investl cations indicated that the range of.valuéé of
dihedral and vertical-tail area for satisfactory oscillatory
stability becomes progressively smaller with increasing
moments of inertia.

In order to verify experimentally the results of such
K

theoretical investigations and to determine the effecte of



the indicated atability changes on general flight.behavior,
an investigation has been carried out in the NACA free-
flight tunnel with a 1/10-scale, free-flying dynamic mecdel

-

loaded to represent a wide range of values of relling and
yawing moments of inertia. For each moment-of-inertia
condition, a range of dihedral angles and vertical-tail
areas that represented a variety of airplane configurations
was covered.

Calculations were made to determine the theoretical
étability and control charscteristics of the »narticular
model tested in order that the results obtained by theory

and experiment could te zorrelated.

SYMBOLS
kx- radius of gyration about X gxis, feet
'kz redius of gyration abcut 2 axis, feet
I, rmoment of inertia about. X axis, slug—feet2 (mkxz)

~

. . 2 \
Iz moment of inertla about Z axis, slug-feet (mxzz)
m mass, slugs

Cy, 1ift coefficient (L/qS)

< HoQ

CY - lateral-force coefficient (Y/q3)
| %awing momént\
1 - nent ¢ icien bl 2ot
Cn vawing-moment coefficient N s i
; b e
rolling-moment coefficlent (£oiling moment
A \ qos
1lifv, pounds
lateral force, pounds
q dynamic pressure, pounds per square foot (%pvz)
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wing span, feet

wing chord, feet

wing area, square feet

rate of change of yawihg-moment coefficlent with angle
of sideslip, per radian (BCn/BB)

rate of change-of rolling-moment coefficient with angle
of sicdeslip, per radian (éclﬁyﬁ)

rate of change of lateral-force coefficlent with angle
of sideslip, per radian (éCY/BB)

rate of change of yawing-moment coefficient with yawing
velocity, per unit of rb/2vV ,(écn/é .Jé”%)

rate of change of yawing-moment coefficient Qith rolling
velocity, per unit of pb/2V .(6Cn/é %%

rate of change of rolling-moment coefficient with rolling
velocity, per unit of pb/2V (601/6 g%)

rate of change of rolling-moment coefficlent with yawing

velocity, per unit of rh/2V . (GCZ/é %% )

angle of sideslip; radlans

yawing angular velocity, radians per second -

airspeed, feet per second

rolling angular velocity, radians or degrees per second

air density, slugs per cubic foot

perlod of lateral oscillation, seconds

time,

seconds



& angle of bank, degrees

\ angle of yaw, degrees

Of flap deflection, degrees

R Routihr's discriminant

D,E coefficients in stability quartic equation, given in

reférence 1
APPARATUS
The investigation was carried out in the NACA free-
flight tunnel, which is equipped for testing free-flying

dynamic a2irplane models. A complete cdescription of the

tunnel and its operation is given in reference 3. Force

tests made to determine the statlic lateral-stability deriv--

atives were run on the free-flight-tunnel six-component
balance described in reference 4.' 4 photograph of the

test section of the tunnel showing a model in flight is

given as figure 1.

A three-view drawing of the model used in the tests
is shown In figure 2, and photﬁgraphs of_the model are
presented in figureé 5 and 4. The 1/10-scale model,
which in over-all dimensions represented a modern“fighter
airplane, was constructed principally of balss and was
equipped with movable control surfabes similar to those
described in references 3 and 4. ‘For all tests, the
model was equ;pgeq with & split flap 60 percent of the
wing span and 25 percent of the wing chord. The flap

was deflected 60°.



The roiling and yawing moments of inertia of the model
were varied by shifting lead weights from the fuselage to
the wing tips. The effective dilhedral was changed by alter-
ing the geometric dihedral angle of the outer panel, asg
indicated in figure 2. Four geometrically similar vertical
tails (fig. 2) were used on the model to produce changes in
7ertical-tail area.

HETHODS

Stability and Control
Calculations

Boundaries for neutral spiral stability (% = 0), neutral
oscillatory stability (R = 0), and nentral directional sté-
bility (D = O) were calculated for all moment-of-inertia
conditions by means of fhe stability equations of reference 5.

Values of the static lateral-stability derivstives, Ch »
- ’ e

C; , and C,, ,used in the calculations were obtained from force

Y 3
g
tests of the model. The value of the rotary derivative C
n
: r
was obtained from free-oscillation tests of the nmodel in the

free-flight tunnel (reference 6); whereag, the other rotary

derivativegs, Cn s CL , and CL , were estimated from the chartas
p p r '

of reference 7 and from the formulas of reference 1. Values
nf the stability derivatives used in the calculations are
glven in table I. All the calculated boundaries are shown

ofh the stability chart of figure &,



The period of the lateral oscillation was calculated
for some conditions by use of formula (21) given in
reference 5.

The banking motions of the model following abrupt
alleron maneuvers with different moments of inertia were
calculated for a condition of small positive dihedrdl
and large vertical-tail area, For these calculations
the method of reference 8 was used and the model was assumed
to have freedom'only in roll.

Testing Procedure

The model was flown at each test condition and its
stability and control characteristics were noted by the -
pilot. In addition, motion~picture records were nade
of some flights in order to supplement the pilot's observa-
tions with quantitative stability and control data.

The spiral stability of the model was determined by
Qisual observation during sideslips across the tunnel with

controls fixed.  Increasing inward sideslip was taken as

an indication of spiral instability.

and period of the lateral oscillations after abrupt rudder
deflections were recorded by the cameras for each test

condition.



- The directional stabilit& was judged by the yawing
behavior of tﬁe model after gust'distﬁrbances and by the
amount of adverse yawing produced by aileron control.

The steadiness, or the reaction of the model to the
normal gustiness in the alr stream, was noﬁed for all test
conditions. This characteristic was aépafently.not very
closely felated.to other stability characteristics and was
therefore judged independently. - |

The effectiveness of the ailerons in rolling the model
~was noted by the pilot and was measured from camera records
of abrupt'aileron maneuvers. The effect of adverse yawing
on ailefon control for the various test conditions was
determined by visual observatioﬁ. |

Throughout the investigétion, an effort was made to
determine the hest combinatiéns of dihedral‘and vertical-
tail area for each moment-of-inertia condition and to
establish on the lateral stability chart (--clp against C_ )
the boundaries between regions of satisfactory and unéatis—
factory flight behavior. Flight—behaviof ratings based on
the pilot's opinion of the general stability and control
characteristics of the model were recorded for each test
condition. Although the accuracy of these ratings depended
upon the pilot's ability to recognize unsatisfactory condi-
tions, it is believed that the ratings give a true indica-
tion bf the effect of changes in the variables involved because

each rating was based on a number of separate flights.



ANGE OF VARIABLdo

“The parameters variled du"1ng the invectigation were
rolling and yawing moments of inerpia,-effective dihedral
FCZ'), and effective vertical-tail area {Cn }. fhe
\ B Bl

weight of the model was held constant %o simulate an air-

plane wing loading of 30 pounds per s=square foot. All the
tests were rmade at an airspeed of 51 feet per éecond,
which corresponded to,§~liff'coefficient of 1.0.

. Because the rolling and yawiﬁg moments of inertia
were changed by varving the radii of gyration, ky and

Y

k7, while the welght was held constant, the inertia changes

ES ) .

in this investigation are expressed in terms of k../b and
-

kz/b. These ratios or thelir reciprocals are the conven-

|

tional nondimensional expressions for radii of gyration in

o

stabllity calculations.

In making the noment-of-inertia changes, ky/b and

k7/b were varied in such a manner that the value of
(o . R

ic\z
( } remained constant. Changing the moments of

inertia 1n this way corresponds to changing the pfopﬂrti
of weight'carried-in the wings._ In the tests with high
values of kX/b and kz/b, the model therefore represented
an airplane with-such loads as guns, ammunitiqn,,and_fuel

tanks installed in the wings instead of the fuselage.
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Three moment-of-inértia conditions were tested corre-
!
sponding to the Valheo of kv/b and kﬂ/b in the following table,
in which the relative values of moments of inertia are also
given in order to afford a tetter indication of the magnitude

of the inertia changes:

: Iy I
. -4
Condition| ky/b ¥ (Condi-l Jz/b -| Ty (Cordi-
, ion A) j £ion A)
A lo.27 | 1.00 0.197 1.00
B .200 2,49 247 1.57
C 1 .286- 5.08 .322 1 2,67

These moment-of- 1nertia cond*tion< are represented on
the graph of kx/b against ky/v in figure 6 by the points
A, B? and C. Condition A is intended to simmulate an aver-
age mass distribution fof modern single-engine fighter-
airplanes, Conditioq B represents the probable upper
limit of moments of inertia for “resent -day convenitional
airplanes. Condltlon C revresents the ex tremely high
values of the parameters kx/b and kz/b that result in the
case of airplanes with very small span or with excep- |
tionally large loads in the wings. Condition € very
nearly simulates the moments of inertia of a flying wing

with uniform spanwise mass distributicn.
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In order to illustrate the trend of present-day
airplanes toward hlgher moments of inertia, various
other points are also plotted in figure 8. The squares
connected by arrows show this trend in successive models

Fal

of singlé-engine fighter airplénesvol the same design.
The triangles represeﬁt mass distributicns of several modern
twin-engine and multiengine designs{

An.example is given in figﬁre'ﬁ to show the effect
on moments of inertia of adding large bombs or éxtra fuel
tanks to the wings of a tyﬁiéal fighter airplane. The
position of the mass distribution of this airplane on the
plot 1is chanpged from Y td Z by the addition of =a
2000-pound btormb or fuel tank midway out on each wing. It
is evident that an installation cof this kind substantially
increases the rolling andlyawing moménts of‘ineftia.

Three values of dihedfal were used in the tests: a
large pqsitive dihedral, a small positive dihedral, and a
moderate negative dihedral, which are represented by the
symbols L, S, and N, respecﬁively; The value of CL for
each dihedral varied slightly with vertical-tail area, as
shown in figure 5. - The four vertical talls used in the
tests and designated by tﬁe numbers 1, 2, 3, and 4 {(fig. 2)

provided a range of Cn from 0,01 to 0.12. Txact values

B . _
of C, and CL for each model configuration were deter-
B B '

mine@ by force tests-of the model and are shown in figure 5.



12

The various configurations are represented by combinations
of symbols, for convenience‘and.brevity; for example, condi-
tion SZB has small positive dihedral S, vertical tail 3,
and moment-of-inertia condition R.

RESULTS AND DISCUSSION
Spiral Stability

The spiral stabllity of the model was not affected by
changes in moments of inertia. The flight tests agreed with
theory in this respect for, as indicated in'figure &, the
thecretical spiral stability boundary is not changed by
variation of kx/b and kZ/b' Ratings for spiral stability
for the various model configurations are presented in
figure 7.

It was interesting to note that, for the negative
dihedral condition, increasing the noments of inertia

did not materially increase the difficulty of flying the

~model. It might be expected that, because of the spiral

Instability with negative dihedral, increasing the rolling

moment of inertia, and consequently reducing the rolling

acceleration produced by the ailerons, would cause diffi-

culty in recovering from a banked attitude. Such was not
the case, however, probably because the acceleration of the
dropping wing after a gust disturbance was also smaller with

5

the increased inertia. At tirmes this reduced rolling
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acceleration éven caugsed an apparent improvemgnt‘in gpiral
stability because the rodel seemed to diverge more slowly
following -a gust disturbance. |

The flight-test results emphasized the fact that; fér
the range of conditions tested, spiral instability has
virtually no significénce in determining genéral flight'
charactéristics. It can be seen from figuré,V that the
model was spirally unstable with Both the sméll positi&e
and thévnégative dihedrals., Yet even with the negative
dihedréi, no rapid spiral divérgence was noted and the
model was notAappreciably.harder to fly than with the
large positive dihedral. o

Oscillatory Stability

Increasing the moments of inertié definitely rgduged
the oscillatory stability of the modél'and for‘soﬁe'model
confiéurations introduced conditions of dangerous oscilla-
tory instability. The'dafé of-figure 8 show'graphically.‘
the changes in the darmping of the lateral oseillation with
change 1in mass distributionlfof'various combinaﬁions éf,
dihedral/%ggtical-tail area. Inasmubh as aﬁ acéuraté
gquantitative measure-of.ﬁhé‘damping could nct ge-obtained for
all conditions, the results are'presenfed in the form.éf
qualitative ratings for damping at each'condition. The

approximate quantitative equivalents of these ratings are:



oL T Qualitative , Approximate
Rating rating - quantitative equivalent
A Stable " Damps to one-half

amplitude in less
than two cycles

B 8Blightly stable Damps to one-half
amplitude in two
cycles or more

C Neutral '  Zero damping

D . [Slightly unstable Builds up to double
amplitude in rore
than one cycle

B ' Dangerously unstable - Builds'upAto double
arplitude in one
~cycle or less

S

A comparison of the theoretioal oscillatory stability
boundaries (R = 0) in figure 8 with the ratings for damping
of the oscillation obtained in the flight tests of the model
‘indicates good aéreement between theory.and flight results.

| Figure 9 sﬁqws that increasing the moments of inertia
céusedwan increase in the period'of the 1ate:al oscilla-
tion, as indipated by theory. The experimentally deter-
mined vaiues for the period were slightly smailer than the
calculated ?élues. \

: The ratings in figure 8 shbw that, althkough increasing
the moments of iﬁerfia reduced the osclllatory stability for
virtuallyiall model configurations, the magnitude of the
réductidp Qariéd_greatly for the different combinations of

dihedrél and vertical-tail area. In general, the effects of
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moment of inertia on the oscillation damping were more
pronounced with the large dihedral and the small vertical-
tail areas. This variation in the magnitude of inertia
effects with model configuration was in gecod agreement with
the variation indlcated by the shiftiang of the theoretical

el

oscillatory stability boundaries shown on the stability
charts (-C; against G, ) in figure 8. With increasing
moments of inertia the boundaries move upward and inward

on the charts and thereby show the greatest inertia effects
_at large values of -Clr and swall values of Cne. It
appears both from theéeﬁboundary shifts and froﬁ~%he<flight
ratings for oscillation damping that a compiete picture of
the effects of increased moments of inertia onAoscillatory
stability can be oﬁtaineu iny by an aﬁalysis of the effects

over a wide. range of model configurations.

Small positive‘diﬁedral.- With the small positive
dihedral, the effect ol increased momenté'of inertia on
oscillatory stability was rélatively small for all values
of vertical-tail ared. Tven for the condltion of least
oscillatory damping with this dihedral {condition S1C),
no unstable oscillations weras noted alﬁhoughuthe danmping
was very light. Viith the two largest vertical talls
(tails 3 and 4) and the small dihedral, thé oscillétory
statility for conditions B and C, thoﬁgh less than that

-

-for condition A, was considered satisfactory.
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Large positive dihedral.- With tbe large positive dihedral,

increasing the moments of inertia caused pronounced reductions
in oscillatory stability for all values of veytical-tail afea.
Conditions of dangerous oscillatory instability were encoun-
tered with the smallest tall (ta21l 1) at loading condition B
and with all tails except the largest (tail 4) at loading.
condition C.  These unstable conditions were considered
dangerous hecause sustalned flights were impossible as a
result of oscillations that increased in arplitude despite
inﬁensive efforts of the pilot to control the model. For
some conditions, such as L3B and i4c, wnstable oscillations'
were encountered iIn flightg with controls fixed, but these
oscillations could be terminated at will by control applica-
tions and were therefore not considered particularly canger-
ous.

-

The pronounced eff ect of moments of inertia on oscil-
latory stability with the large positive dihedral is 11lus-
trated grgphically,in figure 10 by photographically recorded
time histories of flighps at conditions L3A, L&B,,and)L5C,
The two upper sets of curves in figure 1C are records,ofjthe
lateral oscillations with controls fixed, which were started
by abrupt rudder deflections. 4 comparison of the curves
shows that changing from moment-of-inertia condition 4 to
moment-of-inertia condit B caused the model to become .

oscillatorily unstable in flights with controls fixed. As
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peinted out in the preceding paragraph, however, this
instability was not especially,dapgerpus when the lateral
controls wére used properly.

The two lower sets of curves in figure 10 show that
increasing the moﬁénts of inertia from conditionn A to
conaition C produced an unstable oscillation thét could
not be stopped by aileron and rudder contrbl. At condi-
tion L3C, the oscillation not only continued to build up
rdespite aileron—controlamovements but also was of such
~ strength that its period was not appreciably altered by
the control applications. The flighﬁs at this condition,
of course, were of very short duratioh and were usualiy
terminated by an abrupt sideslin td the floor of the
tuﬁnel after the model had attained & very steep angle
of bank. | The nmotion-picture record for condition LA,
whiéh is in sharp contrast with that of condition L3C,
shows the positive and almost instantanecus effect of the
ailerons in returning the model to level flight with

normal moments of inertia and serves to emphasize the

magnitude of the instability that effectively nullified

i.)n

the aileron control at condition L3C. The apparently
unstable yawing rotion shown in the record of condition
L3A was probably caused by the fact that the rudder

control applied simultaneously with the aileron control
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used to bank the model was not always of the required magni-
tude nor in the proper direction for returning the model to
unyawed flight.

Negative dihedral.- ¥ith the negatlve dihedral, the

éffects of moment of inertia on oscillatory stability were
less fhan with the posltive dihedrals and were small for
all values of vertical-tall area. - With this dihedral, the
lateral oscillation appeared to have a satisfactory rate of
damping for all conditions except with the smallest tail
(tail 1). A peculiar and sometimes violent form of insta-

bility was encountered at conditions N1A, N1B, and N1C.

The instability, which appeared to be more directional than

oscillatory in nature, was usually evidenced by yawing

motions that increased in magnitude even when the allerons

and the rudder were used for control. . In some flights at

this unstable -condition, the model yawed to a large angle
and then rolled off abruptly with the leading wing goling

down. It was Interesting to note that the {light behavior

bf the model with the-negative'dihedral and tail 1 improved

With increasing momnents cof ineftia; This surprising effect
appeared to be a direct result of slower, and therefore nore
easily controlled, yawing motions of the model with the
ﬁigher rmoments of inertia.

The ratings for damping of ihe osciliation in figure

8 for conditions N1A, N1B, and N1C are given in parentheses
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because of the uncertainty as fo whether the instability
was éscillatory'or directional in nature. .It ghould te
noted that these conditions on the stability diagrém fall
very near the boundary for neutral directional =tability
(D':"O). In the negative dihedral range, and in fact for
all spirally unstavle conditions, the R = C boundary 1is
not an indication of neutral oscillatqry stability because

E, one of the ccefflclents of the stability equation,

e

3
negative. An examination of the roots of the stability
‘equations for several negative dihedral conditions, however,
reveais that oscillatory stability theoretically exists
well below the D = O boundary. It appears, therefore,
“that over the negative dihedral range directional diver-'
gence will occur before,oécillatory instability as indicated
by the flight tests of the model.
Reaction to Gusts

The reaction of the model to the normal gustiness
in the air stream was improved by increasing the moments
'of inertia. Vith the high values of kx/b and kz/b, the
modsl was less sensitive to gust disturbances.during

smooth flight and appeared to be steadler both in recll and

cr
g

in vaw than with the lower moments of inertia. This

effect, which was apparently purely inertial, was considered

s

beneficial frorm a stability standpoint, but like some aero-

dynamic stabilizing effects was detrimental to lateral

control, as will be shown in the following section.
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It should be pointed out -that the beneficial effects
of high moments of inertia on the lateral steacdiness of
the model were present only during smooth flight. . Cnce
the smooth flight of the model was interrupted by a partic-
ularly violent gust or control -disturbance, the high noments
of inertia prolonged the effect of the disturbance and
increased the difficulty of returning to steady flight.

‘Lateral Control .

Increasing the moments of 1nertia caused rarked
increases in the time to reach a given angle of bank with
aileron control. It is evident from the time histories
of abrupt aileron maneuvers shown in figure 11 that this
reduction was causéd by decreased rolling acceleration.
The model accelerated so slley'during alleron maneuvers
at conditions B and C that maximum rolling velocities
could not bve reached during the limited time and space
available for the maneuvers.,

Figure 11 shows that the test results were in ezcellent
agreement with calculations of the pure-banking'motion
of the model. 'Thése-calculations, which were based on
the assumption that the model had freedom oﬁly in roll,
indicate that the maxirmum rolling velocity is not affected
by changes in moments of.inertia. " Complete calculations
of the banking motion of an alrplane with three degrees

of freedom (unpublished data) show, however, that increasing
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the moments of inertia reduces the final rolling velocity
as well as the acceleration in roll. In anylevent, it
appears that, with a very high rolling moment of inértia,
the reduction in rolling acoeieration alone is sufficient
to lengthen noticeably the time required to attain a given
- angle of bank with aileron control.

The-téét data of figure 11 are nade apblicable to
the airplane by additional scales for rolling velocity
and time. By means of these scales, a better indication
can be obtained of the effeécts of high'moments of inertia
on the angle of bank reached ih a given time or on the
time required to reach a given angle of bank for the full-_
scale airplane.

General Flight Behavior

The general flight behavior becamé worse with increas-
ing moments of inertia, as shown by the flight-behavior
ratings in figure 12. It appeared that oscillatofy sta-
bility was the predominant factor influencing the pilot's
opinion of the general flight behavior, as is indicated
by the simllarity of the ratings on figﬁres 8‘and 12 for
corresbonding test conditions. The magnitude 5f the
detrimental effects of increased inertia on general flight
behavior, as on oscillatory stability, was dependent upon
the model configuration; the greatest effects were observed

with the large positive dihedral and the least effects
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were noted with the large vértical tails (tails 3 and }}) used
in combinetion with the negative or small positive dihedrals,

Combinations of dihedral and vertical-tail area that’
gave satisfactory flight behavior at the different moment-
of-inertia conditions are indicated in figure 12 53 approxi-
mate boundaries that separate satisfactory and unsétisfactory
regions on the stability charts. It is apparent‘from the
manner in which the boundaries shift that the number of satis-
faétory~combinations of ‘dihedral and vertical-tail area
decreased with increasing inertia. One model configuration
(small positive dihedral and vertical téil h), hoﬁévef, pro-
vided good general flight behavior for all moment-of-inertia
coriditions tested, | |

CONCLUSIONS
- The effects of increased rolling and yawing moments

of inertia on the lateral stability'and'cbntrol cﬁafacter~
istics of an airplane as determined byvfesté of a-modei
in the free-flight tunnel may be sﬁmmarized as.followsf

1. 1In general, the test results were in good aéree-
ment with theory in regard to the effects of'momenfé of

inertia on lateral étabiliﬁy end control.
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]

2. Increasing the moments of inertia did not
affect spiral stability and didAnot increase the
difficulty of flying at a condition of spiral insta-
bility.

3. Increasing the moments of inértié reduced
oscillatory stability.  With negative or small;
positive dihedral the reduction in stability was hot
great even with the small vertical tails. With the
large positive dihedral, however, large increases in
the momente of inertia introduced dangerous oscillatory
instability, especially with the smaller vertical tails,

4. With high roments of inertlia, the model was
less sensitive to gust disturbances and conéequently
flew more smoothly than with the normal rmoments of
inertia.

5. Increasing the moments of inertla reduced
the folling acceleration provided hy the ailerons
and thereby caused a marked increase in the time
required to attain a given angle of bank.

6. The general flight behavior became worse
with increasing moments of inertia. The greatest
effects of increased inertia were observed at
conditions of large dihedral and small vertical-

tail area.
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7. Satisfactory flight characteristics for all moment-
of-inertia conditions were obtained with the small dihedral
(CZ‘3 = -0.038) and ths large vertical tail area (Cnﬁ = 0,11).
Langley Memorial Aeronautical Laboratory, .

National Advisory Committee for Aeronautics
Langley Field, Vas
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TABLE I

VALUES O STABILITY DERIVATIVES USZD
IH COMPUTATIONS -

ZCL -ig a dependent varisble

|
g - o
C T C T C < . 1 ¢ G

v,

Y3 ng 'p p bp By
-0.196 |-0.0040 -0.47 | -0.0820 | 0.25%0 ~0.0472
-.201 | -.002 -.47 | -.0817 | L2833 | -.0484
-.226 0065 | -.47 | -.0503 | 2847 | -.084%
-\ 328 0415 | -.47 | -.0431 | .2619 | -.0790
-.426 L0765 | -.47 | -.0336 | .2714 | -.1035
-.526 | 1115 | -.47 | -.0217 .2833 | -.1280

S =626 <1465 ; - -.47 | -.0070

romm e
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Figure 3.~ Side view of model used in mass-distribution investigation in the
NACA free-flight tunnel.

Figure 4.- Plan view of model used in mass-distribution investigation in
the NACA free-flight tunnel.
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