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A CO:FARTISON WITH FLIGHT DATA OF VEATICAL-TATIL LOADS
IN VARIOUS HAUEUVERS ESTIMATED FROI! SIDESLIP ANCGLES
AND nUDDER DEFLECTIONS

By Howard L. Turner

SUI4ARY

A comparlson ls made of the vertical-tall loads deter-~
mined from pressure-distribution meessursments in flight in
various meneuvers with the corresponding vertical-tell loads
calculated, using the values of sideslin anglee and rudder
deflections as measured during the varlous maneuvers. The
maneuvers investigated included slow rolls, steady sideslips,
fishtails, and rolling pull-outs. The loads were calculated
only for the sldeslip engles and rudder deflections corre-—
sponding to the maximum measured load in each maneuver, For
the maneuvers investigated, the calculated loads were found
to be conservative by apnroximately 16 percent as compared
with the experimental loads. The sources of error in the
methods of estimating some of these aerodynamic parameters
2nd thelr effects on the vertical-tail losd compubatlions arc
discussed briefly.

INTRODUCTION

In several of the more recently proposed methods for
computing critlical vertical-tail loads, it is necessary, in
a given %type of maneuver, to determine the values of sideslip
angle f, the rudder angle 8y, and the yawing veloclity r,
in order to predict the total vertical-tall loads, MNethods for

rredicting these values anslytlcally for various types of
meneuvers are presented in references 1, 2, and 3, although
in some of these cases partial verification of the general
method of computing vertical-tall loads is »rovided by
comparing computed results with velues from flight tests,
there still remains some uncertainty as to the accuracy with
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which the total vertical-tail loads mey be predicted .using
avallable means for Ustimating'aerodynamic rarameters from
airplane geometry alone.

In order to provide date to furiher substantiate the
validity of one step in the prediction of tail loads, flight
tests wecre conducted. on a probeller-&riven fiahter—type oair-
Plane in which vertical-teil loads were mcesured, by orificcs
on the surface of the vertical tail, in various static and
dynamic mancuvere.  Slmultsneous valaus of gideslip angle,
rudder deflcction, and yYawing veloclty were alsc measured
From thesc data an& the. aerodynamic perameters eveluated using
the vertical-teil geametry, the vertical-toill loads were
computed and thecn compcrcd with the qorrceoondine loads
megsurecd in flight,

SYi'30LS

Lg total vertical-tail load,; poundé :
' (Positive when acting to the night, )

Vi true airspeed, fect per‘segondq;___;n“_ [
Vy tndicated airspeed, miles ﬁer hour -

{Vi = 170{ gz + 1)0:288 -'1]%}'
Go free strcam dynamic pressure, pounds per squarc oot
G+t dynamic pressure at the tail, pounds per square foot

dc impect pressure shown Dy pitot—static tube, pounds
. per square inch . . L o

St vertical-tall erea, square fect !

27 distence from ¢ irplane center of :Tavitj to rudder
hinge line, fecet :

c local.vcrtical~tail chord, fect -

Py resultant pressure, pounds Der sduars fdet
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_sectlon normal-force coefficient

Cn
Cn normsl—-force coefficlent
r yawing veloclty, radians ner second
angle of sideslin, degrees
(Positive when right wing forward.)
® fin offset, from fuselage center line, degrees
(Posit*ve when leading edge to the left )
o angle of sidewash, degrees
Sy rudder deflection from fin center line, degrees
(Right rudder positive,)
at effective vertical-tail angle of attack, degrees
T relative rudder effectiveness

‘dat _ >0N$/d8r )
ddr OON+/ dat

'( ) vertlcal—-tall lift-curve slcne

dCw
Nt glope of vertical-tail normal-force _
a8y coefficient versus rudder deflection curve

TESTS, APPARATUS, AMD PRECISICN

The test maneuvers used in this investigation were
gteady sideslips, slow rolls, fishtails, and rolling
pull--outs,. Steady gsldegllips were me de'with power off
and with normal rated power. All other maneuvers iwere
performed with normal rated poirer only. All the tests
vere made at an average altitude of 10,00C feet,

The test venicle used in this investigation was a
gsingle—engine, propeller-driven, fighter-type ailrnlane.
(See fig. 1.) NACA continuous—rilm recording instruments
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were used to measure, as a function of tirme, the control posi—
tions, sideslip angle, yewlng velocity,. &irBDuSd altitude,”

and the resultant pressures over the vertical tail Fiaurc 2
1s a side view of the vertical tall of the test airplane
showing the principal dimensions and the locations of the
pressure orifice statlons.

The precision with which the’ sideslip angles and the
rudder deflections were measured wes belicved to, be :blo
The vertical-tall loads obtained from the pressure distri—
butions are believed to be accurate: to #3 percent for ‘the
gtatic meneuvers and =5 percent for the dynamic maneuvers,
depending upon the magnitude of the load :

HETHOD

The total aerodynamic load on_ the wertical teil for any
static or dynemic maneuver may be glven by the exprcssion.

+8r<60Nt>'l : o | | (1)

For conveniencce in the use of this expression, equation (1)
may be written as '

... 74cC
Ly = St q (E-&E‘-)t at - (2)
where _ .
.3rly '
at =p + o+ o+ Esz~—5 + T8p (2a)
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where . . . .
OC0N /98,

T =
00y /Oat

In applying these ecuations to the computations of
vertical-tail loads, it is necessary that the methods of
defining tne coefficien%hs be considered. In ecuation (2),
the area of the vertical-tall Sy was assumed to be The area
of the fin above the fin-fuselage juncture plus the movable
area of the vertical tail; this assumption conforms with the
convention set up in references 4, This is the area covered
by the pressure orifices as shown in figure 2. The dynamic
pressure at the tail gy was assumed to be equal to the
free-stresm dynamlec pressure dg. The slope of the vertical-
tall 1ift curve was estimeted from figure 3 of refercnce U,
The effective angle of atback of the vertical teil ay is
given by equetion (2a).

In evaluating equetion (2a) for the prescnt anaelysis,
the values of sideslip angle, rudder deflection, yawing
velocity, and asirspeed are those meeasured in flight at the
time of maximum sideslip, and correspond %o the maximum
losding condition in the maneuvers 1nvest1gated The fin ;
offset angle © 1is fixed at 1° left of fuselage center line.
The angle of sidewash, discussed in reference b, was neglected
in this report due to the lack of sufficicnt information for
accurate estimation. The relative rudder effectiveness T,
which is based on the rclative areas of the rudder, the
rudder balance, and the vertical t2il, was estimated from
figure I of reference &, Since tuis report deals with load
conditions at the time of maximum sideslip, the increment of
angle of attack due to yawing velocity may be neglected.
Hence, for the purpose of this investigation, the effective
. vertical-tail cngle of attack may be exnressed as

ag =P + o + T8p (3)
Ueing the dimensions shnown in figure 2, the following

geometric parcmecters were ocvaluetad:

2
Geometric asnect ratio = H2/Sg = u.%l = 0,38l


http://www.abbottaerospace.com/technical-library

NACA RY No. A7F25

N

Effective aspect ratio =.1,55 (0.884) = 1.37

8r/8¢ = 1 :g = 0.502 S
Sp/5p = % g = 0.159 - .'f' o o .

These parwmetcrs werce applied to figures 3 and 4 of rofer-
ence % to estﬂblish the values of the following:

(acn/da)y = 0.035

T = 0.7L

RESULTS AND DISCUSSION

Typical pressurc distributions ,ore pregented ln figurec 3
to show the typo of data from which !the experimentel loads
were obtained., From thesc pressure "digtributions and from
similer plots not included ik this rewort, the experimentel
total vertical-tail losds were evalucted. In figure Y(a) the
flight-measured loads arec compared with the calculated loads
at various indiceted airsneeds for two power conditions,
Figure 4(a) indicates thet, for the moncuvers investigated,
the effects of power eppear to be napligible, and td?t the
calculated verticel-tall loads were opprox 1mately 16 percent
greater than the corresponding fligni-mezsured loads. This
discrepancy ls not too.large and may be acceptable for prelim-
inary Cesign. - However, a brief discussion of the nossible
souwrces of error eqterinq into the teil load equatioﬂ may be
of some aid in interﬁrotiqg thesge results, :

In equation (2), it is seen that the accurste estimation

of Qg and (25?) " 1s necessary before any conclusion can be
t .

made about the adequacy of ecuation :(3). Although an error
in gt would effect & simllar error in the values of the
celculeted vertical-=teil loeds, egreement of the power-on and
power—-off data of.this report indicates that for the speed
range and test condition investigated, the assumption of
gt = do introduces negligible error,
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do
ls subject to possible error g since the effectlve aspect ratio

of the vertical tail is determined by the use of severel arbi-
trary assumptions. Figure 5 comnares the experimental
vertlcal-tail lift-curve slope obteined from flight data with
the estimated vertical-tall lift-~curve slope from reference U
for a rudder angle of approximately -3°. The experimental

velue of kGN> of 0,030 is 13 Dercent less than the value

ac ;
The estimation of (——E)t by the method of reference L

of 0,035 estimated from reference 4, This difference is
sufficient to account for most of the discrepancy noted
between the measgured and the computed vertical-tail loads.
Consideration of the velues of 8n and B + @ at Ony =0

indicates a value of T of about 0.%0 which represents a
reasonable check of the assumed value of O. 7.,

Figure 6 indicates a sizeable difference between static
and dynamic maneuvers in the effective angle of attack of the
vertical tall due to rudder deflection, particularly in left
gsideslip., In an effort to determine the sensitlvity of tne
estimated vertical-tall loads to the value of the relative
rudder effectiveness T, the computed loads were recalcu-
lated using snother value of T Jiffering from that origi-
nally used by about 30 percent. The results of the compu—
tation are shown in figure L(b). The estimated lLift-curve
slope dCw/dat was unchanged from that used in the compu-
tetion for figure L(a)., I%t may “e seen in figures U(a) and
4L(b) that s;though the new value of T somewhat reduces
the difference between static and dynamic maneuvers, 1t does
not reduce the discrepancy between flight loads and computed
loads. It may be further observed that the use of T = 0.5
introduces an asymmetry in the slinement of the test data
but does not reduce appreciably the over-—-zll dispersion of
the test points. However, 1t may be concluded thet small
changes in the wvalue assigned to the parameter T dJdo not
greatly influence the agreement obtainable between flight-
measured and com>uted verticel-tail loads, -

CONCLUSIONS

On the basis of the tests conducted on a typrical fighter-
-type alrplane, the following concluslons werec reached which
are probably generally anplicable only to airplanes having a

t
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tail configuration similar to that tested:

1. The effective angls of ettgck of thse vertical tall
under maximun logding conditions is ‘edequately defined by. T
combining the sidaslip angle with the fin offsct angle and the :
engle increment equivalent to: the rudder-deflection.,

2. If the maximum sideslip angle and the rudder deflcce
‘tion at the tlme of meximum loading of the vertical teil are
known, the maximum loads in static and dynamic maneuvers may
be predicted fairly eccurately. Using current methods of
cstimation, the calculated verticel-tail loads werc found to
be eoiroximatelv 16+ ‘percent greeter than the corresponding
flight-measured loads.’ : ; o

3. The most. imvortant single factor in this estimation
of vertical-taill loads appears. to be the vertical-tall L1ift-
curve slope, Further improveoments in the asccuracy of egti~
mating ths vertical-tall loads eppeésr to be dependent upon
more accurate means for estimeting. tbe vort1031—teil 1ift-
curve slope. : _

Ames AeronevtioiliLaborqtory,
National Advisory Committee - for Aeronautics
Ioffett Field Calir.
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