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FLIGHT INV“éTIGATiOV'OF.EFFECT’OF VARiOUS VERTICAL-TATL
~ MDDIFICATIONS oN THE DIRECTIONAL STABILITY AKD CONTROL
CHARACTERISTICS OF THE P-634-1 ATRPLANE (AAF No. L2 68889)

' By Harold I. Johnson
'sﬁMMARY.

Because the results of prelim nary flight tests had indicated
Athc P- 63A 1 alrplane possessed insufficient directisnal stability,
“the NACA and. the ‘manufac turer- (Bell Aircraft Corporation) suggested
three verticalitail modifications to remedy the deficiencies in the
directional charscteristics. These mudlflcatlons included an
enlarged vertical tail formed by adding a tip extension to the
original vertical tail, a large sharp-edge ventral fin, and a small
dorsal fin. The enlarged vertical tail involved only a slight
increase in total vertical-tail area from 23.73 to 26,58 square feet
but - a relatively much larger increase in geometric aspect ratio
from 1.2% %o 1.73 based on height and area above the horizontal tail,
At the requsst of the Alr Materiel Commend, Army Aiv Forces, flight
tests were made to determine the effect of these modlflcations and
of some comblnat*ons of these modifications on the directional
stabllity and control characteristics of the airplane, In all,
different vertical-tail configurations were investigated to determlne
the- lateral and directional oscillation characteristics of the
airplane, the sideslip cheracteristics, the yaw due to ailerons in
rudder-fixed rolls from turns and pullwouts the trim changes due to
spped changes ‘and the trim changes due %o power changes.

Results of the tests showed that the enlarged vertical tail
approxlmately doubled the directional stability of the airplane and
that thc Ppilots .considered the directional stability provided by the
enlarged vertical tail to be satlsfactory. Calculations based on '
sideslip data dbtalned at an indicated airspeed of 300 miles per hour
showed that the directional stability of the airplane with the
longlnal vertlcal tail corresporded to a value of C ng of -0 00056

whereas for the enlarged vertical tail the estwmated value of
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CnB was -0.00130, The Qentfél'fin wés(fdund to increase by a

moderate amount the directional stzbility of the airplane with the
original vertical tail for small sideslip angles &t low speeds but
little consistent change in directional stability was effected by

the ventral fin-at higher speeds. The effectiveness of the ventral
fin was generally much less when used with .the enlarged vertical tail
than when used with the original vertical tail. The ventral and
dorsal fins were found. to be very-effective in eliminating rudder-
force reversals which occurred in low-speed hlgh englne-power
~sideslipped conditions of flight., Sideslip tests .at two altltudes

for approximately the same engine powsr and indicated airspeed

showed. that a small decrease. in static directional stability

occurred with increasing altitude and this decrease in stability was
attributed to the increased propeller blade angles required at high
altitudes. The variations of rudder pedal force with indicated air-
speed using normal rated power and a constant rudder tab setting
through the speed range were desirably small for all the configuratims
tested. The rudder. pedal force changed by about 50 pounds for a
power qhange from.enane 1&11ng power. Lo normal rated power and this
pedal force change was largely 1ndependent of. alrspeed or of vertical-
'ta;Ll conf’ 1guratlon for the varions conflgu:ratw ons tssted

: 'MQDUC‘TIbN‘

At the request of the “Adr Materwel Command Army Alr Forces,
-fllght tests vere, made to détermine the effect of various vertical-
tail modifications on the dlroctlonal stablllty and control. charac-
'terlstlcs of the P- 69A -1 airplane. Previous tests, had shown that
the original vertical tail prov1ded insufficient directional
stability to hold the yaw due to Full aileron deflection (rudder .
 fixed) below 200 gy low spoeds; that rudder-force. reversa]sivA .
‘occurred in sideslips at low speeds with hlgh engine power, and that
the controls-fres lateral and directional. osczllatlons vere poorly
.damped in some flight conditions. Furthermore,. it was found ‘to be
difficult to meintain constent normal accéleration in steady turns.
and this was attributed to ingbility to maintain constent’ yaw heading
becaugse of low directional stability. In order to,improve the
dlrectlonal characterlstlcs the NACA suggested the use. of an.
enlarged vertical tail, formei by addi ing.a tip nxten81on to the )
orlglnal ‘vertical tail and also & smell dorsal f1n For the same
_ reason, the manufacturer (Bell Alrcraft Corporatlon) suggested a
large ventral fin, This. report. presents data showxng the effects.
of these soparate mod1f|catlons and, of a combination of all the
modifications on the directional stabllity and control’ characterlstlcs
of the airplane. ' The tests reported herein were made-at Langley
Field, Va. in 19&5.
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ATRPLANE AND VERTTCAL-TATL MODIFICATIONS

General speciflcatlons of the Bell P-63A-1 Lighter airplane
are given in the appendix. A three-view drawing of the airplane is
shown in figure 1. For the tests reported herein -the, center of,
gravity varied, primerily because-of fuel consumption, from about
26.5 to about 2& 5 percent mean aerodynamie:-chord.. Also because
of fuel consumption, the gross weight varied between approxinmitely
8350 and 7800 pounds, Calculations and limited.test data for.
widely varying center- -of -gravity locations indicated thé 2- percent
change in. center—of-gr&vity ‘position encountered..in.the. tests |
would have a negllgible efié%t‘ on'ithesdirectional.. characteristics
of the airplene. Plan 'forms’ of ‘the.oiiginal vertical’ tail dnd the:
enlarged vertical tail suggested by the NACA are shown in flgure 2.
Dimensional characteristics of the two vertical tails are given’
in table I. As is shown ¥ table’Iéand figure 2, the enlarged
vertical tail involved an increase in vebtical- tail height of

152 1nches and a sllght area increase from 23.73 to 26.58 square-

fest; however the geometr iagpect Patio.fbased. on vertical-tail
height and.. area above the horizontal tail) was increased Trom 1,24
to 1.73. The effect Gfths’ increaaefmnﬂaspect rablo yas expected
to inerease the- d;{ectlonal stability mnch more than the effect of!
the incresse.in’ vertica‘ t ii;éﬁ?' : §

The plan forms and major dimen51ons ef*the,dorsal and ventral
fins -are shown in figure 3. The dorsal fin (fig. ¥) Bad a sharp
edge extending. appro imately “Ehe’ first‘threa~quart@rs of its length
along the fuselage, from that 'psint on . the edge was, gradually
rounded to fair inte ths f'in 1&8aingedge.. The. ventral fin (fig 5)
had a sharp edge along its entiré length.a”;,ﬁgiijﬁ

s

xsﬁ.Pictures of the varlous airplan@ configurations tested, in the
order Gf;subsequent data~presentatlon avre: rqprqduced i figure 6.
The relation between aﬁgular travek: of the- rudder ‘and llnear travel
of: a rud&ar pedal alon§ its arc is shown in flgurb T

TTETa
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Standard NACA recording 1nstruments were usod to measure’ the
following quant1t1e3° Sl

(1) Service indiq;-ated airspeed

(2) Pressure altitude
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(3) Normal accelerabion. i e *ros Faiimoy gul t e
{(4) Aileron a.ngle

(5) Rudder angle ) ';':f
(6) Rudder pedal force-:; )

(7) sSideslip angle

Alrspeed was measured from a pitot-statie head mnunted on
the end of a special boom extending ahout-l:chard. _lengt;z ghead  of .
the right wing near- the wing tip.‘ W:_L:thinf this:report airspeed is
defined by S T I & S S RS S PORE A

Ty - 1508 2oyg L

wherein: ‘ B N ST D I e e

Vig correc® servme indlcé.ted airspeed ‘miles per “hoir
fo standard sea-vlevel cbmpresslbillty correctlon fa.c‘bor
4, difference betweem tot&hh@aﬂ, pressure and fréenstream '

static pressure (corrected for. position:erpor),. .

inches of water .
Correct service indlcated alrspeeé. @erresponds to ‘che reading
of a standard Army-Navy airspged-indicator:connected &0 & pitot~:
static head free. from position error: .:This airspeed-is alseo . .
referred to as calibrated airspéed. - i <o) o0l wop s e

The measurements of aileron a.nd rudder angle ;f}é;r'e Ainadé by
instruments connected directly-to: the: respective control surfaces.
so that no corrections 'bo the measured &ngles were necessarm

The mdesllp angles were: meaezured from a- free ~floating vane
mounted on the end of & special boom extending about 1 chord length
shead of the left wing near the wing tip. No calibration wes made
of the possible position error of thisrinstellation so that the
absolute sideslip angles shown herein may be in error by about
1° or 2° due to possible outflow or inflow near the wing tips

Judging from calibrations of similar instellations: on.other air- . . -

plenes., In spite of possible error in absolute sideslip angle,
however, changes in sideslip angle measured at a given speed and
normal acceleration are believed to be corvecti: s - -
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The investigaticn cons1ste& in'determ;ﬁing the' dlrectlonal
stabllity énd - control characteristlcs of ﬁhe airplane with the
ol Vertical tail conflgurations from.the following types o
of: tests"”; et S ‘

/ (1) Lateral osci}lgﬁigns‘wtw

s (2) "S:Ldesllps o ::

'f(s)ﬁ[Rolls out’ 6 ‘tur':”vf_.;f- ~*»
(&)Z’Rolls Frdm pull outs SRR

‘1(5) ”Trxm changeé due to speed chang@s":i& 1;

(6) JTrim changesf ﬁelﬁo pcwer chanwesw s

The' alrplane was -in" the’ ‘Glean condltion (lanilng gear and flaps 3
‘retracted) for ak "he te vte” reported hereln. ;*_m

“The lateral osozllations Wers maaeiby suddenly releas1ng all
*?the ‘controls after ‘the alrplane hd& béen put 1nto ‘s small angle :
stéady sideéslip: “THESE viing whre made ‘using power for: 1eve1
flight at 5000 feet altitude at indicated airspeeds of 150, 200
250, and 3OO mlles per hour.

PRCISE0 & SR PR oo v

- The uldesllpﬂ were by the cont¢nuous recordjng method
whlch is ‘described-in detal in reference 1.7 The" steady yaW1ng ;
and- rolllng ve1001ties iR the contlnudus sldesllps were held low .
endugh to- consider tho resultlng ‘data representatlve of that which
would be" cbtained in“gt; ady sidesl;ps. SldBSllpS vere made at ‘
5,000 feet altitudé with engine “fdling at 150"miles per hour and -
w1th normal rated power at 150 and 300 miles per hour, and at
;25 OOO fect altltude w1th normal rated power at 150 miles per hour.

. The rolisgt out of*turns were made W1th nglne 1d11ng at’ 5 ‘000 feet
" altitiids for speeds’ betwsen 155 and 130 miles per hour (approxi-“
 mately 125 to 130 percent of “the St&lllﬂé speed) For these tests

- -the alrplene was first put“lnho 8 steady banked ‘turn of about h5°
ek angle (correspo‘dfng to’ apprOX1mately 1.kg normal acceleratlon)
and then thé stick was moved: abruptly 4o a predetermined lateral
defTectid agatngt the-dlrect1on of benk holding the rudder leeda
Thé resulting #611 was held uhtil ‘af'ted the ‘haximm sideslip angle
had been obtained. It was the original intention to make the rolls
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out of turns at 120 percent of the stalling speed {about 120 miles
per hour) but preliminary attempts showed. that appreciable aileron
deflection at this speed resulted in stalling the wing. In this
connection a recent revision to the Army handling qualities
spe01flcat10ns rawsed the“ﬁes X ¢ ‘”‘eté iﬁing yaw due to
ailercns at low speed from” 1.27% 1.} o4 gm_s'ths Power-af £ ‘stallirg
speed when the maneuver was ‘chabigsd Front a “roll from level flight
to a roll out of turn.

Rolls from pull-outs were made "4t ‘about 5000 Feet altitude
Tor speeds of 200, 250, and 300 miles per hour. To execute these
maneuvers, the pllot rapldly pulled the airplans to '3g normsl
acceleration with wings laterally level and then abruptly applied
a predetermined aileron stick deflectibﬁiholdlﬂg ‘the ridder - fixed.
Until the time maximum sideslip angle wag achleved the pilot
attempted to hold the initial normal” acceleratlon constant by
movements of the elevator .in .accordance with indications of a
visual accelercmeter. For €His sdrids of’tests “tnb- propeller
blade angle and thrust coefficient were held constant at the
values determined by u51ﬂg isrmal “rated’ Power-at ‘300 miles per
hour indjcated airspeed,. Therefore, at the lower speeds, both
the ‘engihe speed and’ mr*ilola.prGSSure wers’ reducsd” from the *
values corresponding’ £o Hormal” rated powsr (2600 fpm h3 inches of
mercury) The. propeller blade angle and thrust coefficient were
held constent in thede testsaln an’ attempt “to miintain constant the
contrlbutlon of the prqpell . ‘oﬁthe d‘rect“oqal stabllity of the‘
airplane. L \ PR ,

The directional trim changes due to spded changes were
investigated.only for the rated Jpower condltlon at approximately
5000 feet altltude for one” rudder trim-teb’ setting. These tests
were made by trlmmrng the T force to Zero in level flight -
J(roughly 300 miles per hour indicated alrspeed) and then taking
récords in laterally Tevel: straight fllght at steady speeds
ranging from the stalllnn spe: 'h?O miies per: hour
1nd1cated alrSDaed“ Ve )

Diréctional tiim ‘changss due’ t8 power Ehanges were determined
~at.5000 feet altitude at 125; 150 and 300 miles per hour indicated

‘v"alrépeed In meking thes@ tesﬁs the airpiane was first trimmed for

zeto rudder force with rated pOWer holding the W1ngs level in _'

'S‘cmight‘flight at;"tﬁé“'c.hcs,sé specd :

;..o idle the’ ‘ehgine ahd redords’ were takeh”aftér the initial- flight

“”speed 8 laterally level altltude, and a stralght fllght path had
ur




NACA RM No. L6JOT S 7

'Late:dl Q$§iiiatiQn?ChaﬁabferisticS'f

Flgure 8 shows a time history of an undamped dlrectlonal
~.osc1llat10n that was encounmerad with the original vertical tail
during a prev1ous 1nvestlgatlon of longltudlnal stability charac-
teristice: and Wthh was, partlally responsible for the present
investigation." Upon notlng a small amplitude periodic motion of
the airplahe during a routine. climb.to high'altitude, the pilot
fixed the: controls to’ the best of- his -ability and obtained a o
record of ‘thé motion which failed: to damp out.in spite of the:
controls - belng 00n801ously held ;lxed -The minute eontrol motions
that actudlly did ‘occur during the time history of figure 8 are
believed to be the result of the fl@atlng tendencies of the
control:: surfaces coupled with . cantrol -pystem flexibility and
possible play’ ks ! the, control systems rather than the result of
‘”stick ort ru&d@r pedal mgvements e : :

It apneafs on the surface that the oscillatlon was a
manlfestat*on oither of "snaklng, & continuous directional
0501llat10n in which ‘movements of the rudder reinforce the motion,
or of "dutch roll a continuous directional oscillation which
occurs with rudder fixed.. Of .these two pogsibilities, the
evidence appears to support the "dutch roll” supposmtlon because
the rudder movements which did occur. appear much too ‘small to
account for" the 20 g 30 change.:in sideslip. angle involved: The
ocicuirrence of - duteh ro]l would 1ndlcatc insufficient directional -
gtability in the case of the P-63 because the dlhedral effect ‘
u:thbugh pOSLtlve 1s not strong eerou

It was wnterestlng to note that the continuous os01ll tlon was
not encountered in ‘the prescnt series of - tests 'whérein all the
airplens condxtvohs were . dupllcated with therexception -of the
langitudlnal stablllty Thls spggests the :posaibility that the”
continuous oscillation may have been melated to coupling of the
longitudinal and directional motlons through the gyroscoplc
reactlons of the propellbr S .

A summavy of the lateral oscillation oharacterlstlcs determined
in the preéent tests is given in. flgure 9, 11 Ahe results of
figure 9 wers obtained from time histories of: the variation in
sidestip’ angle.l The time requlred to - reduce- the oseillation to
half amplltude wog measured Qireetly from.-.envelepe ‘curves: ‘drawm on
the curves of sidéslip angle plotted against time. In general, each
test point shown in figure 9 is an average of between two to four
separate determinations. :
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The results of figure 9 show. that the addition of the ventral
fin containing 7.2 square feet area with the original vertical
tail caused a sizeable detrsase of the- ‘period, particularly at
higher speeds. This indicates a sizeable increase in directional
stebility. However, the addition of only 2.85 square feet of area
to the tip of the orlglnal vertical tail caused a greater decrease
in period at all speeds, :ndicatung -greater increases in ‘dirécticnal
stablllty It is 1nterestwng o’ note that’ addltlcns of ventgal—and
very 51zeable changes 1ﬁ perlod. Therefore it appears that(low B
aspect ratio fins such asg thd ventral fin tested way be reasohably
beneficial to directional stability when the initial directional
stability .is meager but rslati vely ineffective when the 1nit1al
directional stebility is'good.  This view is ‘borhé out by the data
obtained in the other typés of directional stability tests as will
be shown later. With regard to the time and nimber of cycles
required to demp to half' amplitude, the data indicate the dorsal
and ventral Ting weré, inigeneral, more effective in redu01ng
these damping parameters than was the gddition of tip area to the
original vertical tail. However, the data on the damping parameters
may not be conclusive because: cbnslderable scatter of these results
was noted during thesevaluation of data for: comparable test runs.
In the case of determining the period; -almost perfbct agreement was
obtained. between results fram comparable test runs,

Sidesllp Charactarlstlcs
A The results of the Sad@Sllb tests ‘are shown in flgurea w0
throuqh X2, ‘Tt will be.noted that in these and in somé subsaquent
figures, some of the faired curves have Pbeen repeated several times

to facilltate an evaluation of the effect of the various modlficatlons

on the -directional: characteristics. Hence, the plots at the top of
sach figure are-designed to show the effect of: iﬁorea91ng aspect ‘
ratio of the wertical tail: (and to & lesser ektent, lncrea31ng
vertical tsil area), the next set.of curves .show the: effect of -
adding the ventral. fln to the original vertical tall -and: 81m11arly,
the remaining plots.show theieffect of addlng the ventral and dorsal
fins to the e¢nlarged vertical teil. :

.- The. date obtained for:both the engine idling and the rated

power conditions &t 150 miles' per hour st 5000 Foet altitude are

shown: in figure 10.: In: the top plot: of rudder angle versug sideslip
angle ‘n figure lo(a) it is seen that increaslng the aSpect ratio

{gurve~ofﬁrudd@* ang]e versus,81desllp angl Measurements of the

slopesg of these curvesiat,zerO”sid@slip‘angle‘feSultfin values of
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0.72 and 1.04 for the original and enlarged vertical tails,
respectively, . On a percentage basis, the slope of the. curve for

the enlarged vertical tail is about. 1uu percent of ‘the slope for

the original vertical te} :1... When the relative effectiveness of

the two vertical teils and rudders (as estxmated from the _
dimensions of the apnendix and_ the charts of referenco 2) is .
con81derod however, it. can be shown that. these slope values
indicate the enlargeﬁ vertlcal tail provided about 19k percent of
the rudder fixed ‘directional etab:llty SqullOd by, ‘the original
verticel tail. This greater relatlve increase in. dﬁrectlonal -
stabillty over the increase in slope of rudder angle versus. gideslip
angle curves is due primarily -to the higher 1lift. curve slope of

the enlarged vertical tail resulting from the large increase in

. aspect ratio, The effect of adding .the ventral fin (fig. 10(a))

was to 1ncrease the dlrectlonal ata ’llty, pr:marlly at high -
‘sideslip angles. . Here - again; ‘the’ ‘addition .of the-ventral fin
caused a greater: incrsase-in. d1rect¢onal stablllty when used with
the orlglnal vertlcal ta;l than when, used with the enlarged vertical
tail. As regarde the ruader-pedal-force characterlstlcs, the dorsal
and ventral fins when added to either the original or enlarged
vertical tails causea a ma“ked steevenlng of the curves of pedal
force against gids sllp angle at large angles of 51dosllp, this
trend is charactar1st1c of “the .efféct of such fins and it results
”largely frem the increase 5n,wuddcr-f1yed directional stabillty
brought ebout by the leS at'hvgh angles of 81desllb

~With normal rated power at 150 miles per hour (fig. 10(b) ) the
alrplane exhibited strong tendenciecs toward. rudder force reversal
at large angles of 81desllp both in left and in’ r:ght 81deslip with
either the Qr¢glna1 aor enla“ged vertical tails. Actual ruddor force
reversals weve encountered in lef%t 31desl*p for both configurations
but the data are not shown because of uneteadiness in ﬁhe airplane
motion Wthh oceurred at very .grea at’ angles of s1desllp.: Tbe pilot
reported that when a’left sideslip angle of approxxmately 25 was
~reached, the rate of Jawing seemed to Jncrcase pre01p1tous1y w1thout
‘Turther, movement of the rudder pedaTS,' In one’ pa“tlcular rn with
the orlglnal vertical tail a lelt gideslip angle of 3) was attalned
béfore recovery was effccted This undee1rable characterletwc ‘was
believed to be caused by the comblnatlon ‘of rudder OVefbalance and
‘great flexibility of the control’ system. Durmg s glow increase in
sideslip angls, as the rudder force was relieved at large sideslip
angls, . the rudder automat4cally moved’ Parther W1ﬁhout corresponding
' movement of . the rudder pedals because the deflected control gystem
was, reﬁurnlng to an unstressed condltion From the data shown in
flguras T and” lO(b) _ it hag beén’ estlmated that the rudder vould
move approxlmatejy 60 with the rudder, pedals flxed for a rudder
hlnge;moment change corresnondlng to lOO pounds rudder pedal forCu.
Wheén the ventral fin was installed with thé original vertical tail
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or when either the wentral or dorsal fins ‘were used with the. .
enlarged vertical tail, the rudder force reversal was ellmlnated
and it was pos51ble ‘o deflect the rudder pedals fully aga1ns+
pr601p1tous ‘yawing tendency.g In the absence of rudder force f_.
reversal, the relatively great flexlblllty of the rudder control .
system was 1ot objectionable. It is 1nterest1ng to note in
figure 10(b) “that: the use of both the dorsal and ventral flns
together with:the enlarged vertical tail caused a marked 1ncrease
in both rudder fixed and free directionsl stabllxty 1n thls low
speed hlgh power cond1t1on of £light. )

Figure nn3 preqents the. data obtained in 81desl¢ps at 300 miles per
hour indicated airspeed at 5000 feet altitude using normal rated power
(2600 rpm,; 43 inches of mexcury). It should be noted in figure 1l
that both the abscissa and ordinate scales for sideslip angle and

rudder angle have been expanded by a factor of 2% over the scales
uged in flgure 10, but the rudder pedal‘force scale has been
malntaine& at’ the value -used for the low speed runs. - Therefore,
the slones of* the cuf¥ves of rudder angle versus sideslip angle in
flgures 10 and 11 mey be compared directly to determine the effect
of” speed on these slope values but the slopes of rudder force |
versus sideslin anglc -shown . by figure 11 must be muwtlplied by a
factor of 9%-to Dut these slopes on & comparable basis with those
"shOWn by figure 10, From figure 11 it is seen that for the small
_.ranges of sideslip engles over which data were obtained at
1'300 mJles per hour addition of the ventral fin to either the'nf

o orlglnal or enlarged vertical tail had no apprecisble effect on

‘the, slopes of the curves of rudder angle or rudder force versus .
51aes11p angle whereas addition of the dorsal fin to the enlarged
“vertlcal tail had a slightly beneficial effect on the slopes._'_f
€“,Hovever it is seen from the top curves of figure 11 that increasing
““the aspect ratio and area of the original vertical tail brought
about a large increase in the slope of the curve of. ‘rudder Vorsus
sideslip angle and, as explained previously, this. would. 1ndicate

~an even larger 1ncrease in thu rudder-llyed directional, stablllty

An attempt has been ma&e to determlne the contrlbutions of '
"the various components of the airplane to. the dlrectlonal gstebility
of the complete airplane for both the original - snd enlarged
‘vertical-tail configurations without ventral or dorsal fins. The
results of this effort are shown in table IT vhich’ is largely
self—explanator* To make these estimations it was assumed that
the dynaﬂ1c pressure at the tall Wos equal ‘o free stream dynamic



Pressure. ThlS assumption is nearly correct fer hlgh epeed !
conditlons such ae that for Whldh aata are shown in figure lle -

S o

e

for" deetab111zing 1ncrements 1leted in colimm 6 of ﬁable II
are”not identical: Lor ‘the’ two: Vertlcal tall conflguratlons the
estimations dre not' necessarily in- error, For, if ‘the UDaocounted
for loss in directional etabillty was caused entlrely by an 7
unfavorable sidewash: effect,” the unactounted for ‘incréements would:
be éxpected to anount to'a constant cercentage of - the directiocnal:
stability contributed’ by ‘the isolated vertital tdils (cdolum 1).
Actually the unaccounted for losses in directional stability are
nearly a constant 15 pércent of the éstimated directional stability
contributed by the isolated vert*cal tails and this suggests
strongly that_the l eses 1n &ﬂre'tlcnal stablllty estlmhtea fram ,

~At any rate 5f the estlmetione of

table II are only reascnably correct it m&y be concluded that the
airplane with the enlar ed vertlcal tail possesscd about tw1ce es
much rudder~f1xed directlonal St&bllity a8 the. alvplane with the.
orzginal yertical tail; furthermorev thlu increage in elrectwcnal
St&bllltv was eccemwllshed with ‘only a leepercent 1ncrease in ,j'
vevtlcaL»tazl area whzch was d;spoee& in, suoh,a way as to glve the
greatest practical increass of aspect TdtWO. “J,,,,
.. Figure 12 ghows the effect of . increasing altitude on the

dlrectlcnal etablllty characteristlcs WLth rated.power at, an s
1nd1cated alrspved of 150 miles per hour for Tour dlfferent airplane
conf:guratwons. It is, bel;eved that the perslstent small decreass
in directional stablllty with Jncree81ng,a1t1tude ghown by this
fagure vas . attrlbutable to. the'lncreased propeller blage. angles that
were . requlred at the hlgh altxtude to. prodGCe The! hlgher true
speed that: corresponde to the game indicated, airspeed used in
at.the,. 1ow altitude.. . In this connect*on referénce 3 shows. that"
incrca51ng the blade angle increases the destab31121ng contribut;on
of a tractcr propel‘er,,‘ e

RS A Sew T e ,_1‘“

s P .
: : i

..Oharacteristics in Rolls Out of Twms . . .

Resilts of the rudder-fixed rolls out of turns are shown ih '
figure 13, It will be noted that the daté are plotted in terms of
the maximum change in sideslip angle per unit airplane normal-force
coefficient rather than simply the maximum change in sideslip
angle against aileron deflection. This procedure was followed in
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order to take into account small changes in normal acceleration
which unavoidably occur between the time the ailerons are abruptly
deflected and the meximum sideslip angle is.obtained. .Theory,
shows that.the yawing moment Jue. to aileron deflectlon and rolllng‘
and hence, the maximum sideslip angle attained denends prlmarily '
on the alrplane noymal -force cosfficient.. Conseguently, in order
to put the tiedt resulbs on a sound theoretlcal basis each test..
run was ‘analysed- o determvne thezratio-of the max1mum change 1n,(
sideslip angle which ,occurred. to -the average alrplane normalﬂforce
coefficient which: ex1sted during the xun. For. purposes of computing
the - average airplane normsl-~force coefflclent the average normal
acceleration apd speed khat- existed. durlng eaoh ryn was used If
it is desired to:obtgin the actual sldesllp angle changes from the
data -of :figure. 13, Jdt:is only necessary. to: multlply the ordlnate o
by the rairplane:nocrmal -force coefficient forwhleh the change in’ 'i
eldesllp 38 de31red . For:instance,. at an. alrplane normal,force_ '

coefflclent of l 0 the va]ues of ﬁﬁ glven by flgure 13 are-'?*

.. n. e
numerlcally equal to the me xS changes in sidesiip angle that
would be expected due-to geflection of the :aileyons - with rudder.
fixed,  When using the data in this way however it must be
reoognlzed that the data of flgure 13 appry only to hlgh ‘angles
of | attack low speeds and the enginé 1d11ng condition: ‘Also, for
very great 81desllp changes (greater than @bout 20°)° the data ténd
to be’ of academic interest only becauSe in thée flight tests it was
found, that by the tlme such large 51desllp changes wers- attained’
the airplane had Trolled 1nto & near- ~inverted attitude-in’spite: af
the advantage obtained by startlng'the rolls from a 45° banked
position. When such large changes in attitude occur, the effect
of grav1ty mey be” important 1n determlning the maxnmum 31desllp
?:angle reachea,_;,; - o

The top plot of £i gure 13 showe that apnrOX1mately tw1ce as

.e,mmch change of 51des11p angle occurred with the- original ¥ertical

'tall as, w1th the enlarged vertical tall for a glven alleron St
“aeflectlon Thls is probably '8 good 1ndlcaﬁ10n that the - Cn
"dlrectlonal stablllty of  the” alrplane was roughly ‘doubled by the
en;arged vertlcal ‘tail. In thls COnnection, the - complloated
“dynamic naturve of ‘the alrplane #otion in these roll-out-of- turn
maneuvers doss not permit easy rigorous conclusions to be made-
concerning the directional stability simply from a consideration

of the maximum sideslip angles attained. However, it is worth-
while rememberlng, when ‘exsminihg curves of “ths type shown in
flgure 13, that a decreased slope corresponds to increased
vdlrectlonal stablllty ‘Addition of- “the “ventral’ fin to ‘the orlglnal
,vertical tall (flg 13) brought about a moderate incdrease in ’
‘ dlrectlonal stablllty for small changes in 31desllp angle and large
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increases for large changes in sideslip angle. The effect of

the ventral fin was negligibie When used with the enlarged vertical
tail. These trends are in general sgreement with those obtained
~'from the low- speed swdeslip ‘tests already discussed. Addition of

* the dorsal fin to the enlarged vertical teil apparently reduced
the ability of the ve¥tical tail to restrict the yaw due to aileron
déflection in left rolls but no detriméntal effects of the dorsal
Tin appeared when the ventral fin also was -installed.” This - ~''+
“peculiar effect of the ‘doraal fln occurred also in-the higher speed
rolls from pull- outs (fig. lh) No explanatlon for the effect is
offered ’ ‘ - :

Characterlstics 1n Rolls from Pull Outs

Previoug work on the P 63A—l alrplene (reference h) ‘has shéwm
- that the rol‘—frqm-pull out’ maneuver is onieé- in which very large :
 vertical- tail loads may" be- encountered Itwas' shown that the
- magnitude of ‘such verticals tall loads depehd to sotme extent off the
directional stabllity of ‘the- alrplane.' Increasing the dzrectlonal '
steb111ty of the’ alrplane would beé expectéd to reducé the maxirum
‘vertical-tail load: becauSe “for '8 g1ven yaw1ng moment due to
apnlicatlon of ellerons the maxrmum Sldesllp angle reached is®
reduced; the vertical- tall 1oad required to offset the unstable:
yawing moments of the" fuselage ard’ propeller is therefore reduced
“leven though the loaa required ﬁo‘offset the primary yawing moient
" due to° rolling remains essentlally constant W1th varylng dlrectienal
stability. AT !

The results of the rolls from pull-outs at the various speeds
tested are shown in figure IL. “The'faired’curves’ of the top plot
indicate that, on the average, the airplane yawed only about
60 percent’ as much with' the enlarged ‘yertical tail as-it did with the
original vertical’ tail for s glven diferén-dsflection. The addition
of the ventral fin 1o the- orlglnal vertlcal “tail’ increased: the yaw
due to use of the ellerons for left psils, - This fesult is centrary
"to" that obtaindéd at low'speed with'the efigine idling (fig. 13)' and
'*mlght p0551bly ‘be ‘caused by 8 local indreasé in unfaverable sidewash
in the region of “the ‘ventral fin brought gbout Dby the -useé™of’ pcmer,
In this COnnectvon, ‘héwever, -1t should be ‘fioted that use of the!

v yéntral fin with the enlarged Vertical” tall was not Aetrimental to
the characterlstlcs in" left rolls soithat’ any attempts to- explaln
the éffects of the" ventral fin‘én the ‘basis 'of sidewash must be.

‘regarded ‘as conjecture FAS weuld PBe expected the data of figure 1k
show that the conflguratlon 1ncerporat1rg all the modifications -
provmﬁed the greetest directional ‘s¥iffriesd in restricting the yaw
caueed by the yawnng mqment due te aileron deflectlon and rolling°

Y]
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Dlrect¢0ﬂ Trim.Characterzstwcs

Typical varlatlons of 51desllp angle and rudder angle reoulred
for laterally.level straight flight throughout the speed range with
rated power.for the enlarged -vertical tall .are shown in: figure 15.
Similar sideslip and rudder angle: data. for:the other five configura-
tions tested were almost:identical. to those shown in figure 15-and
are therefore not.presented.. It.iy seen that:only: about 20° right
rudder ‘deflection was reguired at:the gtalling speed so that
directional. contirol power was adequate.. Figure 15 shows that.a .
center -of -gravity movement of 5 percent of the mean asrodynamic
chord had a negligible effect on the directional trim characteristics.

Variations:of- the rudder pedel foree with:indicated alrspeed
are shown in figure 16 for the six vertical-tail configurations
“tested.  Hére .it-ig seen:that, the various verticel-tail modifications
had a -slight But'definite effect on the pedal-foree variations at
high speeds. The shape: of.the eurve for the original:wvertical tail
is characterisgtic of that which would -be expected .if the rudder
.fabric co¥ering or:the rudder structure distorted duwe to.high -
aerodynamic loafls; whereas.the shape of the eurve for  the: enlarged
vertical tail: w1th both: dorsal and ventral. fins: added is approxi-
matelyt that which would be:expected without-rudder distortion. With
regard: tothe -desirability of -the various types of force variations
with speed shown:in figure:16; there .appears te be little to .choose
from;all:of , the confi guraiwons provlded desirably small changes in
rudder. forecévwith 'chenges in -gspeed.: S { S [

i Trlm.Changes Due to Power Changes

The sffect of the vaflous vertlcal tall modlflcatlons on the
trim chapges:dué 1o power changes is shown in figure 17. The. data
ghow that ths addition of: the-dorsal and ventral fins to th@ two
‘basidsverticalstail counfigurations had.a negligible: effec& on‘the
crudder angle trim chidnges due to power changes. On the. othev hand,
'conéiderably more..change in rudder angle was.required to offset the
ryefringsmément. due to power with:all of the enlarged. vertlcal -tail
,sconflguratlons than: with either.of the orlglnal vertlcal~tall :
configurations, particularly: at- low,; speeds. ‘This result.is belleved
b0 Pe-explained by the: difference in height of the- two vertlcal
thileas related to the relative twist: of the slipstream. At low
speeds - {high angle of attack) the fixed tip-of the enlarged vertical
tail. probadly exténded imto a rvegion. of the slipstream where the
crogs-Flow: change due. to power change was: greatest, Therefore,.

“in orfsr-to:of fset the increased: change -in:yawing moment dus -to

. ekoBs flow of . the slipstream, greater rudder-angle changes were.
required with the taller, enlarged vertical tail than with the
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original vertical tail. It is interesting to note that the rudder-
pedal~fovce change with power change was approx1mately constant
over ‘the speed- renge tested, also-that this trim change was
.de51rablv small- inasmuch'ag it amounted to~only about 50 poun&s}

" for-any of the ‘configurations tegted:

oo

‘From an investlgatlon 6f “the” effect of varlous vertlcal tail
modlflcatnons on the direétionsl stabllity ‘and ‘control charac-
teristics of the P 63A 1 alrplane, the following concluswons were
1nd1cated T : o

1. The dlrectlonal stabllLty of the alrplane was approxlmately
dovbled by adding 2.85 square feet of vertical-tail area to:the™
tip of the original vertical tail which contained a total of 23.73
square feet area. Calculations based on data obtained in 81aeslips
at an indicated alrspeed o 300 riiles per-houi ‘showed: that the
directional stability of the alrnlane with ‘Theé origlnal vertical
tail corresponded to a value of Cng - ‘of +-0:000%56 ‘whereas with

the enlarged vertical tail the estimated value of CnB was -0.,00130.

The pilots considered the directional stability of the airplene
inadequate with the original vertical tail but satisfactory with
the enlaroed vertical tail.

) 2 The additlon of a ventral fin containing 7.2 square feet
> of -ares to the ‘airplane with the original vertical tail caused a

" médsrate idereage in directional stability for small sideslip

angles at low airspeeds but no consistent appreciable change in
directional stability at high speeds. The effect of the ventral

fin on the directional characteristics of the airplane with: the
enlarged vertical tail was generally much legs than the corresponding
effect with the original vertlcal tall ;

3. Rudder force reversalswwhich occurred ifh §idgslips at low
speeds for high engine powers with the original vertical tail were
eliminated by incorporation of the ventral fin. Similar rudder
force reversals which occurred with the enlarged vertical were
eliminated by addition of the ventral fin, a small dorsal fin, or
a combination of the dorsal and ventral fins.

L. A consistent small decrease in directional stability due
to increasing altitude occurred in low speed, high-engine-power
sideslips and this effect was attributed to the increased propeller
blade angles required to maintain a given indicated airspeed at
higher altitudes.
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5. The various vertical-tsil modifications hed & measurable
effect on the varlatlcn of" rudder pedal force with indicated
airspeed for fixed Fudder tab- settlng anid constant rated power; -
however, the férce variatlons provided by the varlous conflguratlons
were all desirably small. o

6. Greater changes in rudder angle were required to offset a
given change in engine power ‘with-the enlarged vertical tail than
with the original vertical tail, particularly at low speeds;
however, the rudder power was entlrely adequate to cope with the
trim change for any of the conflguratlons tested, - * A-rudder pedal
force of approximately’ 50 pounds was requwred to offset the ‘
directional trim. chengs due %o -changing the engine- pcwer from
engine idling to rated power conditions; this change of pedal force
- was largely 1ndepenﬁent of elther alrsneed or vertlcal tall
: conflguratlonu ’ i o

’Langley Memorﬁal Aeronautﬁcal Laborate*y S
Nat10na1 AdV1sory Conmittee for Apronautlcs '
Langley Fiel& Va. o - .

S ﬁ' >4mwi\fmw
o o T ' ‘Harold I: Johnson
Aeronautlcal Englneer

gt

Approved

T : i = /

Vi) J, e (' o ) \/f G AT
Melvin N: Gough “
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APPENDIX : . .

| GENFRAL SPECIFICATIONS OF ATRPLANE

Neme and type . . . . . .« . . 4 +% fw,. , .. . Bell P- 63A righter

' Engine . .;.,.j,f.:.A.gl_ff.;i;; ?é;j;’,},'. . . Allison V-1710-93
L Ratlng T N DT ’ L A

Take-off e e e 1325 hp at 3000 rpm, Sh in. Hg at S. L.

Normal rated ..« 1050 hp at ?600 rpm, 43 in. _Hg.at 10,000 -t
Military rated . 1180 hp at 3000 rpm, 52 in. Hg at 21 500 £t
Supercharger gear ratio . . . . .. c e e e e e 6 85 1
;Propeller (spec1al Aeroproducts type) A _—
CDismeter . . . . . e e e e e e e e e e e e e 4w w11 Ft- 1 dn,
Nmber Of blad@s o, o @ . .. c‘ L c"-;"_o AR 3 ° . 4 e ' ¢ e+ o ) }4'
anlnewpropelle* ge&r ratlo Ceveice o e e b W a0 e e e-2.2301
;Fuel capacwty (w1thout belly tank) gal ’Q‘; }T;'f ; - ;.Qﬁ; .. 136
.- 5910
. 7650
130.85

'Welght Smpty, Tb e e B

Normal gross weight, 1D « . . 4 ' w o v v v o v 4 v e u

Wing loading (normal gross wt.),1b/sq £t . . . . . . . .
Power loading (normel gross wt., 1050 hp),1b/hp « . . . . . . T.29
Over-all height (taxying position) . . . . . , . . . . 11 £t L in,

Over-all length . . . . . . . .+ ¢ v o v o ¢« ¢« s o« 32fFft 8%—in.

Wing:

Span, ft . . . . . e e e e s e 38.33
Area (including sectlon through fusolage) sq ft . . . 248
Airfoil section, root . . . . . ... . mAcA 66 2X-116
Airfoil section, tip .« . + « ¢« = « v ¢« + » « . . . NACA 66 2X-216
Mean aerodynamlc chord, in. . . s e e e e 82.5h

Leading edge M.A C ., in., aft L.E. root chord . . . . 6.11
Aspect va8LI0 . . 4 v b 4 4 s e e e e e e e s e e e e w 5,92:1
Taper ratio . . . o e e e b 2:1
Dihedral (35- percent chord upper surface) deg e e e 3.67
Root incidence, deg . . . . . e e . e e « e e e 1.30

Tip incidence, deg e e s e e e e e a e w e s e e e e e -0.45
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Wing flaps (plain sealed type):

Total area, sq ft . . . D
Span (along hinge line, each) 1n. e e e e e e e e
Travel, deg. doWn . » +le i %5 i 2l e o 0 o o 4 o o o

Ailerons:
Span (along hlnge line, each) AN, . v o o o 0 w00 4

Area aft of hinge center line, each, sg ft o o e e
Fixed balance area, each, sq ft . o s e e e e e e s

Location of 1nboard end of alleron, percent semispan . -

Location of outboard end of allcron, percent semlspan
Travel deg B T

Horlzontal tall:

. ¢ Blevator. area aft hinge center line, dnecluding: tab, - sq
Flevator area forward hinge center line, sq ft o« o e .

Span, in. . . e o o o 8 o & & s o e 4 e o o

TO'tal area Sq ft s s o o o: 0' et e e e e e 'C . 8 .8 o." ®
‘a£Stabwllzer area,, 89 fh o o c ol ool el e e e e e e el

Total slevator. area, 8g fL w o o o e oo 0i o o o &0 o W

i+ Elevator. trim tab area, sq £t . ;».....-.

Distance elevator hinge center llne to L.E. of M.A.Cl,
iElevator travel from stabilizer,. deg down . .. . o u et e

‘ Elevator travel from stabillzer deg £ o

Vértlcal tall
cBee table T . . . . L L o wrh ol Lt o s
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TABLE T

DIMENSIONS OF ORIGINAL AND ENLARGED VERTICAL TAILS

TESTED ON P-63A-1 ATRPLANE

Original Enlarged

Totel height along hinge center line, in. 78.87 9k.62
Height above horizontai tail center line, in, 62,00 T7.75
Totel area, sq ft 23.73 26.58
Fin area, sq ft 13.47 15.96
Total rudder arvea, sq £t 10.26 10.62
Rudder area aft hinge center line, sq ft 8.30 8.65
Rudder area forward hinge center line, sq £t 1.96 1.97
Rudder trim tab area, sq ft 0.8k 0.84
Distance rudder hinge center line to L.E,

of M.A.C., in. 248.40 2u8.40
Fin offset from thrust axis, deg. 0 0
Rudder travel, deg +30 +30

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
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TABLE IT

ESTIMATED CONTRIBUTTIONS OF VARIOUS AIRPLANE COMPONENTS

TO DIRECTIONAL STABILITY OF P-63A-1 ATRPLANE

CHB , per degree
Column Comj)onent Original (Enlarged Source
vertical (vertical
tail tail
1 Vertical tail -0.00185 1-0.00266 | Calculated from air-
plane dimensions ard
charts of reference 2
agsunming no sidewash
or interference
effects.

2 Fuselage and wing .00040 00040 | Wright Field wind-

tunnel data

3 Propeller .00060 .00060 | Estimated from

propeller dimensions
and charts of
reference 3

4 Complete airplane -.00085 | -.00166 | Sums of columns 1,
(calculated neglect- 2, and 3
ing sidewash, inter-
ference, etc.)

5 Complete airplane -.00056 -.00130 | Product of 1, esti-
(estimated from mated rudder effec-
flight data at tiveness from refer-
300 mph ) ence 2, and measured

d8,./dg from figure 11.

6 Unaccounted for .00029 | ..00036 | -(Column 4 - Colum5)
(sidevash, inter- ”
ference, etc.)

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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Figure 1. Three-~view drawing of the P-63A-1 airplane.
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FIGURE 2 - ORIGINAL AND ENLARGED VERTICAL
TAIL SURFACES TESTED ON P-63A-1 AIRPLANE
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Ventral area= 7.21 sq. ft

Figure 3.- Dimensional characteristics of dorsal and ventral
fins tested on P-63A~1 airplane.
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Figure 4.- Detail view of dorsal fin tested.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.
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Figure 5.- Detail view of ventral fin showing sharp
edge and cross-section.

KATIONAL ADVISORY COMMITTEE FOR ABAONAUTICS
LABOLEY MEYORSAL ABRONAUTICAL LABORATORY - LANGLBY FIRLD, VA.



Enlarged vertical tail with dorsal and
(c) Enlarged vertical tail. ventral fins,

Figure 6.- Vertical tail configurations tested
on P-63A-1 airplane.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. ¥&.
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(b) Normal rated power (2600 rpm, 43 in. Hga 1050 brake horsepower).



Right

Rudder angle, deg

Left

NACA RM No. L8J07

z o : b
8 - * 200
S L | =
'o o) % B i i k ; ~
4 Fugte | [lq%% 0”*@ 100"
o3 = riT <
0 \%g\\f&; : = i lo
N )
4 e Poal—1100
4| S = — S P 00
i%%\ o
0 e —— = o _
~ N \ENEL ~
% : Sl | ¥
4 ~R e 100 S
N D &) R
4 g * Q‘x oo _
NS i / NRa S
() : Etgthha [XEE:::: \:g\ééx\ () gi’
N Sk .
A\ N ‘QG)
4 \isqn t A¥\Q 100 -Eg
8 | K
4 5 S | ™ o0
X 5 l/&*&
0 As e i 0
el e
4 \\Q\ ‘\‘ \N\ 100
4 h b N s 100
XX \\QQ\

TN TN

N 0

Ny
N N
4 AW 100
) &
8 | l ’ 3
T S ey Bl e N TN A
Leff Sideslip angle,deg  wationaL aovisory Right

COMMITTEE FOR AEROMAUTICS

Figure 1l.- Effect of vertical tail modifications on directional
characteristics in sideslips at 300 miles per hour at 5000 feet
altitude. Normal rated power (2600 rpm, 43 in. Hg =~ 1050 brake
norserower),
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Figure 12.- Effect of altitude on the directional characteristics in
sideslips at 150 miles per hour using normal rated power.
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Figure 13.- Effect of various vertical tail modifications on the
ability to restrict yaw due to ailerons in rudder-fixed rolls
out of turns at 125-130 miles per hour with engine idling.
Ratio -%E is maximum change in sideslip angle per unit airplane

n
normal force coefficient,
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Figure 14.- Effect of vertical tail modifications on the ability to
restrict yaw due to ailerons in abrupt rudder-fixed rolls from
3g pull-outs at various speeds. Propeller blade angle and thrust
coefficient held constant at values determined by using normal
rated power (2600 rpm, 43 in. Hg) at 300 mph. Altitude approx-
imately 5000 feet.
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Figure 15.- Data on directional trim characteristics with enlarged
vertical tail surface showing typical variations of rudder angle
and sideslip angle with airspeed. Clean condition, normal rated
power (2600 rpm, 43 in, Hg) altitude 5000 feet.
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Figure 16.~ Effect of vertical.tail modifications on the variation
of rudder force with speed for constant trim tab setting. Normal
rated power (2600 rpm, 43 in, Hg), 5000 feet altitude.
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Figure 17.- Effect of vertical tail modifications on the rudder
trim changes due to power changes at 5000 feet altitude.,
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