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NATIONAL ADVISORY COMMITTEE FOR ARRONAUTICS,
TECHNICAL NOTE NO. 474

EFFECT OF STABILIZER LOCATION UPON PITCHING
AND TAVING MOMENTS IN SPINS AS SHOWN BY

TESTS WITH THE SPINNING BALAMCE

By M. J. Bamber and G. H. Zimmerman
SUMMARY

Tests were made with the spinning balance in the
T.A.C.A. B5-foot verticsl tunnel to study the sffect of sta-
bilizer location upon the pitching and yawing moments given
by the tall surfaces in splnning attitudes, The model was
a low-wing monoplane with the fin faired into the fuselage.
The program included tests with the horizontal surfaces fn
a conventional location, spproximately one stabilizer-chord

length abead of that location, approximately one stabilizer-

« chord length aft of that location, near the top of ‘the fin
and rudder, and near the bvottom of the fuselage.;

The tests revealed that the horizontal surfaces when
in & normsl locatlion seriously reduced the effectiveness of
the fin and rudder, particularly at angles of attack of 50°
or more; that a more forward or more rYearward location gave
no consistent or decided improvemsnt; that a lower location
greatly increased the shielding so that the yvawing moment
from the combination was in general less than that given by
the bare fuselage; and that a higher location decreased the
shielding and even &ave a favorable interference effect
particularly at the high angles of attack

The stabilizer and elevator gave tne'largsszrzg;ues of
diving moment, in general, when in the low and.in the most
rearward locations. The elevator was most effective in the
forward and the rearward locatiens. The hlgh 1ocation re—

sulted in small diving moments, and when s0 located the ele-

vator was quite ineffective at angles of attack higher than
500, .

The measured values of pitching-moaent coefficients ob- =

tesined with the stabilizer and elevator in the Ilow positions
were in poor agreement with the computed values. The meas-
ured values were nearly twice a8 large as the _computed val-
ues when there was no sideslip at the center of gravity.
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Measured values 6f'yaw1ng-momen~'caﬁfficient obtained
with the fin and rudder unshielded.showed falr agreement
with computed velues.gp - N :

o I : e AR dy PSP - P o ,‘:1#:;?

= T;- ‘2 Iwrﬁdﬁucmion 7m-ﬂr'é-'5? e

cdmferd RLPLETEE bRt owrty Roows o
It is qulte evident to anyone familiar with the motion
of a spinning airplane.that. there gush be interference ef-
fects between the horizontal and vertical tail surfaces. .
Tue existence of such effucts has been confirumed by tests
upon free-flying models (reference 1), by smoke-flow tests
(refersnée 2), and by tunnel tests with the spinning balance
(rsferance 3)., The. magnitnde of these interforence offects,
the relative. efficiency of various: comb:l.ne.t1ons;‘1 and the
effects 8f. differéns svinning comditions upon the relatiyse.
efflClanciee have not been measuret under conditions of mo-~
tion Simulatﬂnp ‘astual spinning conditlons. In view of the
fact tnat the convertional airplane can be brought out of & .
‘gpin euly by use ¢f the controls at the tail, 1t eeems very
desireble that . aucn Feasurements be made. :

An 1nvest1gation of this nahure hge been mggg_pgegible

by the dévelopment of the spinning belange, and the N.A.C.A,

tas preparaed an extensive program of tests on various tail
modificatigns in various spinning ‘attitudesg.. At -the reguest
of the hateriel Division of the Arty Air Corps, the firet
testsm ol thils series, which aré reported in this paper, werse
mado upén g FTail of design convéfitional in all: respects 8X~
cept that. the Tin.was thickened to fair intq the fugelage,
These Seete covere& the effect of gtabilizer.and elevator
lpoation wpsn the vawing and pitching moments given by the
vertical and horizontal surfaces, respectively, in various
gplnninz attiitudes, Rolling momentes and lateral, longitudi-
nal, and normal forces were also measured, bdut they WOore
'1ittlo affected by the changes and will not be discuseed in
tois pandr, Additional tests wiil De carrlod out to study
tha offects of fusclago shape, plan "form of ‘tho surfaces,
tiicknaess of tho ev“faces1 wing inﬁsrforencel otc . ‘a8 rTap-
'idly ay Qircumatances germit, _ B
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. The tests were made on the spinning balance (reference
3) dn.the B- foat . ogeu—fhroat vertlcal tunnel (reference 4) .

—F e v

The model was a Low- wing monoplane which had been de-
sisned tq facilitate testing of & lurge number of tall modi-
ficaticns (fig. 1). It comnsisted of a durelumin center sec-
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tion fitted with a clemp for attachment to the spinning bal-
ance, & removable nose pisce, a 5 by 30 "inch mahogany wing
of Clark ¥ section, and the parthular tail assembly being
tested. R _ _ : —

The fin and rudder were corventional in plan form with
a coubined area of 5.8 percent of the wing area. The area
of the fin was 38 percent of the combined area., The lead-
ing edge of the fin made an angle of 600 with the thrust
line. The fin was thicker than the conventional type and
was falred into the fuselage. (See fig. 2.)

The stabilizer and slevator were rectangular in plan
.form, with & combined aspect ratio of 3.27 and a total area
14 percent of the wing area. The stabilizer area was 60
percent of ‘the combined area. The cut-out for the rudder
was neglected in calculating these areas and the surfaces
were assumed as being continuous through the fusela#g,_ The
airfoll section of the stabilizer and slevator was the
N.A.C.A, 0009, a symmetrical section with a maximum thick-~
ness ? percent of the chord. (See reference 5.) Qhe vari
ous locations are-ghown in figure 1.

TESTS

Tests were made in the 9 spinning attitudes tabulated
below:

Q . - wll

dgg, dgg" Yoo, Rai:us red./sec. ft./sec.
40 § - =230 29! 4.38 27.1 . 65

40 0 -18° 52! 4.36  27.1 A
40 -10 ~59 44! 4.36 27.1 65

50 16 -21° 35! 3.28 28.5 35

50 0 -13° 53! 3.28 38,5 65

50 -10  -50 41! 3.28 28.5 65 .

70 10 <120 15! .97 - 26.5 - 45~

70 .0 -8° .§! .97 26,5 45

70 -10 ~59 24¢ .97 25:5% a5
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£ i im. tHe teble, o..;and .8 represent the angles of-at-
“tack and of- 31deslip, reapectlvery, at the center of grav-
CINFT anzie T, Tl the angle belwesn the projectlon gf the
X axis on a horizontal plane and the radius of spin, being
;npositdve when the model has been rotated clockwise {viewed
fram. & point on the negatlve Zu axis) about & vertical
,qxie frem a pcsifion ‘with the projection of the X axis
coincident with the radius.' It was not possible to get an
angle . of sideslip of 100 &t 'dn angle of "attack of 400 with-
out cutting away tﬁe center secﬁlon an excessive amount.

. he  radius and the.rate,of rotatlon,. 2, for each an-
rxleiof--attack were computed from assumed- values of welght,
resultant serodynamic force, aerodynamlc pitching moment,
aod. moménts. of inertia about the normal and the longitudi-
nalv'axés,.. It was assumeid that sideslip had dut secondary

“.effeclts. wpon those factors, and accord1ng1y the same values

of raflius-and rate of rotation were used for all angles of
51des]ip ab any .one angle cf attack

”ests were made with control surfaces neutral and set
35° with the spin (elovator up, rudder right in right spin
or left in left spin) for each attitude with each of the 5
stabiliger end elevator locations, and with the stabiligzer
and elevator removed., Additional tests were made at each
‘attitude With ‘both horizontal 'and vertical surfaces removed.

- --the-tunnel .alr. speed, w', was reduced from 65 to 45
feet “poer #8econd for the tests at 700 angle of attack, to a-
veid- éXceéssive .rotational Bpeeds. The Reynolds Number was
approXinately 169,000 at 65.feat por second and 117,000 at
45 feat per second on the vasis of the 5-inch wing chord.
Previous tests (reference 3) have indicated that scale ef-
fact is small ,in the range of Reynolde Numbers included

A high degree of precieion was difficult to achieve
in thede testes becsunse the ssrodynamic forces on the tall
gurfaces were only a small part of the total aerodynamic
forces on the model, All points apparently gquestionable
were ¢Hedked.' It is believed that the velues glven are
within +0.02 for  Cp and £0.005 for Opy except for the
values of Acm, Jn which case the error may bea as nmuch

as #0,04. The larger errors probably occur at the lower
value# of angle of attack, in which condition the inter-
ference between the balahce and the model affects the flow
about the tail (reference 3) '
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RESULTS

The yawing moments given by the vertlcai surfaces were
found by subitracting the. values obtalne& wlth the horizontal
and vertical surfaces removed from the values méddured with
the vertlical and. horizontal.surfaces in place. The results
are given in standard, cosfficient form (body axis),_

v, - e
’

© where V, velocity at the center of gravity

o

S, area of" wing : B -'_ e
b, span of wing

The pitching moments given by the horizontal strfaces
were found by subtracting the valiies obtained with fthe hor-

izontal surfaces removed and rudder neuftral from the valunes =

measured with the vertical and horizontal surfaces in place.
The redillts are given in coefficient form (body axis),

T o —

¥ : T : ---; =~
G = e _
" %PVQSb
Values of O, can be converted ‘to ‘the stan&ard form by

multiplicat1on by the ratio. of span to chord (_ = 6),

Values of C are plotted agalnst angle of attack at
the center of gra¥ity for each stabilizer location as well
as with the stabilizer removed, both with controls Reutrsl
and. with controls with the spin (figs, 3 %o 8, inclusive).
The vglues are plotted as for a right spin. A positive val-
ue of O, 1indicates a yawing moment aiding the rotation.

Calculated values of C, are compared with values
measured with the stabiligzer removed (fig. 9). The calcu-
lated values were given by the relation

. T L, ' El)f ;'
CSaeY Op =y 0,088.% (v oz,

where 1, distance from center of graviiy to rudder hinge
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;—Q 058 = ratlo of fin anK rudder area to w1ng erea

v , velocity at the tall _ ) . e
=% E N TR

N TR AT SR Lo —
thJ lift coefflcient ‘ofv an airfoll W1th an aspect
v .ratio of 1.15 having the angle af attack of
-=R§ «**=1ts zero-lif# line equal. to" the angle of
et e --sideslip at ‘the bail (reference 6)

Both 1Vﬁ' and the angle of sideslip at the tail were com-

puted from the coordinates of the twil, the relative wind

at the center of gravity, and the components of rotation

about the respective axes. i
Values of Cp are plotied against angle of attack at

the center of gravity for each stabilizer location wlth tho

controls set with tlie spin (figs. 10, 11, and 12). Vslues

of AC obtained by movement of the control eurfaces from

459 wibh the spln to neutral are given in figures 13, 14, o

and 15, = ° o o P S ST = =
Calenlated values of - C, are compared with values. .

mneasured with the stabillger and elevator locatpd at the N

bottom of the fuselage (fig. 16). The calculated values

were giveén by the relation

. - ll " . . Vt \2
,C.m = 3 X-O'M. x_‘:@*/ X SE‘“’ ] e e e e
e e Tl e e aa TESTYTED R F
whare 1!, dlstance from cehuer of grav1ty to quarter— '
-,Qhord point of stabllizer and elevatg; =
-Oiiéné ratlo of stabilizer and,slevator area to wing
o , area ' . Per . N
and _E%f: the normal fcrce coeffic;ent of an airfcil with
t ‘&n aspect ratio of 3 heving the angle of at-
- .« tack.of i%s gero-~-lift _}ine,egual to the an-
s o e gle o gttapk at the =il (referance o)‘_, e s
No allowance was méhé for downwash or w1ng-interference cf- . ;
ects, L LR T = T ;':;i
) .':"- 1 ..:-;:;. 51'- ’ _'_- “ .—', _3', C h h ' r :_.., 1:‘":::& ;\E
- DISCUSSIOH
Importance of yawing moments in spina. Equations of
balance ind1caue that an airplané can achieve equilibrium A



»

N.A.C.A, Technical Note, K No. 474 . C:J

of forces-when rotating at any angle of attack. ZEguillbrium
of pitching moment can also be obtained if the rotational
speed is not limited., Equilibrium of ré6iling moments (body
axis) can be obtained at angles of attack above the. stall

if the angle of s*desllp is not limited. 1In other’ words,
there is the possibility of spinning equlllbrium at eny of a
large number of values of anglo of’ attack if balance of yaw-
ing moments (body axis) can bte obtained, regardiess of -
whether aetrodynamic diving moments are large or small or
whsther the wing combination will or will not autorotate
with zero ®ideslip. It is therefore very important that the

designer know the yawing-moment characterisiics of a pro=-- -

posed airplane ¥hen _in spinning attitudes in order that he
may guard against loss of 1life and pronerty in uncontrolla-~
ble spins. . . . . R
Yawing noments about the body axis arise mainly from
four sources: (1) the wings, (2) the fuselage, (3) differ-
ence. in moments of inertia about the lateral and longitudi-
nal axes (B and A, respectively) coupled with component®d of
rotation about. those axes, and (4) tha vertical tail sur-
faces. [

- ———— 4

0f these moments, the wing moment is generally in a
sense to aid the spin but is obviously limited in value’ be-
cause it can arise only out of differsnces in Tongitudinal
force on the wing slong its spean. Strip-method calculations
and wind-tunnel measurements (reference 7)_;pdicate a pos-

sible maximum value of 0.03 for the wing yawing- moment co~
efficient alding the spin.

cae— = w - - -~ -
. R o — L

- The fusélagse moment is small and generally in a seunse
to opposs the spin. The 1nertia moment is- also generally
small ahd in a sense to obpose the Totation (B larger than

A, and sideslip at the center of gravity inward, zero, or
less than the helix angle oufward) These factors cannot

be neglected and may become of primary impoffénce_fh some
designs, but need no further dilscixdssion here

The moment given by the tail must be of the proper'
sign and magnitude to establish équfllbrlum if a sfteady
spinning state is to be attained. It is obvious that such
a condition can be prevented By so designinZ fthe EaII that
it will give a yawing monent quosing the spin large enough
to prevent eguilibrium.

Too yawing moments given by tue vertical surfaces de-
pend upon the fin and rudder area and plan formt the dis-



'tance ‘from the ¢ g.'to the $ail, the rudder setting, the
rotational speed the -gh'gle of "attack and the sideslip at
the center of: gravity, and the interference effects of the
'fuselage and the horizontal eurfaces. “For thege tests the

) verticai surface area ana-plan ?orm 'and thé dietance from
the ¢.g. to the tail ware chosen to .be as nearly as possdible
'repre;éntatlve of conventiongl practice. The effectiveness
of gach 'of the various tall comblnations ‘as sources of yaw-
ing moments in the various cdnditions of sideslip and angle
of atfack, both with controls with the 'spin and with con-
trols neutral, ig shown in figureeJG to 8, 1ncluetVe,

hwéag of sjggillzg lggatlgn pgg an1ng mgggn Qggf-
-ficmeng = Inspdetion of the wcherts  -of yawinoc-moment coeffi-
cient with controls deflected (figs. 3, 4, and 5) revesls
that the yawing moment oppesing the sPin increases with out-
ward ‘negative) sideslip at the center .of gravity; that, in
“general, it increasses with ineregase. in ‘angle . of. .attack; that
- -naoge -0f the gtabilizer locatlions is def1nitelx euperiorhto
all the:rest in all attitudes; and that . there-1s .8 general
.tenderey toward convergedce of the curvee at the angle of at-
tack Just mbove 400, The low stab1lizer location reeulted
in moments very conducive to syinning, particularly at the
rigzh angles of attack, - Tnere is little to choose between
the .others, although the wormal location is least -fayorable
to the s»¥n at angles of attack of the order of 50° when the
s1deelip at the center of gravity is inward

l*th controls neqtral there is again evident a generel
increase of yawing moment opposing the spin with change from
invard to outward sideslip and with increase in angle of at-

-tack. The ‘low .stabilizer location was least effectlive in
noest attitudes, partiﬂularly so at thé higher. anglea cf .at-
tack. The- normal location was as effective a8 were the un-

‘shielded surfaces .with inward 31deslip, but 1t becemg less
effective as the sideslip became negative.' The forwagrd sta-
biliser location gave about the same results as the normal
location at all anglegmq{_ettack with ingard giﬁe_;ip and at
tho higher angles of attack with zero sideslip. 'It gave a
vary emall moment with zero sideslip at 40° angle of attaclk,
but was better than tho. normal location at all angles of at~
tack with outward 31dcel;p.; The aft 1ocation :was definitely
inferior to the normal. stab’llzer location When the Bldesllp
was inward . af all anglee of attack aaqd. . whan the sideslip
was zero at 500 angle of attack. It was definitely'superior
to the normal locatlon with outward sideslip at all angles
of..attack and of .about.the gamg.effegtlivenssgg at 40° and
7Q09 angles of- attack w1th zero sideelip.m The. hlgp locgtion

. P . .. P o . e
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was greatly superior to all the. others, elthough it gave_but
a small moment at 40° angle of attack with inward sidaslip.

Comparison of computed values of &, with measured
values.- In figure 9 is shown a comparison of values of Oy,
computed as outlined undcr "Results” with values obtained
from the tunnel measurements without the horizontal surfaces
in place and with a zero rudder setting. The ggreemént is
reasonably good. The megsured yawing moments increased .
some~vhat more rapidly with sideslip at the tail than did the
computed wvalues. S

Importance of pitching moments in spigs.- A study made
by the suthors over a period of serveral years indicates
that the following general statements can be made with re-
gard to the function of the pitching moment in steady spins.
Largc acrodynamic diving moments, tend %o prevent spinning
squilibrium "and to insure recovery, if the vertical surfaces
arc effectively disposed. This statement is8s not necessarily
trus if the characteristics of .the wing cellule are such
that the- -amount of sidesllip regquired for rolling-momen®t e-
quilibrium changes from g large value outward to a large _
value inward as the rate of rotation and the angle of attack
increase. Such a condition may possibly be encountsred with
an unstaggered biplane but 18 very unlikely to dccur in ofn-
er cases. : :

If the vertical surfaces are ineffective, 1t i1s desir-
able that the diving moment be small with elevator up and
that it De possible suddenly to increase greatly the diving
moment in order to effect recovery. Large diving moments
withh the elevator up will resuldt in fast, flat spins from
woich PecoVery is doubtful if the vertical surfaces are in-
eficctive. ' o T

Effoct of stgbilizer lgcation wmpon niftching-moment co-
efficient,- The sffect of_stabilizer locatiop unon pitching
moments is shown in figures 10 to 15, inclwnsive. The rear-
ward snd the low locations gave, in general, the largest
diving nmoments. The forward location gave small diving mo-
ments. “Yhen in the high location the gstabilizer and eleva-~
tor gave smgll divinz moments at the low ansles of attack
with gero and outward sideslip.

The forward and the rear locations gave the .greatest
elevator effectivenese under most conditions. The change
in O0,, wonen the coatrols wgere neutralized with the stabi-
lizer in the high positionasuch as to decrease the diving )<
moment at angles of attack of 500 and above.
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Oomnar1ebn of computed valings of - Cy -with measured

'values.- “In Tlgure 16 is shown a compa&i%ﬁnfof-Values of -~
Cm computed as outlined under "Results" with values ob-
tained.-from tunnel measureméntg with the horlzontal sur-
faces néar the bottom of the fuselage. The agreement be-
tween. the calculated -values and the measured vaglues is pnot
very good except with outward sldeslip at 409 angle of at-
tack snd. with inward sideslip above 50°.angle of attack,
The poofr. agreement is probably due to wing-interference and
fuselaze-interference-effects upon the air flow. at the falil,
Insufficient experimentsal evidence is at hand to prove or.
disprove such a supposition.

C et - . P mr A e b T T Y R — --

rCONQLUSIONS
) | PO < - . - . .‘.-. .\‘ o ‘r: ) - T - : e
R L. Shifting the horizontal tail surfaces from the
:bottom of the fuselaze to the top, of the fin increases the
yawing-moment. coefficient (body axis) opposing the spin
from a small value to a value greater than that given by
the fuselagze and- the vertlcal eurfaces with the horlzontal

surfaces removed.

<
-

E e T

- - . T L ot T e T - y
2. The yawing-moment coefficient.given in spinning
attitudes by a fin and rudder with horizontal surfaces re-
moved can be computed with reasonable accurecy for taile
with. the fin falred into the fuse]age.-
Z.  The 1o¢qt10n of the stabilzzer and elévator has a .
markod. effoect upon the pitchinp moment produced by the tail, .

) 4.' There is apparently an unexplalnedhfactof entaring
into the flow about the tail which makes questionable the
comdputations of the pitching moment produced by the taill,

Langley Memorial Aeronautlcal Laboratory,
National Advisory Committee for Aerpnautics,
- Langlev Field, Va., Sexn tember 30,.1933,
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Figure 1.~ Low-wing monoplane model
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Figire 2.- Sections through fin and fuselage.



Yawing-moment coeificient, Cp

F
-
r

-~

.03 e i e e N .03 :
% . v Removed
7 — BEn o Normal ==
osl 4 ) i eyl , Stabilizer | + Forward
02T B N < 0 location \ o Aft
y / A\ . . . a High
! ’ // |\\\":.. AN o LX Low
01— R > « .01
v ANEAN BN 57 e N e e N
O”! 7 - K \“V“ ‘;3 ) e e S Py N - q
M'/Z \ ALAN 8 *I ﬁ\\s 1 h;#“*:-—--\g
. o~ h X ' ™~ T
v Removed [X \\\‘ 3 R ~
~-.01 o. Normal Ty w-.01 I Gy
[% Stabilizer | + Forward \\\ g N b
location o Aft R ol AN
-.02 A High £-.02 '
. =
\X Low z LTL
. b ] s
~-.03 Points at 40° obtained by ex- ~.03
trapolation of cross-plot a- | ;
gainst angle of sideslip ;
~. 04f— . -.04
40 50 60 70 40 50 60 70
Angle of attack at center of gravity, degrees Angle of attack at center of gravity, degrees
) |
I:: !
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fin and rudder. Sideslip at c.g. -10°
(outward). Cp (controls 35° with the spin),-Cp
(tail surfaces removed).
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Figure 9.— Yawing-moment coefficients due to fin and rudder

with stabilizer removed. Comparison of calculated

and measured values.



Pitching-moment coefficient, Cp
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c.g. 0°. Cy (controls 35° with the spin),-Cy (stabi- -10°(outward). Cpy (controls 35° with the spin),~Cpy

lizer & elevator removed, rudder neutral). (stabilizer & elevator removed, rudder neutral).
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Change in pitching-moment coefficient, AC,,
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