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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 775

ANWALYSIS OF WIND-TUNNEL DATA ON
DIRECTIONAL STABILITY AND CONTROL

By H. R, Pass
SUMMARY

Available wind-tunnel data on static directional sta-
bility and control have been collected and studied. Meth-
ods based on these studies are given for evaluating the
aerodynamic characteristics of vertical tail surfaces and

_their contribution to static directional stability and

control. Special attention has been paid to the end-plate
effect of the horizontal tail on the vertical tail and to
the sidewash induced by the fuselage and the trailing vor-
tex system from the wing. Methods based on limited data
for fuselages and hulls, wings, and fuselage-wing combina-
tions are also given for estimating the contribution of
the wing and the fuselage to directional stability.

This paper does not attempt to establish criterions

for directional stability and control; rather, the empha-

sis 1s placed on providing some basis for design to spec-
ified criteriong.. An example applying the design methods
has been included. : '

INTRODUCTION

Ag a part of a general investigation directed toward
developing a rational system of tail design, a study has
been made of available wind~tunnel data on directional
stability and control. The main emphasis has been placed
on a study of the aerodynamic characteristics of the ver-
tical tail surfaces and their contribution to the static
stability and control characteristics of airplanes. Data
on the characteristics of yawed fuselages, hullg, wings,
wing-fuselage combinations, and wing-hull combinations
have also been collected. The purpose of this gtudy has
been not to establish the stability and control criterions
for satisfactory flight handling characteristics but rath-
er to provide methods for desizn to specified criterions.
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Rudder—~effectiveness data were available for 4 air-
planes and 28 models, including two 35-foot~span models
of multiengine airplanes, The contribution of the verti-
cal tail to stability, that is, yawing noments for both
tail-attached and tail~rcmoved conditions, was available
for cight of thesc models. Yawing-momcnt dato for fuse-
lages and hulls were available for 17 models., For 4 of
the 17 models, yaw tests had also been made of the wing
alone and of the wing-fuselage combination.

The study of the forces on the vertical tail is an
extcnslon of the work of references 1 and 2, which concern
the horizontal tail, and considerable use has been made
of the methods that they present. Analyses were thus di-
rcected toward the determination of the characteristics of
the isolated toil surface and the offective velocity and
the direction of the air flow at the tail. Analyses of
the yawing moments of the wing-fuselage combinations were,
in general, much less satisfactory, owing to the inadequacy
of methods for evaluating cither the contribution of the
fusclage and the wing or of the large wing-fuselage inter-
ference effects.

AIRPLAFES AN¥D MODELS

Two-view drawings of the 4 ailrplanes and the 28
nodels are given in figure 1. Many diverse types are rep-
resented, most of them of recent design. The geometric
characteristics are listed in table I.

Models 1 and 2 and airplanes 3 to 6 were tested in
the NACA full=-scale wind tunnel; models 7 to 10, in the
HACA 20~foot wind tunnel; models 11 %o 16, in the NACA 7w-
by 1O0-foot wind tunnel; and models 16 to 32, in the Wright
Field 5~foot wind tunncl. . ' :

AIRFOIL THEORY APPLIED.TO THE VERTICAL TAIL

Considerable uncertainty attends the application of
the usual airfoil theory to the design of vertical tails,
owing to their low aspect ratio, the necessarily ardbitrary
methods of defining the area, and the large aerodynamic
effects of the fusclage and the horizontal tail. Further-
more, the air flow in the region of the vertical tail may
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be very irregular, partibularly when the airplane 1is

" vawed, because of the low velocities in the wakes of the
wing and the fuselagse and "the vorticity in the air flow
due to the trailing-vortex system. These factors are sep-
arately discussed with the purpose of developing consist-
ent methods of taking them into consideration.

A

e i
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a/ 4,

ac,'/as,

Ly

" Symbols
aspect ratio
span
fuselage length

distance from center of gravity of model to the
rudder hinge line.

arca
fuselage-wing interference factor
velocity

ocffective dynamic pressure at tail

ratio of effective dynamic pressure at tail to
free-stream dynamic pressure

density
rudder effectiveness

asy dat/

relative rudder effectiveness

mean chord
normal-force coefficient

vyawing-moment coefficient (wind axes)

Fective —
thrust coofficient |Siiecbive thru t)

p VRD=2
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D propcller diamcter
»
o angle of attack, degrecs
W angle of yaw, dcgrecs (wind axes)
o local sidewash aungle mcasurcd from the wind axis,
negative when 1t iuncrcases the angle of attack
of the yawecd vertical tall, degreces
8 deflection of movable surface, degrecs
/W4 N
Cp,  hinge-moment cocfficient (‘hlnge moment )
4SSy Ty /
Te cross~wind force of fuselage
(2t )
CYf‘ cross-wind forco cocfficient of fuselage | —*~——7;7—>
) N q vol®/3
wd
w, v cocfficients of OCny and 68, 1in the hinge-
"momeant equation
Subscripts?
t vertical tail
r rudder, excluding balance
b balance
f fuseclage
w wing
A airplane
av average
Definitions of Geometric Characteristics @
The usual vertical toil surfaces fall into five
faoilrly well-defineod groups. An cxample of cach is shown «

in figure 2, which also definces the span. Type I, corrc—
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sponding to the twin-taill construction, is most nearly a
normal airfoil and its span and area are defined in the
usual manner. Type II is attached to a fuselage that
tapers to 2 point at the rear. The span and the area are
both measured to the horigzontal tail, which assumes the
rart of an cnd plate. ‘Types III and V are found on fu-
selages that taper, not to a point, but to a vertical
knife edge at the rear. The span is mcasured to the hori-
zontal tail, and the arca is taken as the sum of the fin
arca, measured to the horizontal tail, and the total mov=
able area. For type IV with the horizontal tail mounted
on tho vertical tail, the span is measurcd to the upper
surfacec or to the extended upper surface of the fuselage
and the arca ig the sum of the fin area, measurcd to the
upper surfacc of the fuselage, and the total movable arca.
These definitions may appear rather arbitrary and ore
perhaps no better than others that could be chosen; yet
the results obtained with them were gencrally consistent.

Aerodynamic Charnctcristics of the Isolated Verticol Teoil

Normol-force charancteristics.~ The slopc of the nor-
mel~force curve, dCNJ/dat; is primarily o function of as=-
G

pect ratio. It must bc noted, however, that the horizon-
tal tall acts as an end plate for the vertical tail, which
causes the effective aspect ratio of the vertical toil to
excced its gecometric valuc. A theoretical analysis made
by members of the full-scale~tunncl stoaff has shown that
for the usual ratios of vertical-tail span to horizontal-
tail spon, the increase in aspect ratio will be about 55
percent. Tests of model 7 with two different horizontal
tails indicated that the span rotio is not a critical fac-
tor. In the obscence of the horizontal tail, the fusclage
itsclf probably exerts a considerable cnd-plate effect.
Such an cffect 1s not readily caléulable although somec of
the tests indicated it to be quite large.

The variation of dCHt/dat with aspect ratio is

shown in the curve of figurec 3, which summorizes the re-
sults of reference 3 for naspect ratios smaller than 3 and
thosc of rcference 1 for aspect ratios larger than 3. The
curve represents only an average of ocxperimental results
and, under certain conditions, may be somewhat inaccuratec.
For cxample, the value of dCNt/d@t may be incrcascd &

to 10 percent by a scaled gap between the fin and the
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rudder (reference 4) or may be lowered an equal amount
or more by a bad gap or by an irregular plan form.

The value of the relative rudder effectiveness T
ag a function of the relative rudder and balance areas
is plotted in figure 4, which reproduces the curves of
figure 19 of refercnce 2., EHere again certain deviations
from the curves may be expected under various conditions,
for the rudder cffectivencss will also depend on the
spanwisc distribution of the rudder arca and on the na-
turc of the gap between the fin and the rudder (reforence
4), Scaling the gap may increasc T by as much as 15
percent.

Hinge-momont characteristics.~ The hinge-moment coef-
ficicnt of a rudder may be expressed (reference 5) as a
function of the normal-force coefficicnt of the tail and
angle of rudder deflection

u Cmt + V8, (1)

C =

uh11
The paramcitcers uw and v may be coaveniently defined
from the cquation in the following forms:

30y, _ 8ty /ady,

ws= | = (2)
4
dCNt 8y dayg dog

achr dChr dcﬁt dChr dCHt (a3
vo=| = -u = - uT —=—
dbyp Cy déyp A8y ddy dog
\),b

Hingoc~moment dato on isoclated tail surfaces without
balance and with offset-hinge balance were available in
references 2, 4, and 6. From these data wvalues of u
and v, at small angles of attack and rudder deflections,
were determinced. The results are summarizced in figures
5 and 6 wherein wu and v /are gilven as functions of
Sr/st and Sb/5r° '

The hinge moments, for a given increasc in normal
force, may be apprcciably less than indicated Dby these
curves if the gop between the fin and the rudder is
sealed, but may bec somcwhat greater if the rudder nosc is
very blunt. '
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Dynamic pressure ot tho tail.- The lower part of the
single vertical tail is gencrally in a rogion of diminished
dynamic prossurc causcd by the fuselage boundery layer and
perhaps also by the wake from the wing-fusclage Jjuncturcs.
Pronounced downwash, such as will exist when partial-span
flaps are docflected may, however, lower this wake and
change the average dynomic pressure over the tail.

Some surveys of the air flow slightly ahead of the
vertical tail of airplane 4 are shown in figure 7. The
boundary layer is seen to have a considerable thickness
and doubtless 1is even thicker farther back where. it passes
around the base of the vertical tail. The average dynamic
pressure, as determined from such surveys, is generally
slightly higher than the effective dynamic pressurc acting
on the tail because of the influence of the adjacent un-
disturbed air stream. (Sec reference 2.) On the basis
of these surveys and the results of refercnce 2, the ef-
fective dynamic pressurc at a single vertical taill is
estimated to be, on the average, for propoller-removed
conditions, about 0.90 gy. This factor may be low for a
flap-down condition or for some typces of flying boats hav-
ing hulls that curve upward toward the rcare. At angles
of attack approaching the stall, the factor may decrease
owing to the effect of the thickened fuselage and the wing
wake (refereunce 7). : :

Twin talils are somewhat more favorably located than
single tails as the wing and the nacelle wakes appear to
be less detrimental to the dynamic pressure at the tail
than the fuselage boundary layer. A value of q/qo = 1.00
was used in calculating the rudder effectiveness for the
models with twin tails (models 3, 8, 9, 12, and 13) and
gave good agrcement with the experimental values. This
factor should probably be reduced if the tails are located
directly in the wake of large nacclles.

At hizh thrust cocefficients, as in take—~off or climb,
the slipstream will appreciably increasc the average dy-
namic pressurc at the vertical tail. (Cf. fig. 7.) In
this regord, the results of reference 2 indicate that the
corresponding incrcasc in rudder effcectiveness an'/dST
may be only half ag much as would correspond to the in-
crcase in average dynamic pressurc.

Dircction of air flow at the tail.- The air velocity
in the region of the vertical tail of a yawed airplanc will,
in goneral, posscss a sideward componcnt. Accordingly, the
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cffective angle of attack of the vertical tail will not
be cqual to the angle of yaw, Y, but will beo (Wt - o),
where o 1s the sidewash angle. The sidcowash angle,
which may be guite large, is associated with the trailing
vortex system behind yawed wings and wing-fuselage combi-
nations. 4An analysis of somec rccent tests at the NACA

7- by 10=foot wind tunncl (refercnces8 and 9) indicatcs
that the sidewash angle probably consists of soveral com-
poncnts, the tontative theory for which is given in the
following paragraphs. The order of presentation corrc=—
sponds to the order of importance (as indicated by calcu-
lations).

A yawed fuselage (or airship) expericnces a cross-
wind force, associated with which there is a vortex sys-
tem similar %o that of an airfoil (refercnce 10)., A fusc=
lage with a low wing is comparable, in this reospect, with
an airfoil with an end plate, and the trailing vortex sys-
tem for positive anglc of yaw (nosc right) will be such
thati '

1. The fuselage wakc and the air beside it flow to
the left (destabilizing sidewash, comparable
with the usual destabilizing downwash).

2., The air above the fusclage wake flows to the right
(stabilizing sidewash).

3¢. The air below the in
fusclage wakes ha

te
S

ection of the wing and
actically no sidewash,

The verticel tail surface will thus, for a low-wing air-
ploane, be mainly in the region of stabilizing sidewash.
For o high~-wing airplanc, however, the vertical tail will
be partly in the region of destabilizing sidewash and
partly in the region of no sidewash.

The vortices shed behind a lifting wing rotatc in
such a direction that the air moves inboard above the wake
{or the trailing vortex shect) and outboard below it. If
the trailing vortex shcet is assumed to be unaltered by
yowing the airplane, the vertical tail of a yawed airplanc
will be in an invard moving stream if it is above the wake
and in an outward moving stream if it is below the wakce
The effcect should incrcase with 1ift coeofficicnt and do-
crease with aspect ratio, and it should be especially pro-
nounced for wings with partial-span flaps deflected.
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“For a wing with dihkedral a change in 1ift at the
center occurs when the wing is yawed. The vortex shed
from this point rotates in such a direction as to in-
ducec outflow above the wing wake and inflow below the
wing wake. Calculotions indicate that this effect will
be relatively small,

From the foregoing discussion it will be clear thot,
as regards the dircction of the air flow at the tail, a
low=wing dcsign is much more favorable than o high-wing
design.

Moment cguationse~ In conformity with the prececding
discussion and analysis of the forces on the vertical tail
surface, the cgquations for the contribution of the tall to

dircctioanal stability and rudder cffcetivencss are written
as follows?

< =_ﬂt_§__l_<1.._‘}9—._i (4)
ayr! dog Sy by CAURY
alyt dCh Sy 1 De
B L N . X (5)
d.GI. d(‘(,t SW bW q-O

As satisfactory first approximations, the forces have
been assumed to act at the rudder hinge line ané the yaw-

ing moment about the aerodynamic center of the vertical
tail has been neglected. '

RUDDER EFFECTIVENESS

Curves of yawing-moment coefficient against rudder
angle for high-speed angles of attack are plotted in fig-
ure 8, which is divided into four parts for clarity. It
may be noted that, although nmost of tne tail surfaces do
not stall in the range of rudder angles below 200, the
straight parts of the curves scldom extend much beyond
rudder angles of 159, The slope through the origin, des-
ignated the rudder effectiveness. ¢0,'/d8,, has beecn

tabul ted in the last column of table II.

Comparison of cxperimenial with calculated values of

an‘/@ara- In order to cstimate the accuracy of the theory
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and the methods previously outlined, values of dC,'/ds,

werce calculated for cach case by cquation (5) and compared
with the experimental values. The aerodynamic factors
used in the coalculations arc listed in table II and are
here briefly reviecwecd.

The effective aspect ratio was found for the single
tails of all types except IV (see fig. 2), by multiplying
the actual aspect ratio by 1.55., For counventional twin
tailes, the effecctive aspect ratio was taken to be the sane
as the actual aspect ratio. The values of dCNt/d@t were

found from figure 3 by use of the effective aspect ratios.
The values of T were found from figurc 4. Valucs of the
cffective dynamic pressure ratio at the tail q/qO were
assumcd to be 0,90 for the single talls and 1.00 for the
twin tails,

The last two columns of table II permit a direct com=
parigson between the calculated and the experimental rudder
cffecctiveness. The samc comparison is made graphically in
figure 9, in which the epxerimental valucs arc plotted
against the calculated ones, the so0lid line represcanting
exact agrecement. The agrecment between the cxperimental
and the calculated results is, on the average, as satis-
factory for the models ag for the alrplanci scale effoct
is apparently negligible.

Discussion and supplementary data.~ The effectivencss
of the horizontal tail as an eond plate is obviously lost
or diminished when 1t is located above the fusclago~vertie
cal toil juncturc (type IV of fig. 2). OCalculations wore
omitted from table II for the four models of this type;
instcad, the procsdurc was reverscd, and the increase in
cffective aspecet ratio was calculated from the experimental
rudder cffectiveness. The results are shown in the follow-
ing table: v

Modol 6 10 | 23 | =26
Wing position
1 4
Derived factor for cor-
recting aspect ratio 0.71 0.60 |1.12}|1.56 | 1.44

)

The inercase is small when the horizontal tail is ncar the
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middle of the vertical tail (models 6 and 10) and large
when the horigzontal ta2il is near the bottom (models 23
and 26).

Airplanes 4 and 6 were tested both with and without
the horizontal tail (table III). For model 4, removal of
the horizontal tail reduced the rudder effectiveness. The
reduction was relatively small, however, as if the fusc-
lage either to a large extent replaced the horizontal tail
as an end plate or else served to add some area to the
vertical tail. TFor airplane 6, removal of the horizoantal
tail incrcased the rudder effectiveness. The horizontal
tail in this case did not serve as an end plate and con=
tributed only uanfevorable interference.

Some surveys of the air flow in the region of the
verticol tail were available (refcorence 2) for airplane 6
(fig. 10). TFor the parasol-wing condition {(wing position
4, fig. 10(b)), the boundary layer across the root of the
tail was much thicker than for the gull-wing condition
(wing position 1, fig. 10(a)). Correspondingly, the rud-
der effectiveness was 11 percent lower for wing position
4 than for wing position 1 (table IV). The &ifference is
possibly associated with the rotation of the vortices shed
from the wing roots because, when a diverging motion is
induced in the boundary layer (fig. 10(b)), it may be cx-
pected to thicken much more rapidly than when a coanverg-
ing motion is induced {fig. 10(a)).

The coffect of propeller operation on rudder effec-
tiveness is shown in table IV for airplane 6 with the
four wing positions. For the high thrust coefficicnts
shown, the rudder cffectivencss was approximately doubled
at low angles of attack and incrcased still further with
increasing angles of attack.

The effect of angle of attack on rudder effectivencss
is shown in figure 11 for nearly all thc models and air-
plancs. In a few cases, the cffectiveness continuously
deocreasced with increasing angle of attack; for most cases,
however, it remained nearly constant up to the angle of
stall. v

The variation of rudder offectiveness with yaw is
shown in figure 12. For single tails, the rudder effec—
tivenecss increascs with yaw, probably becausc the fuse-
lage boundary laycr at the base of the tail decreases in
thickness. Ho correcsponding variation is observed for
twin tails.
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The volues of rudder effectiveness for flaps up and
flaps down arc compared in table V. Flap deflecction is
scen to have negligible effect cxcept where flap deflec-
tion induced stalling.

The given definitions of span, fin arca, and rudder
area scem especlially arbitrary whon applied to vertical
tails of type III, and their usc in the calculation of
an’/dBr for tails of this type would correspondingly ap=-
pear to have little theoretical basis. The procedure may,
however, be considered as Jjustified by the agreccment be-
tween the calculated and the experimental results. Defin-~
iag the rudder area so that it includes only the part above
the horizontal tail led to definitely less satisfactory
agrecment, as is shown by the comparison in table VI,

The results in table VII show that propcller opcra=-
tion affects the rudder cffecectiveness only when the ver-
tical tall is situated in the slipstrcam. The slipstrcanm
inereoses the rudder effectivencss becausc of the inercased
velocity of the alir flow over the vertical taill and also
becaunse of the reduced thickness of the fuscloge boundary
layer. (Cf. fig. 7.)

VERTICAL-TAIL EFFECTIVENESS

Date from which the contribution of the vertical tail
to stability could be dircetly evaluatcd wers available
for oualy eight models. The valuzs of an'/dW’ for these
nodels with the vertical tail both attached and removed
are listed in table VIII., The model from rcfercnce 9
(fig. 13), which had no horizontal tail, had been tcsted
with threec wing positions, two dihedral angles, and with
60=percent=span split flaps both up and down.

Curves of yawing-moment cocfficient against angle of
yaw for 23 airplancs and models arc shown in figure 14.
Most of the curves arc straight up to relatively large an-
gles of yows The value of the slope d0,'/dv! at V' =
0¢ is token as the criterion for dircctional stability.

The variation of stability with angle of attack is
shown in figurec 15, oand the effeet of flap deflection on
the dircctional stability of complete airplancs is shown
in tadble IX,
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From thic geometric characteristics of the vertical
tail surfaces of table I, their corresponding values of
dGNt/dat werec computed. The corresponding contribution,
given by equation (4), of the vertical tail to dCp'/dvsl,
q/qo being assumed cgqual to 0.90 for single tails and
1.00 for twin tails and sidewoash being assumed absent, is
shown in table VIII in the next to the last column. An
increase in aspect ratio of 55 percent was assumcd in
these coalculations for all single vertical tall surfaces
except thot of reference 9 which was tested without a
horizontal tail and for which an increase in aspect ratio
of only 45 percent was assumed.

The ratc of change of sidewash angle with angle of
yew, shown in %the last column of table VIII, was calcu-
lated from the difference between the experimental and
the calculated values of vertical-tail effectiveness. In
the results of the tests reported in reference 9, which
Iwolved a systematic varietion of wing height, flap deflec-
tion, and dihedral angle, a good correspondence with the
previous discussion exists in the following particulars?

(a) Raising the wing increases the average da0/av!?,
decreasing stability.

(b) Deflecting the flap, which strengthens the trail-
ing vortex sheet, not only decreases (alge-
braically) 4c/daVt but also increases its
variation with wing height.

(¢) Dihedral increases do/ay?t.

Further evidence concerning the flap effect is found
in table IX, in which it is shown that flap dcflection
generally causes a gsignificant increase in stability. Part
of the flap effect, however, probably exists at the wing
itself; in the tests rcported in refercnce 8, in which the
vaw characteristics of wings alone werc mocasured, 1t was
found that deflecting the flaps increascd the dircctional
stability of the wings themsclves by valuces betwecn
-0,0001 and «0.0003,

Figure 15 shows thot, in general, only slight vario-
tion In stability occurs with angle of attack. The small
observed variations arc, in most of the cxamples, in swuch
& dircction as to support the sidewash theory previously
given., The large variations are probably due to various
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interferences poculiar tc cach design. Thus, the stabil-
ity of the low-wing oairplenes incrcoascs with angle of at-
tack and tho ¢tability of high=-wing airplancs or flying
boats decrcascs.

STABILITY OF WING-FUSELAGE COMBINATIOHN

Stobility of fuscloages and hulls.- Data on the direce-
tional stability of fusclages and hulls were obtained from
results of tests made in the TACA 7~ by 10~foot wind tunnel,
at the Washington Navy Yard, and at the Russian Central
Acro=Hydrodynamical Institute (refercncc 1ll).

The stability criterion is choscn as anf'/dW',
where Cnf’ = Net/q (vol), in which Ng! is the yowing
moment about the mfercnce axis, chosen at 0,3L from the
nose, Experimental valuecs of daCpe'/dYy' for & flying-

boat hulls and 12 streamlinc fusclages arc listed in table
X together with date on the geometric characteristics of
the fuseclages and hulls, The flying boat hulls appear to
be less unstable than the fuselages.

Theoretical values of anf'/dW', as calculated by

the methods of reference 12, arc 2lso listed in table X

for the six fusclages of circular and clliptical cross
sections They agrec closcly with cxperimental values for
three of the fuseclages but excecd the experimental valucs
by about 50 percent for the other threce. It will be noted
that the comparison is not strictly valid, irasmuch as the
cxperimental values, owing to the cxistcence of o resultant
cross=wind forcoc, dcepend on the position of the rcfercuce
axis. Horrington (roferecnce 10) indicates that this force
is confincd to the recar leeoward surfacc of the yawed body
and is duc to the breakdown of the boundary layer in work-
ing agoinst an adversc pressurc gradicnt. The recovery of
pressure on the rear lecward side of the fusclage does not
occur after flow break-down (reference 12), which produces
a resultant side force., The magnitude of the yawing moment
is therefore dopendent not only on the shape parameters of
the fusclage that affect the pressure distribution but also
on all the other variables that may affect the boundoary-
layer flow, Theo yawing moment thercfore becomes z function
of Reynolds number, roughness, interfercnce, and other ro-
lated factors,
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Fuselage-wing interference.- In general, the sum of
the yawing moments of the wing and the fuselage, testcd
separately, does not equal the yawing moment of the wing-
fuselage combination. Data illustrating this difference
are given in table XI. Valucs of the interference factor,
‘defincd as

are listed in the last column of the table., The coeffi=-
cients are based on wing dimensions.

For the two flying boats, the fuselage~wing inter-
ference increases the instability. For the fuselages,
particularly for that of reference 9, the interferencc is
favorable, reducing the instability of the combination.
The cffect is greatcr for the low-wing than for the high-
wing combination, ths difference being most pronouncoed for
the flap-down condition., .In the most favorable case (low
wing, flaps down, zoro dihedral) the interfcrence was suf-
ficient to make the wing-fuselage combination stable.

The presence of the wing probably incrcascs the in-
tensity of the boundary-laycr break-down at the recar lec-
ward side of the fuselage, thereby reducing the instabll-
ity of the fuselage. Flap deflection magnifies thilis ef-
fect. For flaps up, the experiments indicate that dihedral
has no great effect; however, the instability of the fuse-
lage is slightly iuncreased.

APPLICATICN TO DESIGN

The foregoing data and methods may be applied to the
design of vertical %ail surfacecs to obtain desired degrees
of static direcctional stability and control. Although the
methods are believed essentially sound, thce inadequacy of
the data somewhat limits their use. '

Dircctional stabilityv.- The directional stability of
a proposed design may be conveniently considered in two
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parts: that of thoe wing~fusclage combination, and that of
the vertical tail:

,dCp ! ACp ! rdCy'!
kd\l}‘ > ::(_d‘l" > +K ay? > (6)

The fusolage and the wing arc usually designoed without
refercncce to dircctional stability, which accordingly de-
pends on the design of the vertical tail.

Contribution of wing and fuselage to stability.- The
contribution of the wing and tho fuselage may be taken as
the value for the most nearly similar wing-fusclage combi-
nation of table XI. A somewhat more accuratc proccdursc is
to approxinate soparately the terms of the cxpression:

/4Gy, ac, !
[\d‘\:f_f“)f ¥ <Z{TL/%~>W ] T

du )
The value of i 8 may be taken as that for the most

aytr )/
nearly similar fuselage of tabvle X multiplied by the ratio
of the volume divided by the wing area times the wing svan,

The value of ~~7—/ ray be taken as -0.0001 for all un-

flapped wings, regardless of dihedral, taper ratio, aspect

ratio, or sweepback. The interference factor F; may Dde

taken to be 1.3 for flying-boat hulls or 0.6 for fuselages. .

Rudder-fixed stability.- For a desired rudder-fixed
stability, the tail may be designed according to equation
(4), here rewritten:

ey, 40, > wSw

S, el
k lagﬂ
a v

d.C(:.b kd\{/‘

in which

1
EE§~> is the difference between the degired
% stability of the airplane and the
stability of the wing-fuselage com=-
bination.
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Sys ¥y by are cha ractcrlstlcs of the alrplane

q/qo is 0,90 for single tails and 1,00 for
» twin tails. ;

ff% is assumed equal to the value for the
v most nearly sinmilar case in table
VIII '
dGNt

Prom the valve of 8 —
d.(I,-vG

shape of the vertical tail are determined by the use of
figure 2 and various practical considerations of the type
discussed in refcreance 13. It nust be noted, in the usec
of figure 3, that the cffcctive aspect ratio of the usual
single tail is obtained by multiplying the actual aspect
ratio by 1l.55,

thus calculated, the sizc and

If wind~-tunncl tests of a nodel have shown unsatis-
factory dircctional characteristics, the proccdure Jjust
described may be applied, with some modificotions to the
redesign of the verticol tail. If results werc obtalned
for the model with the tail both attached and removed,

d B

“EE;~> is obtained as the differencce between the sto-

Pilitics for the two coanditions, oand 4 < 1W' can
¢

then be obtained directly fron oqu%tlon (4) The dosign
of the new t2il, to give the desired stadility, then pro-
ceceds as before. If tail-removed tests have not beea nade,

it beccones necessary to estinate é%% by conmparison with
W
a sinilar airplanc in table VIII and then fto conpute
ac o
<7;Er- from cquation (4). Subtracting this value fron
L . 201
the cxpeorimental valuce of <~:Qr> ~glves o value for
. ayt /y :

the tail-rcmoved condition, and the tail is then rede-
gsigned as before, :

Rubber-frece stobility.- With the rudder free at aay
angle of yaw, the rudder floats at the angle for which the
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This angle may s found by eguating

hinge moment is zero,.
(1) to zero and substituting

[ 4%, aCy,
GNt = O | e |k T8, | ——2
\ d.CLt dCLt

giving
a0,

u
doug

8§, = =
r dCy
u T

Qg

+ v

d.Cf.v.t

The normal-force coefficient then becomes

. , v dCNt
= ¢4
By aCy, dog P
UT ~—— + V|
dat

The yawing moment due to the tail isg then

St 1 g [ v 80y,
Cl, = 57 7= — Cy
T Sw bw g, dCHt Aoy
uT + v
day

Finelly, the contribution of the vertical taill to the
directional stability is

ac,? ST v 48y do
avt Jy T Sy by qo aCy dovg, ay!
uT Y4y
doy

This expresgion is the same as that derived for rudder-—

v

fixed stability except for the factor
| dCy
uT”

+ v

dog



WACA Technical Hote NMo. 775 19

For any specific design, valucs of uw and v are taken
from figures 5 and 6.

Calculations for an average tail indicatce that the
contribution of the vertical tail, with ruvdder freo, may
be reducecd to 65 percent of its value with rudder fixed.
This value is large cnough in somcec cascs to make the air-
planc directionally unstablc.

Directional control.- A common criterion for direcc-
tional control is the value of dy¥!/ds,. The rudder arca
corrcsponding to a given value of this ratio may be found
from the cquation '

ay! (dcn!\
as ay? )A

.o Bor (7)
dat Sy by, g,

The valuc of T is found from equation (7) and is finally
applicd to the curves of figurec 4 to obtain suitable val-
ues of Sr/st and Sb/sr'

Exomple,.~ Model 20 is identical with model 19 except
that it has a larger vertical tail. It should therefore
be possible to calculate the stability of model 20 from
that of model 19 and, by a comparison of the calculated
with the experimental value, to obtain an indication of
the accuracy of the methods just presented.

dg
ayt .
table VIII, as 0.15, Then by the application of equation
(4), thc tail contridbution to stability is calculated for
model 193

The value of is estimated, by reference to

ac,? -
—8-) = -0.020 x 29819 1.14L 4 g5 x 0,90
d¥? Y499 0.8952  2.150 _
= ~0.00056
ac,! ’ ‘
The value of d.ﬁ for the completec model was ~0.00054;
v :

!
an ) is
ay! f4+w

the contribution of the wing and fusélago (
then =0.00054 + 0,00056 = 0,00002.
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For the tail contribution of model 20,

il

a0, ) .
( n_\ ~0.035 x 22087 . 1.121 4 85 x 0,90
/e 0.8952  2.150

~0,00172
acC,"*
The calculated value of ?rﬁ— for model 20 is thus
: W
-0,00172 + 0,00002 = =~0,00170, in fair agreement with the
experinental value of -0,00156.

~COUCLUSIONS

The more important of the points mentioned in the
paper are listed here. Since the data were linited and -
unsystematic, the conclusions are, to a considerable do-
grce, tentative. '

1, The end-plate offcet of the horigontal tail in-
crcascs the offective aspect ratio of a single vertical
tail by about 50 percent,.

2, The ratio of dynamic pressure at the tail to free-
strecam dynanic pressurc is abdbout 0.90 for single tails and
about 1.00 for twin tails not in large naccllc wakces.

3. The induccd flow associated with the trailing vor-
tex system of the fusclage and the wing is on important
factor in dircectional stability. The sidewash is favor-
able for low=wing airplanes and adversc for high-wing air-
plancs. »

4, Flap deflection incrcascs stability, particularly
for low-wing airplancs.

5 Dihcdral recduces stability, particularly for low-
wing airplancs.

6. Flying-boat hulls are genecrally sonewhat less un-
stable thon fuselages. The flying boats tested, however, ’
had uwafavorable wing-fuselage interfercnce, generally ro-
quiring more vertical tail arca than fusclages on aircraft
of comparable size. -
Langley Monmorial Acronautical Laboratory, ,
Hational Advigorvy Commitiec for Aecronautics,
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TABLE I.- GEOMETRIC CHARACTERISTICS OF AIRPLANES AND MODELS

Type of | ¥ Sy Py 2 S¢ by Sr Sp Sp Sp
Model |vertical Ag —_ —
tail {(moh)|(sq £t) | (£5) | (£t) |(sq £%) | (£t) |(sq £t) |(sc £%) St S,
1 v 59 | 172,00 {37.5 113.8] 10,100 [ 3,70 ] 5.000 | 0.200 | 1,34 |0.42 |0.04
2 III 59 | 172,00 [ 35,0 | 140! 11,000 |3.50! 64200 | 1500 | 1ell | 456 | o24
3 I 59 | 287,00 | 40,0 | 19.4 25,500 | 4,10 13,500 | 1.700 | 1.22 | 53 | .13
4 I 59 | 258,00 [39.,0 | 17.0| 30.800 | 6,40 | 13,2800 | 2.500 | 1.33 | «43 | »19
5 v 59 | 177.00 [29.4 | 16,5 13.500 | 4.00} 7.600 .500 | 1.19 | .56 | .07
6 IV B9 | 338,00 | 4548 | 21e6] 37.300 | 6,30 | 9.000 | 2.300 | 1,04 | 24 | «28
7 II 97 11.680 {1043 | 346 840 11,10 «360 <050 | 1450 | «43 | #14
8 I 97 16,70 [ 11,8 | 4.8] 1.390 |1.,C0 »510 o120 | 1457 | <36 | 24
9 I 97 13,00 |11.9 | 3.7 #2700 | &9C « 480 «090 | 1,76 | «50 | .19
10 Iv 97 15,30 | 123 | 445| 1,180 |1,20 «350 090 | 1.22 | .30 | <26
11 III 80 8,40 | 77| S46 L8680 | W79 «380 110 .94 | .B7 | 29
12 I 80 5.30 | B3| <48 300 | .46 »110 030 | 1adl | o35 | 27
13 I 80 550 | Ted | 2.7 «490 | J61 260 010 | 1,55 | 53 | .05
14 III 80 4460 | 611 246 280 | o45 «130 005 79 | 449 | W04
15 II 80 7e40 | Be2 | 3.1 500 | «79 «190 080 | 1,25 | .38 | &35
16 111 80 10,70 | 7.7 | 4e0] 1,070 | .71 «560 2140 93 | 452 | «2D
17 v 0 1.11 | 2.8 1.3 076 | «31 #037 2006 | 1.3C | B0 | o1
18 ¥ 40 173 | 249 147 138 | .40 076 «005 | 1,17 | 485 | O7
19 ITI 40 80 | Rek | 1ol 062 | .15 +025 006 «38 | #46 | 20
20 I1I 40 90 | 242 1ol 2109 | W31 053 009 20 | +48 | 17
21 IIT 40 961 2.5 1 1.1 L109 | W31 »053 008 90 | 48 | W17
22 III 40 90 | 2451 1.1 071 | W22 033 007 «68 | «47 | W21
23 Iv 40 90 | 2.6 ! 1.3 084 | 24 031 «Q086 #08 | 37 | .19
24 v 40 «60 | 2.1 o9 062 | 425 033 007 97 | 453 | W21
25 v 40 C1.18 1 2.8 1 1.2 026 | +28 .052 <005 | laba | o584 | 09
26 v 40 1.00 | 247 | 1.1 095 | 31 .042 «007 | 1402 | o44 | 416
27 II 40 1.54 | 3.0 1.3 159 | .43 «057 «01C | 1,09 | .34 | .18
28 II 40 134 | 3.6 le2 «155 | »59 068 | O 2431 | #44 |0
29 v 40 1.38 | 341 ] 1a5 «111 | .38 061 o006 | 1432 | 455 | 10
30 1T 40 1,02 | 3.0 | 1le1 o129 | .49 065 «006 | 1,84 | 50 | «10
31 I1 40 1.58 | 345 | le4 »108 | 444 065 | O 1.80 | .60 {0

32 I 40 1.06 | 3.0 ] 142 o134 | 238 ,039 012 | 1,10 | +29 | 31

VOVH

TROTUYDS]

‘o o%0H

Gl

g2e
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TABLE II
COMPARISON OF CALCULATED AND EXPERIMENTAL RUDDER EFFECTIVENESS
3 ! 1
Model Effective | Nt .| g O’
aspect ratio do, . déy
*0 ltalculated [Experimental
1 2.C8 0.045 {0,6810.80 | -0,00060 -0,00060
2 1l.72 #0040 | .84 .20 | -~ OOO77 - ,00079
3 1.29 L0341 ,78]1,00 | - ,001C9 - 400096
4 2,086 44| ,68) .90 | ~ ,00L40 - 00153
5 1.84 0421 W74} 90 | - LU0LE0 - 00118
6 Wing positions v
1 (gull) SRR 47| .90 | mmmmmmem ~ 00061
4 (parasol) | e S ed7] 490 | mmemme - 00055
78 232 L048] #67] .90 | ~ L00073 - +00074
8 1.57 «038! 46311,00 | - ,0O081 - 00083
9 1.76 040! ,7611,00 | - 400070 -~ 400072
10 ———— | ———— e55] W90 | mmmmmmme - 00049
11 1l.46 (GE6| JB87) LOC | -~ 00104 - 00098
12 1.41 L035(0,7611.00 | - ,NO0E7 - +00068
13 1.55 JOZ27) J7111.00 | - 00085 - 4000923
14 128 L0Z21 67 W90 - 00046 - 200049
15 1.94 043 661 ,20 | - 00065 - (00062
16 1.44 L036] 821 .20 | - .,O0L38 -~ »00130
17 2,02 044 73] W90 | - L00089 - 00104
i8 1.81 L0411 ,76] «85 | ~ 00128 - 400119
19 . #59 L0201 W72 490 | -~ 00048 - +00054
20 1.40 .0z50 74| .90 | - 00150 | =~ 00156
21 1.40 035] 73| .90 | - .00118 | - .00127
22 1.04 (029! J74| .90 | - 00070 | - 400078
23 EROEE F 61| 490 | —mmmmmmm - 00075
24 1.50 L0371 .81 .90 - ,00128 - 00129
25 2.54 J0501 751 #90 { - J00113 - 200114
26 ———— mmmmme | o 38 490 | e - 00085
27 1.69 «C401 581 L,90 | - LCO101 ~ «00108
28 3.452 0658 161 090 - aOOli‘a? - 00014:4:
29 2405 044 J75| 480 | - ,00112 | ~ 00116
30 1.84 «0411 .70 L9290 | - ,00118 - ,00119
31 2479 «0B3| J75] 490 | - L00101 - 00103
32 171 o040 o561 490 | - 00098 - 00109

APorizontal-tail spans 2.58 and 3.11 ft were tested.

PFrom 0.66 X 1.15, for sealed zape.
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TABLE III
EFFECT OF HORIZONTAL TAIL OF RUDDER EFFECTIVENESS
ac,’
Model a Te a6, Reduction
(deg)| (a) (percent)
Borizontal tail{Horizontal tail
on off
4 o3 | =eem- ~0.00153 ~0.,00147 4
7e8 | memmm -~ 400152 - 00145 5
1248 | wmmm - 00151 ~ 00143 5
6 Wing position:
1 (gull) -1 — - 00081 - 2000864 -5
4 ——— - 00081 ~ 00085 -7
2 —— - 00082 -~ 00065 -5
14 ————— -~ 00064 ~ 400065 -2
-1 0456 - ,00130 ~ 400138 -6
4 56 -~ 00135 - 400147 -9
9 +56 - L00142 - 00153 -8
14 56 - 00151 - L0016l -7
4 (parasol) -1 ——— ~ .00055 - ,0C061 -11
4 ——— - 00055 - 00062 -13
9 e - 00058 - 00063 -9
14 S— ~ 00058 - 400064 ~10
-1 +D5 ~ 400112 ~ 00119 -6
4 vB5 - 00121 - 00127 ~5
9 «55 - 400128 - L00137 -7
14 55 - 00137 ~ #00149 -9

aMissing valucs indicate that propellor was removed.
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TABLE IV
EFFECT OF WIKG POSITION ON RUDDER EFFECTIVEWNESS
AIRPLANE 6
dlyn't
Ving T A6r
position (a) o (deg)
-1 4 9 14
1 (gull) | ====| =0.00061 | -0.00061 | =0.00062 | =0.00064
2 ——== i - ,00059 | - .00060 | ~ ,00061 | - 00061
3 ——== | - ,00057 | - ,00088 | - ,00057 | - .00058
4 ——ww { - ,00055 | - 00055 | -~ ,00058 | - 00058
1 (gull) [ 0.56 | - .00130| - ,00135 | ~ .00142 | - .00151
2 | .s55| - .oo118| - .00125| ~ .001353 | -~ .00141
3 .54 | - ,00119 | - ,00127 | = .00133 | - .00141
4 .53 | - ,00112 - ,00121 | - .00128 | - .0Q0137
OMissing values indicate that propeller was removed.
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TABLE V
EFFECT OF FLAPS ON RUDDER EFFECTIVENESS
aCu!
a (deg
Model (aeg) ddyp
Plaps up| Flaps down | Flaps up | Flaps down
1 ~-0.9 -1.5 -0.,00060 -0,00060
8.3 7.7 - .00060 - 00059
8.8 8.9 -~ ,00060 - .00060
2 8.5 12.7 - .00079 - 00052
17.9 e - J000562 | —mem—e-
16 .1 .6 - ,00130 - 00128
11.0 11.5 - 00130 - .00128
22 10.5 10.8 - ,00078 - 00078
23 10.0 10.3 - 00075 ~ 00075
16.9 15.1 - 00080 - ,00025
24 9.9 10.0 - ,00129 - 200129
el 14:.8 """"""" had .C\OOACZ
26 11.1 8.5 - .00085 - ,00085
29 11.8 10,9 - L00116 - L00113
3 2.7 14.8 - ,00096 - 00096
15 ~1,8 6.4 - 00062 - 00059
27 0 l1z2.4 - .,00108 - ,00108
51 n? 5.“3 - .00103 hael .00105
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TABLE VI
COMPARISON OF RUDDER EFFECTIVENESS BASED ON
TWO METHODS OF DEFINVING RUDDER AREA

TYPE III TAILS

(dcn:> {dcn,\
Model 18r | above \ r | 4o4a1
) 2]
WOz exp a8y | cxXp
2 0.90 c.98
11 .95 1.06
14 .78 .94
19 .53 .89
20 ' .79 .96
21 .78 .94
22 .67 .90
24 .84 .99
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TABLE VII

EFFECT OF PROPELLER OPERATION ON RUDDER EFFECTIVENISS

Model v a Te aCy*

(deg) (deg) (a) ds .,
1 0 8.8 R ~0.00060
0 8.8 bo, 36 - ,00060
5 8.8 R - .00061
5 3.8 b, 36 - .00060
10 8.8 ———— - 00064
10 8.8 b, 36 -~ 00069
2 0 - ———— - .00079
0 -7 .58 - ,00078
0 8.5 e -~ ,00079
0 843 .64 - 00079
0 17.9 ——— - .00052
0 15,7 .71 - ,00054
3 0 14.8 —— -~ ,00096
0 13,9 .28 - ,00120
4 0 1.3 ———— - ,00153
0 1.3 .05 - .00159
0 7.8 ———— - ,00152
) 77 .26 - ,00243
0 12,7 o s e - ,00151
0 12.4 .59 - .00307

6 Wing position:

1 (gull) 0 -1 ———— - .00061
0 -1 .86 - .00130
0 4 R - 00061
0 4 .56 - .00135
0 9 e - ,00062
0 9 .56 - .00142
0 14 o - .00064
0 14 .56 - .00151
4 (parasol) 0 -1 ——— -~ .,00055
0 -1 BT - .00112
0 4 - - .00055
0 4 .55 - ,00121
0 9 ———— - .00058
0 9 .55 - .00128
0 14 ———— -~ .00058
0 14 .55 - ,00137

aMlSSlnb values indicate thet propeller was removed.
Rlbht~hand propellers only operating,
CSingle~engine operation, left propeller only operating.



TABIT VIII.- DIRECTIONAL STABILITY AND ESTIMATION OF SIDEWASH

an'/d\b’
Wing Complete | Effect of] Calculated
Dihe~| POS1tion | 1 model vertical | effect of |Estimated
Model u S aral (relative| “OHD etel 1ess tail vertical ag
to .| model |yertical tail ayt
(dez)| (deg)| (deg) | fuselage) tail do >
....__.=O
) . XAUL
1 -1,0 0 5e3 Middle -0.,000921 -0,00003{ ~0,00088 -0.,00088 -0,C1
7 5,0 01 3.0 High - 00086 «00030] - .00116 | - 00108 @ 407
8 - 25 0] 3.5 Low ~ o00074 2000031 - ,00077 - 00128 «40
11 0 O} 27 Lovw ~ 00075 «0G007 | - 00082 - 00120 LY
128 -de0 0 360 High - o00013 .00048} - 00061 -~ 00089 31
13 243 0 340 High -~ «00014 200085 ~ 00099 ~ 200120 18
7 242 0] 2.4 Low - 00150 00025 - Q0175 | ~ 400175 0
From Tuselage! Fuselage
reference + wing + +
9 vertical] wing
tail :
5 0| © High |- .00080| .00035| - .00115 | - ,00199 .42
5 0 0 Middle - 00107 200041 ~ ,00148 | -~ ,00199 26
5 ¢ 0 Low - 00152 L0O00301 - 00182 - 00199 .09
0 &0 0 High - 200120 +00030} - .00150 ~ »00199 25
0 &0 0 Middle - »C0150 »00020{ - 00170 - »0019% .15
0 &0 0. Low -~ 00267 - LO0010| -~ 00257 - 00199 - 29
5 0 5 High ~ 00038 00037 -~ 00075 - J0019% .2
5 0 5 Middle - 00093 ,00041; - 00134 | -~ .0C199 33
5 O 5 Low - 00123 .00035] -~ L,00158 - 00199 21
0 60 5 High - 00070 20004061 - L,00110 - L0019% 45
0 60 5 Middle -~ 00120 .00030| - ,00150 - 00199 o5
0 60 5 Low - 00180 .00010| - 00200 ~ 00199 - 01

2Blisters and cockpit enclosure removed.

930N T®OTUYSOL VOVN
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TABLE IX

EFFECT OF FLAPS Ol DIRECTIONAL STABILITY OF COMPLETE AIRPLAIE

< dcn!
Model (desg) ERVL

Flaps up Flaps down Flaps up Flaps down

1 ~1.0 ——— -0,00092 | —--mma- -
210,1 ag,8 - .00124 -0.0014%7

7 8,5 8.5 - ,00075 - .00069
8 9,5 8,0 - .00045 - 00093
12 -4,1 -3,9 - ,00022 -~ ,00028
2.2 42,4 - ,00028 - ,00025

8.4 ag,7 - .00038 - ,00015

13 2.3 22,3 - L00014 - .00023
b 2,bs, - ,00025 - .00020

15 -1.8 95,4 - ,00096 - ,001158
22 10.5 10.8 - .00095 -~ ,00100
23 10.0 10.3 - ,00071 - .00114
16.9 15.1 - .00071 - .00060

25 10,9 9.3 ~ .00118 - ,00174
27 0 12.4 - .0013% - ,00182
29 12.5 10.9 - 00121 - ,00145
31 .7 45,2 - 00109 - ,00120
32 1.1 9.6 - 00137 - 00137

8Landing geoar extended.

PEmpennage raiscd 1% in.
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TABLE X
FUSELAGE AND HULL CHARACTERISTICS
Pro- g
Refer-| V L j::;:d Volume| 90Ys' ayt
Yodel ence | (mph) | (£t) | ares |(ow £t)| ‘&Y'  |fixperi-|Calcu-
8q f4) ; mental |lated
O < —— 11 40 |1.957/0.439 |0.0683 |0.0034 | 0.038| 0.035
O = 11 1.759| .413 | .0766 | .0063 | .021| ===
O {__———= 1 1.834| .435 | .0768 | .0084 | .033| ——=
O —— 11 40 |1.849| .409 | .0851 | .0072 | .031| .034
O A —— 11 | 40 |1.513 .282 | .0430 | .0033 | .084| .025,
5
O —— 11 | 40 |1.590| .516 | .0534 | .0086 | .038| .UBL.
|
O 11 | 4 |1.908| .453 | .0966 | .0048 | .085| ——m |
O C——== 11 | 40 |1.793| .446 | .0946 | .0043 | .026| =
O N 11 40 |1.670| .533 | .0624 | .0064 | .038! —we
0 7= 11 78 | 3.373)1.468 | .3780 | .0078 | .027| =
{
0o __—— 11 78 | 2.625 .832 | .1870 | .0107 | .018| «==!
0O & — 11 78 | 3.953| .781 | ,3230 | .0004 | .019| ~--
o <——— 11 78 | 3.805| .474 | .1330 | .0095 011 ===
B & ___— |Fmom 80 | 4.020/3.000 |1.0700 | .0208 | .023| ---
unpub-
lished
) results
@ < _—_— |of7-by 80 |4.080/3.285 | .7500| .0094 | .015| ==
10-foot
wind |
O "= | tunnel 80 | 4.430{23.180 | .8750 | .0046 ,018|0.037
O C T 9 80

3.360|1.474 | .6100 | .0044 .019] .037




TABLE XI - FUSEIAGE-WING INTERFERENGE

dCp ! /al!
' Fusclage~-wing
Model a 5f1ap Dihedral Wing Fuselage| Wing Sum |Fuselage| interference
(deg) | (dez) (deg) | position |or hull | alone or factor
alone ll + Fy
wing
12 -4 -0 3 High 0.00050 |~-0.00005{ G.00045 | 0.00047 1.04
' 11 0 3 - do -~ 00050~ ,00008! ,00042} .00032 76
13 2 0 3 - do -- .000681~ .00004| .00064| .00085 1.33
14 3 0 4,8 - 4o -- 00050 |~ .00007{ .00043{ 00100 232
11 0 4.8 L .00087|~ L00015] .00072| .00100 1.39
From
reference
2 5 0 0 - do -- 00060) O .00060] 00035 «58
5 0 0 Middle .00060] O .00060| .00041 «68
5 0 0 Low 000607 O .00060| 00030 .50
0 60 0 High 000801~ .00010| «00050( .00030 « 61
0 60 0 Middle .000601-~ .O0010| .00050| .0O0020 «40
0 60 0 Low 000601~ 000107 L00050- 00010 - 20
5 0 5 High «00080{ O 000604 00037 .62
5 0 5 Middle 00060 O .00060] .00041 «68
5 0 5 Low 00060 © .O00€E0] .00035 «58
0 60 5 High 00060~ 00020} 00040} .00040 1.00
0 60 5 Middle 000601 - 000207 .00040f .0C030 75
0 60 5 Low .00060|~ 00020} .00040} .00010 25

‘Ol 9920 TTOTUYDOL VOVH

SLL

28



NACA Technical Note No. 775 ) Fig. 1la

' MODEL | MODEL 2

AIRPLANE 3 ) AIRPLANE 4

Figure 1l(a) .- Geometric characteristics of airplanes
and models. v
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Figure 1(b). - Geometric chargcteristics of airplanes

and models,
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Figure 1(c). - Geometric characterigstics of airplanss
and models.



NACA Technical Note Fo. 775 _ ‘ Fig. 12

MODEL 13 MODEL 14

MODEL 6 MODEL |sm“

Figure 1(d}. ~ Geometric charecteristics of airplanes
and models,



BACA Technical Note No. 775 , Fig. le

e

MODEL 17 ' MODEL 18

MODEL 19
: MODEL 20

&

Figure l(e). - Geometric characteristics of airplanes
and models,
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