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SUI'J.lMAHY 

Power-off tests were made in the 6- by 6-foot test 
section of the Langley stability tunnel to determine the 
variation of the static lateral stability characteristics 
with vertical-tail area, fuselage length, and wing dihe­
dral. Two NACA 23012 rectangular wings with rounded tips 
and dihedral ane les of 0 0 ~nd 50 were tested alone and 
in combination with three circular fuselages of different 
lengths. The wing-fuselage combinations were t e sted as 
low-wing Jl1onoplanes wi th and wi thout a horizontal tail 
and with variations in vertical - tail area. The results 
are presented as curves showing the variation of the 
static-Iateral-stability slopes with angle of attack, ~nd 
the rolling-moment, yawtng-m~ment, a nd lateral - force 
coefficients with angle of yaw . 

The results indicated that the influence of wing­
fuselage interference on the slope of the curve of yawing­
moment coefficient against angle of yaw Cnw and the 

slope of the curve of lateral-force coefficient against 
angle of yaw CYw was usually stabilizing, appreciable, 

and varied with angle of attack. The influence of the 
wing-fuselage interference on the vertical tail was also 
generally stabilizing and appreciable at negative and 
small positive angles of attack but varied with angle of 
attack. 
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2 NACA ARR No . L5C13a 

With no vertical tail, incrEased fuselage length 
ordinarily caused a slight incre8.se in Cnw for the 

fuselage lengths tested. At the large r negative angles 
of attack, this effect was more pronounced . For the 
complete n~de l, the increase in Cn~ was approximately 

linear with fuselage length. ~he ~asritude of this 
increase appreciably diminished with a positive increase 
in anele of attack . The slopes Cn\lJ and CY\jJ increased 

approximately linearly with vert ica l·-tail area . For the 
system of axes used, the slope of the curve of rolling­
moment coefficient against angle of yaw CL\jJ increased 

with vertical - t a il area at negative and small po sitive 
angles of attack but the opposite was true at large 
positive angles of attack . The results a l~o indicated 
that increased dihedral angle slightly d e creased the 
rate of change of Cn\lJ with vertical-tail area but had 

a neg ligible effect on the race of ch&n6e of Cnw with 

fuselage length. Except at l a rge positive angles of 
attack, CY\jJ was generally grpate r wi th the smaller 

dihedral angle . A slight increase in Cn\jJ wa s caused 

by the end- plate effect of the horizontal tail on the 
vertical tai l. 

INTRO")UCTI ON 

The trend t oward greater speed and higher wing 
loadings and increased consciousness of the importance 
o f satisfactory flying qualities have resulted in addi­
tional attention being given to handling characteristics 
in airplane design. Mathematical equations and conven­
ient charts for predicting the lat e ral stability cha rac­
teristics are given in r efe rence 1. In order to use 
this material, however, it is n e cessary to know the 
stability derivatives, which va ry with each airplane 
configuration . A series o f investigations has therefore 
been undertaken in the Langley stability tunnel to 
determine the 'ariati o n of both the static - stability and 
rotary-stability slopes with various airplane parameters. 

The present inves tiga tion is a continuation of the 
investigations described in references 2 and 3 except 
that, for the present tests, the fuselage was equipped 
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with a rectangular wing in the low position . The purpose 
of the investigation, which was conducted in the 6 - by 
6 - foot test section of the Lang ley stability tunnel, was 
to determine experimentally the effect, with the propeller 
off, of vertical - tail area, fuselage length, wing dihe ­
dral, interference, and the presence of the horizontal 
tail on the static lateral stability characteristics. A 
geometrically similar model has been tested in the 
Langley 7- by 10- foot tunnel (reference 4) and the data 
may be used to correlate the results in the two tunnels. 

Tests were made of a model that had dimensions 
proportional to those of the average airplane. The ratios 
of fuselage length to wing span and of vertical-tail 
area to wing area investlg~ted were taken to bracket the 
range commonly used on present-day airplanes . 

APPARATUS AND MODEL 

The tests were made in the 6- by 6-foot closed­
throat test section (adjusted for straight flow) of the 
Langley stability tunnel. A three-view drawing of the 
model tested, which was constructed of Imainated mahogany, 
is given in figure 1. Figure 2 shows the model mounted 
on the three support struts for tests in the tunnel. 

The two rectangular wings used for the tests have 
dihedral angles of 00 and 50 and, in elevation, the 
maximum upper-surface section ordinates are in one plane. 
Each has an aspect ratio of 6.4 and an area of 361 square 
inches, which includes the portion inside the fuselage. 
The NACA 23012 profile is maintained along the entire 
span. 

The fuselage is of circular cro s s section and was 
constructed as des cribed in reference 2. Its dimensions 
are presented in table I. With the shortest tail cone 
attached, the fuselage is geometrically similar to that 
of reference 4. 

Five interchangeable vertical tails and the hori­
zontal tail were made to the NACA 0009 section (fig. 1). 
Their dimensions are presented in table II . 
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TESTS 

The wings wi t h dihedr al angle s of 00 and 50 were 
tested alone at anolos of yaw of - 50 and 50 over an 
C:.tngle - of-attack r ange fr')rn -100 to 200 • Tlle mode l cOMbi­
nations tested are shown in t able III. Mode l combinations 
were test ed a t angles of yaw of - 50, 0 0 , und 50 over an 
ang le-of- at tack range frOM -100 to 200 and at an angle 
of a tt a c;c of 10.20 ove r an angle-of - yaw range from - 300 
to 120 • 

All tests we re run at a dynamic pressure of 65 pounds 
per square foot, which corresnonds t~ a t es t Reyno l ds 
number of approximate l y 388,000 based on an 8-inch ving 
chord . The data may have been affected by compressibility 
at l arge angles of attac~ . 

PRESENTATION OF DATA 

The results or the tosts a r e pr esented in s t andard 
NACA coefficients of f orc es and mo~ents . Rol li ng-momen t 
and yawing-moment coeffi ci ents are f,i ven abou t the center ­
of - gr bvit y location shown in figure 1. The data a re 
referr ed t o a system of axes in which the Z-axis is in 
the plane of s~~etry and pe r ue ndi cular to the relati ve 
wind, the X-axis is in the plane of s ymmetry and perpen­
dicular to the Z- axis, and t he Y- axis is perpendi cular 
to the plane of symmetry. 

The coeffici ents and s~nbols used are defined as 
follows: 

CL l if t coeffi cient (L/qSn) 

CD drag coefficient (D/qSw) 

Cy lateral-force co effic ient (Y/qSw) 

slope of curve of lateral - for ce coefficient 
agains t ang le of yaw (~Cyj6'J,J) 

C ~ r ol ling -moment coeffi cient (1. '/ qbSw) 

J 
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slope of curve of rolling -moment coefficient 
agains t angle of yaw (0 C -ded,;) 

Cn yawing -moment coeffic1ent (N/QbS"v) 

slope of curve of yawing-~oMent coefficient 
agains t angle of yaw (OCn/O\jJ) 

61 increment of Cn ,.\! or CY\jf caused by wing-

]'sv 

bSw 

fuselage interference 

increment of Cn1J.r or CY\(J caused by \Jving ­
fuselage interference an vertical tail 

tall-volume coefficient 

5 

D force along X-axis; positive when directed down­
stream 

y force along Y-axis; positive when directed to the 
right 

L force along Z-axis ; positive when directed 
upward 

N yawing moment about Z- axis; positive when tends 
to retard right wine 

L' rolling moment about X- axis; positive when tends 
to depress right wing 

q dynamic pressure (~pv2) 
V free - stream velocity 

P mass density of air 

Sw wing area (2 . 507 sQ ft) 

b wing span (4 ft) 

r dihedral angle, degrees 
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tail length ; measured from center of gravity, 
which is aDs~ned to be 10.40 inches behind 
nose of model on center line of fusel&ge, to 
hinge line of tail surfaces 

Sv vertical - tail area 

a angle of attack, degrees 

wangle of yaw , degrees 

The static - Iateral - stability slopes Cn~ , CL~' 

and Cy~ Vlere obtained from date.. measured at t!J = ±5° 

since the yaw tests '"'hawed that the coefficients bad a.n 
approximately linear variation in the range of ang l e of 
yaw from 50 to - 50 . In order to indicate the validity 
of this procedure, the slopes obtained fr0m yaw tests 
at \j.r = 00 are plotted wi th tailed symbols in the 
figures . 

The accuracy of Cn, CL, and Cy was determined 
experimental l y to be about ±0.0005, ±0 . 0008, and ±0.001, 
resnectively. The average experimental accuracy of Cn~, 

Cl~' and CY\j.r is about ±O . OOOlO, ±o.00016, and ±0.0002, 

respectively . The accuracies of the angle - of - attack ~nd 
angle - of - yaw ~easurements are about 0.10 and 0.05 0 , 
respecti vely . 

Angle of attack and drag coefficient were corrected 
for tunnel - wall effect by the folloving formu l as : 

where 

Sw = 57·30w - -CL = 
C 

"C --;; SVl C 2 
t.l D uw c- L = 

(deg) 

Ow jet-boundary corr e ction factor at wing (0.1525) 

C cross - sectional area of tunnel (36 sq ft) 
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Both corrections are additive. No jet-boundary correc­
tions were applied to CL, Cn • and Cy. The correction 
to Cy is within the experimental error, whereas the 
corrections to Cn and CL would be subtractive and equal 
to about 1 percent. 

The CL and CD data were corrected for the supp'ort­
strut effect; no corrections we~e ap91ied to Cy, C1, 
or Cn since previous results indicated the magnitude 
of these corrections to be swall for this model and 
support system . 

The value", of 61 and 62 for Cn'\jJ for the model 

without wing fillets ere obtained by the following 
formulas : 

fllC n = Cnl - (Cn'\jJ + Cn'\jJ '\ 
'\jJ ~wing - fuselage combination \ wing fuselag~ 

62Cn'\jJ = Cn\lJ - (Cn\jJ 
complete model wing 

+ CnWfuSelage with hor . and vert. tails on + 61Cn0 

The values of 61 and 62 for CY\jJ may be obtained in 

the same manner. The method used in this investigation 
to obtain 61 and 62 is the same as that of reference 5. 
The following formula (by which the value of Cn~ for 

the complete model is obtained) is an exrunple of the 
application of the increments 61 and fl2! 

Cnl!! = Cn\lJ + Cl'\)J 
wing fuselage with hor. and vert . tails on 

The interference between the fuselage and vertical 
tail and the interference between the fuselage and 
horizontal tail were not determined. 

Lift - coefficient and drag - coefficient data for 
representative model configurations are shown in figure 3. 
The lateral-stability slopes Cnw and Cy'\jJ for the wing 
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are presented in figure 4. The data p res ented in the 
figures are SUL1..111arized in table IV. 

DISCL'SSIOr 

For the complete model, the static-lateral- stability 
slopes Cn,lt and CY\jJ usual l y aecreased with a positive 

increase in angle of attack (figs. 12 and 15) . The 
results of the present investigation indicate thbt this 
decrease was caused by interference (figs . 5 and 6). 
With the vertical tail off, the variation of these values 
~ith angle of attack was irregul~r aPDarently also because 
of interferenc e (figs . 9 and 11). Such variations with a 
of the lateral - stability slopes as were obtained in the 
present investigation for the 10w- 'Villg model both wi th 
and without a vertical tail were not shown in the midwing 
investigation (reference 3), The slopes CY\jJ andCn\lf ' 

were practically always greater for the lO~ - fing than 
for the :nidwing configuration, apparently because of a 
change in interference ith Ning location. 

At negative and sometimes at small oositive anoles 
of attack, CLV decreased as the angle of attack became 

less negative (figs. 12 and 15). In the ~ositive angle­
of - attack range, CL~ generally increased ~ith angle of 

attack . The slo e CL\jJ was incredsed because of the 

side force on the vertical tail at negative and small 
positive angles of attack but the op~osite was true at 
large positive angles of attack. This effect may be 
attributed to the system of axes used. For this system 
of axes, the center of pressure of the vertical tail is 
above the X- axis at negative and small positive angles 
of attack; consequently the side force on the vertical 
tail caused a positive increment of CL\jJ ' The opposite 

was true at large Dositive angles of attack because the 
center of pressure was below the X- axis. The slope CL\jJ 

was appreciably greater for the midwing configuration 
than for the low- wing configuration, frequently by as 
much as 3° of effective dihedral (reference 3). This 
change in slope is evidently caused by a change in the 
nature of the flow a r ound the wing near the wing - fuselage 
juncture. 
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Interference Effects 

The increments caused by wing-fuselage inter­
ference 61 and by wing - fuselage interference on the 
vert ica l t~il 62 were computed by the equations 
previously given. The fuselage data (with and without 
tail surfaces) used in t118s e computations were taken from 
reference 2. The other data wele ob~ained from the 
present investigation. 

The quantities 61CnW and 6lCy~ were generally 

appr e ciable and had a stabilizing effe ct on the model 
(fig. 5). The variation of these vcl lue s with angle of 
attack was irregular. but 61Cy, 3enerally tended to , - . \!J 

decrease with a positive increase in angle of attack . 
The irregularity of t~e curV8u ~ay b~ caused by a burble 
at the jnncture of the wing ann fuse:i..age, additional 
evidence of w~ich may be s~en in the curves of lift and 
drag coefficients in fi g ure 3 . An (1)preciable part of 
the value of CY\j! for the \A,lng-·l U 86 J.age combination can 

be attributed to interference. The chan3e s.ln 61Cn~ 

and 61Cv I wi th fuse lage lene; th were wi thin the experi-
..L\lI 

mental accuracy for the fuselage lenbths tested. 

At ne€ative and sma ll positive ansles of attack, the 
quantities 62Cn \j! and 6 2 CY\j! were g~nerally appreciable 

and had a stabilizing effect on the model (fi g . 6) . V ith 
an additional positive increase in an[le of attack, the 
values changed in such a manner as to become destabilizin~. 
The effect of replacing vertical tail 2 by vertical tail 4 
(a 48-percent increase in a rea) on these quantities was 
generally ~mall in the unstalled range. The variations 
of 62Cn\j! and 62Cyw wi th fuselage length were somewhat 

irregular. Because the mocel t e stod in this investigation 
had no wing fillet, caution should be used in applying 
the results to design since the presence of a fillet may 
appreciably change the lateral stability characteristic3. 
In view of this fact, an investiga tion of the lateral 
stability characteristics of a model with wing fillets 
might be desi rable. 
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Effect of Horizontal Tail 

Theory indicates that the presence of the horizontal 
tail would in~rease the effective aspect r atio of the 
vertical tail and thus increase Cnw and Cyw' A sma ll 

increase in these quantities was obtained by the addition 
of the horizontal tail (figs . 7 and 8) . This lncrement 
varied somewhat irregularly with angle of attack. 
comparison with the results of reference 3 showed that 
the end-plate effect Vias greater for the midwing configu ­
ra tion . Data from reference 5 indic~te that this 
difference i s due to a change in the wing - fuselage inter­
ference on the vertical tail with wing location. In 
referenc e 3 an incrementa l increase of 0.0010 in Cy, was 

\~ 

computed for the end - plate eff8ct of the horizontal tail 
on vertical tail 4 . An avera~e increase of 0.0005 was 
obtained from the present experimental investigation. The 
end - plate effect of the horizontal tail on CLw amounted 

to less than 10 of effective dihedral . The results of 
the present investigation (fi g . 8) indicate that, although 
separation begins to occur on the vertical tail at about 
the same time with the horizontal tail on and off, it 
progresses more rapidly with the horizonta l tail on . 

Wlth the vertical tail off, the magnitude of the 
static - lateral-stability sloDe s was not appreciably 
affected by the addition of the horizontal tail (fi g s . 9 
and 11). 

Effect of Ch&nges in Fuselc:..ge Length 

Within the scope of the present investigation, a 
slight increase in Cnw was generally obtained with a 

longe r fuselage for the model having no vertical tail 
(figs . 9 to 11). The effect ~,as more pronounced at the 
l arge r negative angles of attack. 

For the complete model equipped with vertical tail 4~ 
the increase in Cnw with fuselage length was approxi ­
mately linear (figs , 12 and 13). rrhis increment of Cn '4J' 

which resulted from increased fuselage length, appreciably 
diminished with a positive increase in ang l e of attack . 
This decrease may be part ly cuused by interference. A 
comparison with the results of reference 3 showed that, 

1 
I 
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for the midwine; configuration, the increase of Cn\!r wi th 

fuselage length was also linear but remained fairly 
constant with a change in angle of attack. 

The variations of CLw and Cy~ were small, for 

the fuselage lengths tested, both with aDd without a 
vertical tail. A similar result was obtained for the 
midwing configuration (reference 3) . 

Effect of Changes in Vertlcal-Tail Area 

The slopes Cn0 and CYw increased approximately 

linearly with vertical-tail area (fi gs . 14 to 17) . The 
rate of change of Cnw ~ith 7erticdl - tail area was 

greatest in a small reg ion between an~les of attack of -40 

and 00 and decreased a s the an~J.e of ~ttack varied from 
this range. This ch~nge in vBr~ic~l-tail effectiveness 
with angle of attack might be at tributed to interference . 
For the midwing con£ jguration, the increases in these 
slopes w!th vertical-tail area were also approximately 
line ar and fairly constant over the unstdlled angle - of ­
attack range (reference 3). 

As would be expected, at negative and small positive 
angles of attack, CL$ increased wtth vertical-tail 

area whereas, at large positive angles of attack, the 
opposite was true . A similar result was obtained for 
the midvving configUl'ation (reference 3) . 

Effect of Cha nges with Constant Tail Vo lume 

In figures 18 and 19 the result of changing the 
fuselage length and vertical-tail area in such a manner 
as to hold the tail volume cons t a nt is shown. The 
configurations in which the tail volume remained constant 
are shown in table V . D <,;. ta from fi bure s 18 aud 19 are 
cross - plotted in figure 14 . The vertical tails tested 
all had an aSDect ratio of 2.15. 

The slone Cn ll! shoulc remain approximate 1y the 
same wi th constant tai 1 voltune . The experimental 
variation is small over the n:)rrr.al flight range ~nd may 
be partly caused by interference or rr,ight be explained 
by the arbitrary manner in which the tail - volume coef­
ficient was defined . 
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TbB values of CL~ and Cy~ are dependent mainly on tail 

area and are practically independent of tail leng th 
(fi g. 14) . For the range of variations giving constan t 
tail volume, the changes in both Cy~ and CL~ were 

appreciable. 

Effects of Changes in Dihedral 

For the model havjng no vertical tail, the change 
in Cnw with dihedral angle was small (figs . 9 to 11). 
With the vertical tail on, Cn~ was sli ghtly larger 
for r = 0 0 t han for r = 50 (fi gs. 12 to 17). Similar 
trends were also obtained for the midwing configurati on 
(reference 3). Figure 14 shows that increased dihedral 
angle sli ght ly de creased the rate of change of Cn~ 

with vertica l-tail ar ~a bu t had a negligible effect on 
the rat e of change of Cn~ wi th fus e lage length . The 

slope CYw was generally slightly greater for r = 00 

than for r = 50 except at l a r ge positive ang l e s of 
attack . 

The changes with dihedra l angle of wing-fuselage 
interference and wing - fuselage interference on the 
vertica l t ai l were small. 

Comparison of Data from Lang l ey 7- by 10 - Foot 

and Langley Stabi lity Tunne ls 

The mode l tested in the Langley s t abili ty tunnel is 
0. 8 as large 8.!ld geometrically simi l a r t o the one t ested 
in the Langley 7- by lO-foot tunnel fo r the investigation 
of reference 4 . The test Reynolds number, based on the 
wing chord, was about 619,000 for the Lano ley 7 - by 
10-foot tunnel compared with about 888,000 for the 
Langley stabi li ty tunnel . The effective Reynolds numbe r, 
however, was about the same since the turbulence factor 
for the Lang l ey 7 - by lO - foot tunnel is 1.6, compared 
with less than 1.1 for the Langley stability tunnel . 
Data taken from reference 4 were conver ted to the stabi lity 
axes and the ang le of attack was corr e ct ed f o r tunnel-
wall effec t in order to make the data comDa r ab le ~i th 
data from the Lang l ey stability tunnel . Figur e 20 shows 

j 
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that satisfactory agreement wa s obtained, i n general, for 
all three static-lateral~stability s l opes . In both 
tunnels the stall occurred at about the same angle of 
attack and the model, when yawed, tended to r~ll violently 
a t the stall. 

CONCLUSIONS 

The results or tests or a model consisting or a 
rectangular low wing on a circular fuselage with 
variations in vertical - tail area and ruselage length 
with and without a horizontal t~il incicated, ror the 
range of configurations tested, the following conclusions: 

1 . The influence of wing-fuselage interference on 
the slope of the curve of yawing-moment coefficient 
against angle of yaw Cn~ and the slope of the curve of 

lateral-force coefficient against ang le of yaw Cy~ was 

usually stabilizing, appreciable, and varied with angle 
of attack. The effect of wing-fuselage interference on 
the values of Cn~ and Cy~ contributed by the vertical 

tail was also generally stabilizing and appreciable at 
negative and small ositive angles of attack but varied 
with angle of attack . 

2. The end - plate effect of the hori~ontal tail 
slightly increased the efficiency of the vertical tai l. 
The experimental increment obtained was only one-haIr 
the computed value. 

3. Increasing the fuselage length with no vertical 
tail resulted in a slight increase in Cn~ for the 

model, both with and without a horizontal tail . At the 
larger negative angles of attack, the effect was more 
pronounced. For the complete model, the increase in Cn~ 

was approximately linear with fuselage length . The 
ma3nitude of the increase appreciably ciminishcd with a 
positive increase in angle of attack . The changes in 
the slope of the curve of rollin6 -moment coefficient 
against yaw CL~ and in CY~ with fuselage length were 

small. 
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4. The slopes Cn\jJ and CY\jJ increased approxi ­

mately linearly with vertical-tail area . For the system 
of axes used, CL~ increased with vertical - tdil area at 
negative and small positive angles of attack but the 
opposite was true at large positive angles of attack. 

5. Increased dihedral angle slightly decre a sed the 
rate of change of Cn\jJ ~ith vertical-tail area but had 

a negligible effect on the rate of change of Cn\jJ with 

fuselage length. Except at large positive angles of 
attack, CYw was greater with the smal l er dihedral angle. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronb.utics 

Langley Field, Va . 

-----------------~ 
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Horizontal and a Vertical 1'r:' iJ . J'.JACA ARR No. 3F2:; , 
1943 . 
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TABLE I 

J?USELAGE DIMENSIONS 

r-------y------...,----.-.-r-.-- I -----.----, 
Fuse l age Tail - c0ne Tai l 1 th 1 ITa il length ~ 

Fuselage length l ength - (l' eng , v I-v 
(in. ) (in . ) n_. _) ___ ring span -'-.~ 

Shor t 32 . 25 )1 . 35 20 . 07 0 . ~_18 

Medium 37.05 14.65 24.87 .518 
i 

~Lo_n_g_' _~4 __ 1 _. 8_5 __ '---_1 __ 9 _. 4 __ 5 ._~_~~0~ __ L ______ ~~ ~_~ _____ _ 

frABLE II 

TAIL- SURFACE DIME TSIONS 

_ ._---_. --
! Vertical -

Tai l tail area Ver ti ca l- tai l a r eaiAspe ct, 
surface Designation (sq in . ) Wing a r ea Irati~ ( 1 ) 

10 .83 
I 

Vertieal 1 0 .0300 I 2 . 15 i 

I 
I 

Do - - - 2 23 .7li .0659 I 2. 15 

Do --- 3 28.37 .0786 2 . 15 

Do --- 4 35 ·16 .0974 2 . 15 

It-6,20 I . 1280 I 2. 15 Do --- 5 I 
Horizontal ----- - -- --- 64.21 .178 I 3 ·99 I 

l Area measur ed f r om root chord at center line of fuse l age. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABLE III 

l\'~ODEL COMBINATIONS TESTED 

[Horizontal. Vertical 
tail tail 

- - -

Off 
-------

1 

2 

A 
/ 

4 
!----

I 5 
On 

~ 2 

I b I 
4 

4 
Off 

I Off 
Off -

Off 

~-

-----
Dihedra l 

Fuselage angle Variable 
(deg ) 

--- .. ---1---------

Short, 
medium, a 
and long 

I 
I 

J I 
I 

o and 5 \ 

Long 

\It I Med ium I 
-- .". - l 

Short 
a and \j! 

--
a 

Long 
5 \It 

Short 0 and 5 a and \It 
-- ---

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABLE IV 

PRESENTA'rION OF RESULTS 

r;~~:·~-----D-e-s~-r-iP-tion of figure 
---,-------- - -- - , 

I Data I 
presented I 

13 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Lift and drae; curves for repre---tcL and 
sentative model configurations I CD as f(a) 

Slope of yawing - moment and I Cn\lJ and 
lateral-force coefficients fo r I CY~ as f(a) 
NACA 23012 rectangular wing i 

Effect of wing-fuselage 
interference 

Effect of wing - fuselage 
interference on verti cal tail 

End-plate effect of horizontal 
tail 

End-plate effect of horizontal 
tail 

I 
j.61 Cn \jJ and 
I 61 CY\jJ as f(a) 

I t.2Cn", and 
62Cyw as f (a) 

Cnw ' C 1\)1 , and 
CYw as f(a) 

I 
Cn, C l' and 

Cy as f(\jJ) 

Effect of changing fuselage 
(no tail surface s) 

I 
length ' Cn\)!, C 1\)1' and 

CY'I.r as f(a) 

Effect of changing fuselage length Cn, Cl, and 
(no tail surfaces) Cy as f(\jJ) 

Effect of changing _ruselnge length Cnw ' C1w, and 
(horizontal tail on; vertical CY\jJ as f(a) 
tail off) 

Effect of changing fuselage length Cnw ' C1,w' and 
(horizontal tail and vertical I CY\jJ as f(a) 
tail 4 on) 

Effect of changing fuselage leng th Cn , C1" and 
(horizontal tail and ve rtic a l Cy as f( ~ ) 
t a il 4 on) 

--------------------------~-------------

NATIONAL ADVISORY 
COMM ITTEE FOR AERONAUTICS 
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TABLE IV - Concluded 

PRESENTATION OF RESULTS - Concluded 

[FigUre 
+-----+----------_._------------

Description of figure Data 
presented 

14 Effect of changing fuselage length Cnw ' CL w' and 

f (Sc:,: ) 

15 Effect of changing vertical - tail 
area 

16 , Increment of slope of yawing ­
moment coefficient against 
angle of yaw caused by 
vertical - tail area 

17 Effect of changing v rtlcCil - tail 
area 

Cy It as ., 

Cnw ' CL\lr' and 
CYw as f(a) 

Cn , C L , and 
Cy as f(\lJ) 

13 Effect of changes with tail 
constant 

volmne Cnw ' CLw' and 
I CYw 8.S f(u) 

19 

20 

Effect of changes with tail 
constant 

volumelC n , CL, and 
Cy as f(\JJ ) 

Comparison of data from I,angley 
stability and LanGley 7- by 
10 - foot tunnels 

Cnw ' CLw' and 
CYw as f (a ) 

'----~---'------------- ._---------------

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABLE V 

MODEL CON?IGURATIONS HAVING CONSTANT TAIL VOLU~E 

Fuselage 
Tai 1 length l 1 Tai 1 area Sv I 

Short 

.0407 

. 0)~07 

Wi~.:::~ , b I v'in: .. ::::_' ~_rT~~1-vo1umeo~:~::icient, 
If. edi um . 518 I .8786 I 
Long .618 I .0659 I 

~--------------

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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4.83 '-1 .99 

/.60 1 ' 
TAIL 1 

1.28 R 

l~ 
1.78 

TAIL 4 

/I 

1:,\ I: : ''(LONG- FuSELAGE 
I: I, 9.97 
t ;::' MEDIUM FUSELAGE 1 
' 1\ \ /1\\ \ SHORT FUSELAGE 
'11' ,I 178 'I " . "----+---' 

2.0.$ 

II TAIL 5 I 
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I€j{w 
TAIL Z 
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I 6 
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I 
1i55 

Fi g. 1 

A AND BARE QUADRNlTS 
OF SIMILAR ELLIPSES. 
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+ r I ___ -------:.~?"--r-5· 
j - -:-r-------------.=- ------------ -L 

NATIONAL ADVISOtIY 
COMMITI££ fOft AEftON~UTICS 
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I I I: I 
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, / , i/ I , ii, I 
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-29.67 
Zo.07 

10.40 N .87 
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--- V I -
2]8 I I ~ .?:z::- I 

Fi9ure 1.- Rectangular NACA 230/2 win9 in combinafion with 
CIrcular fuselage I verfical and horizon/a/ fails, and 
fOI/ cones· All dimensions given in inches. 
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Figure 2.- Rectangular-Iow-wing model equipped with short fuselage and 
vertical tail 5 mounted for tests in Langley stability tunnel. 
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Fig. 13a NACA ARR No. L5C13a 

.04 

-x· ' LI~ 

-Ll~~i') 
~~ [\\ 0 Sh 

---. )- '+- + M 
""'1 r--c "'+. x L.o ~'\ ~x 

~~, 

" ~~ 
-.02. 

\~~ 
I'\'+-, 

x\ ~ ~~ 
""\ 

\ 
. 

> 
02. 

~ .~X Jbfrc ~ ~ ~.~ 
.~ 

1-')( 

-4- xl~ liP o 

~~ 

.d 
V 

L 
~ NA (ONAl j DVISORY 

COMMIT EE FOR ~ERONAl ~(CS 

~ 
~ 

~ 
-30 -20 -/0 0 10 

Angle oT' yaw , 1r , de!? 

(0) r , 0°. 
Figure IJ . - £f'f'ect of' f'u..reloge length on 

varlotlon or' yawing - /nO/J?6'l7t , roIling - moment, 
and lateral - T'orce coef'ficlenf..r wdh angle of 
yaw M Horizontal TOllond vt?r/lcol fOil 4 on; a, /O.Z; 
rt , 65 Ib/sr; f't . 

-----~-
______ ~~ i 



(-

• 

NACA ARR No, L5C13a 

o 

+ 
x 

-30 -20 -/0 o 10 

Angle or yaw , 71'- , deg 

(b) r , 6°. 
FI9'ure 1.3 . - Cone/tided. 

Fig", 13b 

Shorr 
Medium 
LO/79' 

o 



F i go. 140. NACA ARR No. L5C13a 

o 

-.004 

.002 

Cl?l--

0 

·0/ 

f}lheclrol 
(deg) 

------- 5 
Fuse/aqe O/I7~d,;-a / 

Weg) 

---- 0 o Shorf 
+ Medlu/7? t, X Lon9 
0 Shorl 

~ ~~ 0 M tf?dlul77 
fj, Long' 

~ ~ ~<o--~ 
V 

V ~~ 

~ ~ ~ . 
~ /'" 

..c. /. 
'1( 

~ ~ Line' oT' COnfTQnT 

fol/ vO/{//71e>}0.0407 
"~ 

;., -A--
Oil 

Cl 

JOL. 

'" 

---~ ~ -----ill 

. 

o 
o 
o 
5 
5" 
5" 

Cy~ 
~r$~ 

.~ F-tJ IATIONAl AOVlSO Y 
:1 

0 o .04 .08 

Jv/Jw 

(a) cc 0° , . 

mMfI TlEE F{ ~ AERON uncs 

./2 ./6 

Figure 14 _ -Effect or changing fu se /age 

lengfh on voriaf/on o f latera/-stab/lify 

slopes Cn lj/.1 elY') and C Yv with vert/cal­

ta/I a rea, HOrizontal fail on ; 

Cj,65 Ib/sq ft. 

• j 

I 
I 
I 

I 

J 

I 
I 
I 



- --- ------- .~---~------- --~~--

• 

NACA ARR No. L5C13a Fig. 14b 

el¥ 

CY?J-

billedro/ 
(deg) 

------ 5 

---- 0 

I o :.-

~ 

~ ~ 
~ ~ 
~ .~ 

FlIJe/oge LJlhRtirO'/ 
(de!/) 

o Short 
+ Meo'lum 
x Lon,? 
0 Short 
0 Medium 
A LO/7jl 

~ --"-,,,= 
. """ 

o 
o 
o 
5' 
5" 
5" 

~~ ~~ § ~ ~ 
!lIne or C'on.J'rtJl7r t--o. 

-.(}O4 
tol/ vo/u/77e, 0.0407 ~ 

~ 
.oae 

.r.. ~ UI ..m ~ t::I ~ 

Ci: 

0 
... "I' ... 10 

.0/ 

.----41 ~ -----...-. 
-f ~--f---Y ~ATlONAL ADVISO~Y 

COM. ITIEE F R AERDr AUTICS 
0 

o .04 ·08 ·/2 ./6 

/i!/(/re /4· - Conc/t/decl . 

'----~-~~- -~--- -~ - - - --- -- - ._- -~---



I 

L~ 

o 

Cn1l­

-.002 

.002 

C2'1-

o 
.01 

CY-,f 

~~ -~, ~ ~ 

~ I--+~" II--- .:J 1 ~ ~ 

".." 1--+ J..--+ +- + +---, ki-
r---- _+-

,~ _ 

1 _____ I-- ~-~-f.l x- ~-f--X , ___ ~ 
_ X"r---- ,;;;. -----c "'" I~ ~ / 

_)(-r-- ~ 1 _.-Iot ~ V ..., v 1./ 

--'!'- -;..". -err--- - I J'y- :r ;.; 
--~ I-- -.;. .:. <"> -<.r-------- ~ 
~ ~ ~ 

~ 

-v " .... ~ I. 

..Or 
1 V~rt/c~ 

~ ___ ~ TOIl 

~ ~r-- ~~ "'V 0 Of'f 

~~~~~r---.j ril v~ + I 
+ - -+- ' iii v x 2 

--¥~ :. NATIONI L ADVIS RY 0.3 

- l:l ~ CO~ MITTEE OR AERONAUTIC. <> 4 

- ~""' v ~~~ [;'5 
---.!~- 1.;-' 1 ~ i?--~ Y ~ 

- .... 1-" 
-r-r- ~ 

'" ~ , "'1 • ' ~ "-t-'JI' 

o 
-I£. -B -4 

'-' - ~ _ I 1'-'0 ,-,' ---...:~-.::::::~~~~-

o 4 8 IZ, /6 20 

A179/e or a ttat:k ) (X)) deg 

(0) r, 0°. 

Figure 15.-Effect of changing vertical- tail orea on variation 

of latera/- stability slopes Cnv.' C~ } and CYlp' wit/) angle of 

attacK. Medium -length fuselage V with horizonTal tail,,' qJ 6S /b/sq ft. 

~------ - - - --- ---

I 

"%j 

..... 
oq 

I-' 
Ul 
(» 

z 
» 
(") 

» 
» 
::0 
::0 

z 
o 

L' 
tJl 
(") 
...... 
tN 
Pl 



I l NACA ARR No. L5C13. Fig. 15b 

( . 

t · \{ < 

<. 1< · i · 
r ;> <. :+ ·Ie·· 



Fig. 16 NACA ARR No. L5C13a 
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