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SUMMARY 

Power-off tests were made in the 6 - by 6-foot test 
section of the Lan g ley stability tunne l to determine the 
variation of the static l ateral stability characteristics 
wi th vertical - tail area, fuselage length , ane.. wing dihe ­
dral. Two :t-T ACA 23012 rectang ular wings with rounded tips 
and dihedral angles of 0 0 and 50 were tested alone and 
in comb inati on wi th three circular fuselages of different 
lengths. The wing- fuselage combinations were tested as 
midwing monoplanes with and without a horizontal tail and 
VIi th variations in vertical - tail area . The results are 
presented as curves showing the variation of the static ­
lateral - stability slopes with angle of attack , and the 
rolling-moment, yawinG- moment , and lateral - force coeffi­
cients with angle of yew. 

The results indicated that the wing - fuselage inter­
ference on the slope of the curve of yawing- moment coef­
ficient ag ainst angle of yaw Cnl and on the slope of 

V 
tbe curve of lateral- force coefficient against angle of 
yaw CY\lr was small and remained practically constant 

over the unstalled angle - of- attack range . In the high­
speed fli g ht rang e , the wing - fuselage interference on 
the vertical tai l was small and , in the normal flight 
rang e , was not appreci a bly chang ed by an increase in 
fuselag e l en g th or vertical-tBil are~ for the sizes 
investig ated . 
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2 NACA ARR No. L5C13 

Wi th no verti cal tall, increased fuselage l ength 
caused a negligible change in Cn\jl for the fuselage 

lengths tested. For the complete model, Cn \(! increased 

approximately linea.rly 1] .. i th fuselage length. The 
slopes Cn \(! and CY\jJ increased approximately linearly 

with vertical-tail area. For the system of axes used, 
the slope of the curve of rol li ng- moment coefficient 
agai.nst angle of yaw C7,\1I increased with vertical-tail 

area at negati ve and swa ll pos1..ti ve angles of attack but 
decreased at large posi ti ve angle s of attack . The results 
also lndicated that i ncreased dihedral angle slightly 
decreased the rate of change of Cn with vertic a l-tail 
area but had a ne g li gi ble effect on'v the rate of chang e 
of Cn \(! \']i th fuse lage l ength . An appreciable increase 

in Cn\jJ was caused by the end-plate effec t of the 
horizontal tail on the vertical tail. 

INTRODUCTION 

The trend t.oward greater speed and hi gher ·wing loadi ngs 
and the increased consciousness of the importance of 
satisfactory flying qualities have resulted in additional 
attention being gi ven to handling characteri stics in air·· 
plane design . Mathematical equations and convenient 
charts for predicting the lateral stabi l ity characteristics 
are g i ven in reference 1. In order to use this materi al ~ 
however, it is neces sary to know the stabjlity derivatives, 
wh 5_ ch vary wi th each airplane confi gu ration. A serie s of 
in~resti gations has therefore been undertaken in the 
LB..!lg ley stabi li ty tunnel to determine the varlation of 
both the stati c-s tabili ty and rotary-stabili ty slopes wi th 
vari ous ai rplnne parameters. 

The present. investigation is R continuation of the 
investigat ion described in re fe rence 2 except that, for 
the -cresent tests , tbe fuselage was equipped wi th a 
rect angUlar vd ng in the midposi ti on. The purpose of the 
inve st igati on, ~.':J.ich wao comlucted in the b- by 6-foo t 
test s e ction of' the Langley st£.bil5.ty tunnel, was to 
determine experimentally tbe e ffect, with tbe propeller 
off, of vertical-tail area, fuselage leng th, wing dihedral, 
interference, and the presel1ce of the horlzontal tail on 

, 
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the static lateral stability characteristics . ft geomet ­
rically simi l ar mode l has been te s ted in the Langley 7- by 
10 - foot tunne l (reference 3) and the data may be used to 
correla te the results in the two tunnels . 

Tests were made of a model that had dimensions pro ­
portional to those of the average airplane. The ratios 
of fuselage length to wlng span and of vertical-tail 
area to wing area investiga t ed we r e taken t o b r acket the 
range co~~only used on present - day airp l anes . 

APPARATUS AND MODEL 

The tests were made in the 6 - by 6 - foot closed­
throat test section (adjusted for straight flow) of the 
Lang ley stability tunnel. 

A three - view drawing of the model tested , which was 
constructed of laminated mahogany, is given in figure 1. 
Figure 2 shows the model mounted on the thr ee support 
struts for tests in the tunnel. 

The two rectangular wings used for the tests have 
dihedral ang les of 0 0 and 5° ru1d, in e l evation, the 
maximum upper - surface section ordinates are in one plane . 
Each has an 8spect ratio of 6 . 4 and an area of 361 square 
inches , which includes the portion inside the fuselage . 
The NACA 23012 profile is maintained a l ong the entire 
span. 

The fuselage is of circular cross section and was 
constructed as described in reference 2. Its dimensions 
are presented in table T . With the shortest tail cone 
attached , the fuselage is geometrically similar to that 
of reference 3. 

Five j.nterchangeable vertical tails and the horizontal 
tail were made to the NACA 0009 section (fig . 1) . Their 
dimensions are presented in table II. 

TESTS 

The wings with dihedral angles of 0 0 and 50 were 
tested alone a t angles of yaw of -50 and 50 over an 
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angle - of - attack rang e from -100 to 200 . The model combina­
tions tested are shown in table III . IIf.ode l combinations 
were tested at angles of yaw of -50, 0 0 , and 50 over an 
angle - of-attack range from -100 to 200 and at ang l es of 
attack of - 0 . 2 0 and 10 .3 0 over an angle -of-yaw range 
from - 300 to 120 . 

Tests in which the ang l e of attack was varied were 
run at a dynamic pressure of 65 pounds per square foot, 
which corresDonds to a Reyno l ds number of approximately 
888 , 000 based on an 8 - inch wing chord. Tests in which 
the &'1.g1e of yaw was varied were run at a dynamic pressur e 
of 65 pOlmds per square foot at an ang l e of attac£ of - 0 . 2 0 

and at ho pocmds per square foot , which corresponds to 
a Reynolds number of about 51~.6 , 000 , at an angle of attacl{ 
of 10.3 ° to minimize the possibility of compressibility 
effects at l arge angles of attack . 

The rolling - moment data are not presented for a few 
tests, because the tare readings were inconsistent . 

PRESE tTTATION OF DA'TA 

The results of the tests are preser,ted in standard 
NACA coeffic ients of forces and moments . Rolling - moment 
a..Yld yawing- momen t coeff:.cien t s are given about the center­
of - g ravity l ocation shown in figure 1 . The data are 
referred to the stability axes , which are a system of 
axes having their ori gin at the center of gravity and in 
which the Z- ayis is in t.he plane of symmet r y and. perpen­
di cular to the relati ve wind, the X- ax). sis in the p l ane 
of synnJ1etry and perpendicular to the Z- axis , and the 
y - axis is perpendicul ar to the plane of symmetry . 

The coefficients and symbols used are defined as 
f ol lo·lN s ; 

CL li ft coeffl cien t (L/qSw) 

CD drag coeffi cient (D/qSw) 

Cy lateral - force coefficient (y/qSw) 

CYw 

C"l, 

slope of curve of lateral-force coefficient 
agains t ang le of yaw (oCy/o w) 

r olling - momen t coeffl ci ent (1' /qbSw) 

--- . - _ . --- - ----- - ----_ ._-- ~ 
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CL\jJ 

Cn 

Cn\v 

61 

62 

LS V 

bSw 

D 

Y 

L 

N 

L' 

slope of curve of rolling-moment c0efficient 
against angle of y9.W (O CL/C\jJ) 

yav.ring-momel1 t, c oeffj cien t ( N/qbSw) 

slope of curve of yawing-mo~ent coefficient 
against angle of yaw (OCy/OW) 

increment of Cn\jJ 
interference 

or CY\jJ caused by wing-fuselage 

increment of Cn or C~ caused by wing- fuselage 
interference ~n verticil tail 

tail-volume coefficient 

force along x - axis; positive when directed downstream 

force along y- axis; positive when directed to the 
ri ght 

force along Z- axis; positive when directed up~ard 

yawing moment about Z- 3.xis; positive when tends t:) 
retard ri ght wing 

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

q dynamic pressure G}pv2) 

V free - stream velocity 

p mass density of ai r 

Sw wing area (2.507 sq ft) 

b wing span (4 ft) 

r dihedral angle , degrees 

L tail length; measured from center of gravity, which 
is assumed to be 10.40 inches behind nose of 
model on center line of fuselage , to hinge line 
of tai 1 surface 

"j 
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Sv vertical - tail aran 

a ang l e of att&ck , degrees 

~ angle of yaw, degrees 

The static -lateral - stablJity slopes Cn~ ' Cl~J 

and Cy~ were ob t lll ned fr'om data measu red at ~ = ±5° 

since the yaw tests sho'Ned that the coefficients had an 
approximatel6" linear varj ation in the range 0 l' angle of yaw 
from5° to - 5 . In order to indicate the validity of this 
procedure, the e, lopes obtained from y&W tests at ~ = 0 0 

are plott ed with tai l ed symbols in the fi t ures. 

The accuracy of Cn ' C" and Cy was determlned v __ 
experiment a lly to be abou t ± 0 . 0005 , t o . 0003 , and 
±0 . 001, respectively , at a dynamic pressure of 65 pounds 
per square foot . The average experimental accuracy of 
iJn~' Cz'w ' and Cy~ is about ±0 . 00010 , ±0 . i)00 16 , 

and ±0 . 0002 , respectively. The accuracies of the ang l e ­
of- a ttacv and ang l e - of - yaw rr.easurements are about 0 .10 

and 0 . 05° , respectively . 

Angle of attac~ and dra2 coefficient were corrected 
for tunne l-wall effect by the fo llowing formul as: 

b,a 

where 

Sw 
= 57 · 301j1' -- CT = O. 609CL C --' 

lICD 
Sw 2_ 

~ ° - CT -- Vi C -'--' 0.0106c,.2 
.LJ 

(deg) 

Ow jet - boundar y correction factor a t wing (0 .1 525 ) 

C c r oss - sectional area of tunnel (36 sq ft) 

Both correct ions are arldi ti ve . No jet - boundary correc­
tions we r e applied to Cz" Cn , and Cy . The correction 
to Cy is within the experimenta l error , lJvhereas the 
corrections to Cn and CJ., woul d be subtractive and 
equa l to about 1 percent . 
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The C1 and CD data were corrected for the support ­

strut effect ; no corrections were app lied to CY' CL ' 

or Cn since previous results indicated the magnitude 
of these corrections to be small for this model and support 
s yst em. 

The values of 61 and 62 for C
nw 

for the model 
without wing fillets were obtained by the foll owing 
formulas~ 

6fn ,=Cn -~n +Cn \ 
\if Wwing - fuselage c ombinati on \ Wwing Wfuselage) 

6 2 Cn = Cn - ( Cn 
W Wcomp l ete model \ Wwing 

+ Cn + 6 1 C ~ W n, 
fuselage with hor. and vert. tails on ~ 

The values of 6 1 and 62 for CY\jJ may be obtained in 

the same manner . The method used to obt ain 6 1 and 62 is 

the same as that of reference h. The following formula 
(by which the value of Cn for the complete model is 

obtained) is an example ofWthe application of the inc r e ­
ments 61 and 62 : 

Cn = Cn + Cn 
\jJ Wwing Wfuselage with hor. and vert. tails on 

+ 6 C + 62 Cn ,II 1 n\jJ 'i' 

The interference between the fus e l age and vertical 
tatl and the interference between the fuselage and 
horizontal tai l were not de t e r mined . 

1i ft-coeffi ci ent and drag - coeffi cient data for 
representative model configurations are shown in figure 3. 
The lateral-stability slopes Cn\jJ and Cyw for the wing 
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are present ed in figure ~. . The data presented in the 
figures are summar'L zed in table IV. 

DISCUSSION 

The static - la t eral- stabllity s lopes C and Cy n\jl \jI 
remained practically constant over the unstalled angle ­
of - ettack ranee (figs . 9 to 13, 15, and 16 ). 1nth the 
system of axes .used , the center of pressure of the vert ical 
tail varied with respect to the X- axis . At negative and 
small positive angles of attack , the center of pressure 
was above the X- axis and , therefore, the side force on 
the vertical tail caused p positive increment of Cl\jl ' 

The oPPosite was true at large positive angles of attacK, 
since the center of preGsure of the vertical tail was 
below the X- axis . 

The jags in the cur ves of lateral - fo r ce , rol ling ­
moment , and yawing - rroment coefficients noted in figures 8, 
13 , 16 , and 18 can probably be attributed t o vertical­
tail stalling . 

Interference Effects 

The increrr:.ents caused by vling - fuse18ge inter-ferenc e III 
and by wing- fuselage "interference on the vertical tai l 112:.. 
were computed by the equations previously given . The 
fusela8e data (with and without tai l surfaces) used in 
the se computati ons were taken from reference 2 . The 
other data were obtained from the present investigation . 

The magnitudes of 61Cnw and 61CY\jI are smal l and 

remained practically constant over the unstal led angl e ­
of - attac~ range (fjg . 5) . The change in the magnitude 
of these quantities with fuselage length was wi t hin the 
ex.perimental accur acy for the fuselage lengths tested . 

Both 62Cn\jl and 11 2CY\jI varied aopreciably wi t h 

ang l e of att ack but their magnitudes were smal l in the 
high- speed flight range . (See fi

t
g . 6 . ) , Feplacing 

vertical tail 2 by vert:i.cal tail 1. (a [,.b - percent 
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inc r ease in area) only sJightly changed t h e masni tuo.e of 
t hese quantities in th3 normal f li ght runge . As indicated 
by previ ous experi ment a l da ta (reference 4) , the varia­
tion of 62 Cn and 62 Cv with the fuselage l eng ths 

~r - \jJ 
tested was genera lly small in the normal flight range . 

Effect of Horizontal Tail 

Theory indicates that the presence of the horizont a l 
t a il increases the effective aSDect ratio of the vertic a l 
t ai l and thus increases C a~d Cy (reference 5). 

n\jl \jI 

A pronounc ed increase in these quantities was obtained 
in the presen t inves tigat ion by th e a ddition of the 
ho ri zan tal t a i 1. Thi s inc re as e dimini she d s omewha t wi th 
a posi t i ve increase in a ng le of attack. (See figs. 7 
and 8.) A correlation of the results of previous airfoi l 
tests in the Lang ley st ability tunnel indicates a value 
of 0.105 for the section li f t-curve slope o f an 
NACA 0009 airfoil. By substituting this value for the 
the ore tic a l sec tion lift-curve s lope of 0.109 in equa ­
tion (4) of r e ference 6 and by the use of figure 5 in 
reference 5, B.n incremental increase in Cy of 0.0010 was 

\jI 
computed for the end- p l a te effec t of the horizontal tail 
on vertical t ai l 4. An average experimental increment 
of 0 . 0010 was obtained f or the model with a dihedr a l 
angle of 0 0 and 0.0015 for t he mode l with a dihedral angle 
of 50 The end - p l ate effect of the horizontal tail 
on CL\jJ amount ed to a b out 1 0 of effec tive dihedral. 

Wi th the verti ca l tail off, the magni tude of the 
static-lateral -stability slope s was not appreci ab l y 
affected b y the addition of the horizontal tail. (See 
fi gs . 9 and 11.) 

Effect of Changes in Fuselage Length 

Withi n the sco pe of the present investig ation , a 
negligib l e increase in Cn\jJ was obt a ined by increasing 

the fuselage length for the mode l with no ve rtic a l t a il. 
(See figs. 9 to 11.) For the complete mo del equipped 
with v e rtical t ail 4, the i ncrease in Cn wi th f uselage 

\jt 



, 

10 NACA ARR No . L5C13 

length was approx~mately linear and fairly 
the unstalleG. angle - of-8.ttacK range . (see 
The va~iatiQn in Oz. and Cy was small 

\jJ - w 

constant over 
f.Lgs . 12 to I h. ) 
both with and 

without a ve rtical tail for the fuselae;e lengths tested . 

Effect of Chances in Vertical - Tail Area 

The increases in On and Cy with vertical- tail 
\jJ -\jJ 

area were anproxillJately l ine~n" and the lTJBgni. tudes we r e 
nearly const i:int over the unstalled angle - of - attack range . 
(See fi gs. Ih to 16.) AS woul d be expected , at negative 
and srra] 1 Dositive angles of 8.tt'3.ck, 01, increased with 

\jJ 
vertical - tR.il a r ea whereas, at large positive angles of 
attac lr~ C1 decre ased 1Ni. th inc!'e8.sed. vertical - tntl (;\lJ 
ar ea . 

Effect of Changes with Constant Tail Vo l ume 

In fi~ures 17 and 18 the result of changing the 
f uselage lengt h and vertical - tail a r ea in such a manne r 
as to hold the tai l volume constant is shown . 'rhe configu­
rations te s ted in which the tail volume remained constant 
are shown in t able V. Da ta from f1 gures 17 ond 18 a r e 
c r oss··plotted 1:1 figure~ . All the vertical tails tested 
had ill1 asdect ratio of 2 . 15 . 

The slope 0"1.1' should remain approximate l y the 
same ·wi th constanr\!.:to.il vo l ume . Tbe sme.ll experiment al 
variation is possib l y caused by interference or might be 
explained by the arbi trary nanner in which the tai 1-
vo l ume c03f'ficient was defined . 

The values of 01, and Cv are dependen t mainl y 
1jJ . 1jJ 

on vertical- tail area and are practicall y independent of 
t ail length (fig . 14) . For the range of variations giving 
const ant cai 1 volurre , the change in C 1,\jJ was not more 
than about 0 . 0002 , which is equivalent to abou t 10 of 
effecti ve dihedra l. 

~ _ _ _ ~J 
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Effect of Changes in Dihedral 

The slope C
Yw 

generally was slightly greater 

for r = 50 than for r = 0 0 . (See flgs. 9 to 13, 15, 
and 16.) Wi th the verti.cal tail off, the chang e 
in C

nw 
with dihedral angle was insignificant (figs. 9 

to 11) but, with the vertical tail on, Cn1jJ was slightly 

l arge r for r = 0 0 than for r = 50 (figs. 12 t o 16). 
Figure 14 shows t hat i.ncreased dihedral angle sli ghtly 
decreased the rate of change of Cn1jJ with vertical-tail 

area but had a ne g ligib le effect on the rate of change 
of C

nw 
wi th fuselage l eng th. 

The chang e with dihedral angle of wing-fuselage 
interference and wing-fuselage i nterference on the vertical 
tai 1 was small. 

Comparison of Data from Lang ley 7- by 10-Foot 

and Lang ley Stability Tunnels 

~he mode l tested in the Langley stability tunnel 
is 0.8 as l arg e and geome tric a lly similar to the one 
tested in the Lang ley 7- by 10-foot tunnel for the 
inveJtiga t io n of reference 3. rrhe test Reynolds number, 
bas 8cl on the wi n g chord, was about 619,000 for the 
L&n [:ley 7- by 10-foot tunnel compared with a bout 
888,000 for the Lang ley stability tunnel. The effective 
Reynolds number, however, was about the sarre since the 
turbu~ence factor for the Lan~ley 7- by 10-foot tunne l 
is l. b compared with l ess than 1.1 for the Lang l ey stability 
tunnel. Data taken from r efe ren ce 3 were converted to 
the st abi l ity axes and the Mlgl e of a ttac k was corrected 
for tunnel-wall effect in order to make th e data comparable 
wi th data f rom the Lang l ey stabill ty tunnel. Figure 19 
s hows that satisfactory agreement was obtained for all 
three static-lateral-stability slopes. In both tunnels 
the model, when yawed, tended to r oll vio l e ntly at the 
s tall. 

CONCLUSIO NS 

The results of t ests of a model consisting of a 
rectangular nudwing on a circular fuselage with variations 
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in vertical-tail erea and fuse l age l ength wi th and with­
out a horizontal tail indicated , for the r·:.mge of con­
figurations tested , the following conc l usions : 

1 . The wing-fuselage interference on the slope of 
the curve of ~awing -mome nt coefficient against angl e of 
yaw Cn\ll and the s lope of the curve of l ateral- force 

coefficient agaInst ang le of yaw Cy wes sma ll and 
\IJ 

remained p r ac tic a lly constant over the unstalled angle -
of- at t ack ranEe . In the high- speed fli ght range , the 
wing - fus e l age interferenc e on the vertical t.ai 1 was 
s m8.11 and , in the rlormal flight range , vias not appreciably 
changed by fuselage l ength or by an inc rease of about 
48 percent in vertical-tail area . 

2 . The end - p l a te effect of the horiz ont a l t ail on 
t he vertical te.il appre c iably incre ased Cn \!! and CY'l! ' 

Good agreemen t was obto.ined betwe~m experimental and 
computed values of CYw' 

3. Increasing the fuselage l ength ~ith no vertic al 
t ai l resulted in a negligib l e change in Cn for the 

\IJ 
mode l, both with and without a h orizontal t ai l. For the 
complete mode l, the increase in Cn\IJ wa s approxima t e l y 

line ar wi th fuselage l ength. 'ThE. c hange s in the slope 
of the curve of rol lin g - mom ent coeffici ent against ang l e 
of yaw CL\II and in CY\jJ vi th fuselage l eng th were 

small. 

4. The increas e s in Cn and C"I{ wi th vertic a l-
\II - \II 

tai 1 area were approxirr ate 1y line a r . Fo r the sys t. em 
of axes used , an increase in vert ical- tai l area increased 
0 1 at. negat.i v e and smal l positive angles of attack but the u\II ' 
opposite was true a t large positive ang le s of at t a c k . 

5. : ncreased eli hedr8.1 ant l e s li Gh tlJ~ decreased t he 
rate of chanc e of Cn 'l with vert i c a l-tail !;.'.rea but had 

- '!f 
a neglirrible effe ct. on the r r.-;t.e of CD2fc,£ e of r)n wi t h 

......, '-J ......, \f.r 
fusela ge l ength . 

Lan~ley ~' e~orial Aeronautic a l Lab oratory 
'l\Ta t i onal Ad vi S ory Commi t t.e e f o r AerQnau ti cs 

Langley }~e ld , Va . 
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TABLE I 

F'USELAGE DITh3NSIO NS 

Fuselage Tai I-cone Tai 1 length, L Tall l ength 1.. 
Fuselage length leng th ( . ) ,In. , 

( i n . ) (in. ) 'lVing span b 

Short 32.25 9 ·85 20 .07 0·418 

r'iiedi UJ."TI 37·05 lL~. 65 24 · 67 ·518 

Long 41. 85 19·45 29 . 67 .618 

TABLE II 

'JlAI L- SURFACE DI l\ffi l'TSI 0 :ITS 

Tail Ta i l area I 
surface Desi gnation (sq in. ) Tail area Aspect 

( 1 ) Wing area ratio 

Vertical 1 10.83 0 . 0300 2.15 

Dn--- 2 23 . 78 .0659 2.15 

Do--- 3 28 . 37 .0786 2.15 

Do--- 4 35 . 16 .0974 2.15 

D0--- 5 L~6 . 20 .1280 2 . 15 

Horizontal ----------- 64.21 .178 3 ·99 I 

I 

1A:rea meas ured fr'om r oot chord at cen ter line of fuselage . 

NATIONAL ADVISORY 
CO FMI TTEE FOR AEPONAUTICS 
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Hori zontal 
tail 

On 

Off 

--- ~- --" ----

\T,~ " ,i A',- ,.., ",I LL:;C'j ', .I: . ,; u ..:. ~_"\l\. J.O . .J--.J 

TABLE III 

MODEL CO MBINATIONS TESTED 

IS = 0° and 5°J 

Vertical 
Fuselag e Variable tail 

Off 

1 
,---

2 Sh ort, 
medi urr., a 

3 and long 

L+. 

5 

2 

4 
Long 

'v 
3 

Medium 
4 
4 

Short 
Off 

Off Long a and \jJ 

L~ Sh ort 
'----- -- --- --- - --

--- " --- ,"----

NATIO NAL ADVISORY 
CO MlI1ITTEE FOR AERONAUTICS 
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". 

NAOA ARR No . L5013 16 

Fi gure 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE IV 

PIESE NTATION OF RE SULTS 

Descri ption of figure 

1Jif t and drEg c u rve s for repre­
sentative model confi gurati on 

Slope of yawing - rroment and 
l ate r al - force coefficients for 
NACA 23012 rectangular wing 

Effect of wing-fuse l age inter­
ference 

Effect of wing-fuse lage inter­
ference on vertical t ail 

End- p late effe c t of horizontal 
tai l 

End - ~ lat e effect of horizontal 
t ail 

Ef fe ct of chans i n g fuselage 
l en g th (no tai l sur faces) 

Eff e ct of changing fuse l age l eng th 
(n o t a il s u r f aces) 

CL 

Data 
pre sent ed 

and 
CD as f(a) 

Cnl and 
L '1/ 

0Y$ as f(a ) 

6.1 Cn$ and 

6ICY$ a s f(a) 

6. 2 Cn$ and 
6. 2C

Yw 
as f(a) 

Cn$' C1$' and 

Cy $ as f( a ) 

Cn ' C 7,' and 
Cy as f(w) 

Cn\lr ' C 1$ ' and 
CY$ as f(a) 

Cn , C l' and 
Cy as f(w) 

11 IEf fe ct?f changin~ fusel age ~ength Cnw ' Clw and 
(hor~ zontal tall on; vertlcal C f( a) 
t a i l off) Yw as 

12 IEffect of changing fusel age l eng th Cnw ' Cl $' and 
(horizontal tai l and vertical C f(a) 

13 

tai l 4 on ) Yw as 

Effect of ch ang ing fu~elage l e ngth lCn ' CL , &nd 
(horizont ql tai l and v e rt i c a l C as f(~ ) 

......\._---.tJai 1.. -4-2llL _ ... _ _. _ . __ . ~ . ~_ _. __ -----'-';;" 

NA'l'IO tTAL ADVISORY 
COM~~rrTEE FOP AERONAUTICS 
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TABLE IV - Concluded 

PHESKYTATIJ H OF R:~Sl~.e s - Concluded 

IF;gur~ Description of f~3u~e I Data I 
-L present~d 

14 I Effec t . of cha::lI~ ins fU~e1 dge ~~ngthl Cn~ 01 ~ and 
J - ,I f ,If Q' ~ 

15 

16 

Effect of cha:a Ging vertlc r.::. l - tai 1 
area 

Effe ct of changing vertical-ta il 
are a 

" r' ,:Jv 
CYI)r , as f :Sw I 

f"\ 1"'1 

vn,:/ \.11, \V' and 

CY\jJ as f(a) 

Cn , C1" and 

Cy as f('V) 

17 I Bffec t of change s with tail vo1urnelCnl ' C1,'Ij!' and 
constant I CW f( ) 

Y\jJ as a 

18 i Effect of ch&nges with t9.il vOlumelcn' C1, and 
constant Cy as f(\jJ) 

19 ! Comparison of da ta fr om Ldngley ,. l s tab ility an.d Langley 7 - b y 
C n\l' CL \jJ ' a.nd 

CY\jJ as f ( a ) lO-foot bwnels 

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

FilTIONAL ADVISORY 
CmmIITTEE FOR AERONAUTICS 
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TABLE V 

MODEL CO:NFIGURATIONS HAVIr:G CONSTAFT TAIL VOLUME 

~rtical ! I Tail l ength 
+-a'l I Fuse l age 
u l I Wing span 

I 
I 

4 
I 

Short 0·418 I 
3 Medium I . 518 I 

____ 2 J:O~ .618 

I 
L ! Tail area S v LS , -- Tail - volume coefficient, v 
b Wlng area Sw bSw 

T 0 ,0974 

,0786 

L ,06 59 

0. 0407 

,0407 

. 0)+07 

--- --

NA rrr 0 Jl,TAL ADVI so RY 
COMMI TTEE FOR AERONAUTI CS 

t.z: 
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5; 
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Vl 
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I-' 
C:) 
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TAIL 3 

1.15R ~.7IR 
4.83 -1 .99 

I. GO L 3.38 

TAIL ( 

1.28 R 

1.18 

TAIL 4-

Fi g. 1 

/~\ 
"1:' 
:ll:'.,LONC FUSELAGE 
:::, 997 
: :1: ', MEDIUM FUS£LAG£:'li: 205 
I I~\ • : !~i{:-\I SHORT FUSELAGE '. 
:,' ill \ I /78 " ." , r . , .. : \ 
, " I 

--r-
, 

--+--

TA IL S 

fd}
.05 R 

7.·

l
/5 ~ 1.47 

';5.01 . 

TAIL 2 

A AND B ARE QUADRANTS 
OF SIMILAR £:LLlPSES 

I . 48 II ' 1 

~-=-~----

[:;~:o 

---';:lT
S

' ---
----.l ~~~~:~~~~~~~~~;> cr-=- 1 __ - ---

29.6 7 ____ ,'1 
20.07 

24.87 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure t . - Recfangular NACA 23012 wing in ca/nDinaliol7 with 
circular fuselage J vertical and horizontal tails , and 
fOI! cones . All dimensions qlVen in Inches . 
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Figure 2.- Rectangular-midwing model equipped with shor t fus elage and 
vertical tail 5 mounted for t e s t s in Langley stabili t y tunnel. 
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