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NATIONAL ADV I SORY COMM I TTEE FOR AERONAUTICS 

ADVA NCE RESTRICTED REPORT 

FREE-FLIGHT - TUNNEL INVESTIGATIO) OF rH~ EFF~CT 

OF THE FUSELAGE LENGTH AND THE ASPEC T RATIO 

AND SIZE OF THE VERTICAL TAIL ON 

LATERAL STABILITY A:n CONT ROL 

By ~osep~ A. Shortal and John W. Draper 

SU MM ARY 

Tests have been made in the flA CA free-flight tunnel 
to determine the effec t of the fuselage le ng t h and t he 
aspec t ratio and s ize of t he v erti cal ta il on l ate ral 
stability and control. Fus e lages of two diff e rent l ength s 
and various vertical tail surfaces were us ed on a powered 
model in the inv e sti ga tion . Both fli gh t and force t ests 
Tere made . 

The tests in d ic ate d that a deficienty of tail area 
could not be overcome by an increase in fuselage len g th 
because the unstable moment of the fuse lage as ~el l as 
t he tail effectiveness incr ea sed directly wi t h t he tail 
l ength . With a ~ositive de g ree of d ir o ctional stability , 
however, an increase in tail len gth provided incr eased 
stability. An increase in tho asplct ratio of th ~ verti­
cal tail from 1.00 to 2 . 28 incroased tho tail effect iv o­
ness by 67 p ~ rc e~t . Po ~e r had a stabilizing effec t on 
directional stability for sing l e vertical tails ; whereas 
a des t ab ilizing effo ct was observed for t win tails. 
Dorsal fins improved the directional stability at large 
angles of yaw . 

I NT RODUCTION 

The demand for increased performance of pursuit a ir­
planes has made it imperative t hat the tail surfaces be 
restricted to the minimlm areas required for sat iofact ory 
d ir e ctional stability and control. On e possib le means of 
compensating for a reduction in tail size is to le ng t hen 
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the f ns e l age . I n o rde r to pr ovi d e d a t a o n th e po s sible 
r e ductio ns i n t a il a?e a wit h an i n cr ea s ed t a il l e n g t h , 
t e sts hav e b ee n ma de i n t he NACA fr ee - fli g h t tun ne l o f 
fus e lage s of t wo dif fe rent l engt h s o n a 1 / 10- s c a l e , 
d y n am ic, p owe r a d mod e l of a typ ic a l purs u it airpl a n o . 
The l on g f u sela ~ e incorp or a ted some a dd ition al d rag ­
reduc in g fea tur es : ~h e e ng i n e co wli ng was en l a r g ed t o 
acco mmoda te the atix ili a ry cooli ng duct s a~d t he mean 
li n e of t h e fu s ela g e "ra s J:1o d ifie d. . The nos e o f th e fus elage 
was e xt en ed s ome wha t to ma i n tai n t h e o ri g inal loc a tion 
of t he c eu t e r o f g r a vit y . 

I n th e i n~ e sti gat i o n , t h e l a ter a l - st a bilit y an d 
l a t e r a l - co ~trol c ha r a c te ristics of t he mod e l i n f li gh t 
in t he tunn e l we r e de t e r min e d wi th b oth fus el age l eng ths 
fo r f our si ng l e vc rti cu l ta ils wit h t wo d i f f e r en t a r ea s ~ 

a nd t wo a s pe ct r a tios . Dor s a l fi n s we r e ad d od to t wo 
of t ho:J t a il s . T ~1. e fli gh t t 0S tS fo r e supp l em ent dd b y 
force test s on th e eiA-c ompon e nt b a l ance in t he same 
t u n n e l . I n ~d d ition , forc e t e sts we re made wit h a t win 
t a il h a vin g t h e s am e tota l a rea and t h e s a~e a s pe ct ratio 
as the l a r g e st si ng le t a il . 

SYMB OLS AND COEFFICIE NT S 

lift coefficien t 

dra g coefficie n t 

( L/ qS ) 

( DI ti S ) 

0 t roll i n g- m omen~ co e fficient ( L/ qb S) 

Om pi t c h i n g - momen t c o e f f i c i en t ( M/qc 'S) 

Cy later~l-for c e co e ffi c i e nt (y/qs ) 

y a win g -mo ment co e ffici e nt 

"he re 

L lift; rolli n g momen t 

D d r ag 

M p itc h ing m o ~en t 

y l ater ~ l for c e 

N y a win g momen t 

I 
_ , J 
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and 

q dynamic pressure 

dynam ic pressure at t ail location 

p den~ity of a ir , slug per cubic foot 

V airspeed , feet p e r second 

S model win g ~r e~ , square fee t 

St vertical tail a rea, square f ee t 

model win~ sp n , fa e t 

c RV Dr age model w in g chord, feet 

thrust disk-l oading coefficiont 

T thrust , pounds 

D di a moto r of mod el propeller , fact 

~ torquG, p ound-f ~o t 

torquo co af fici on t 

aT ang l o of a ttack of thrust lino, do g roos 

8 f flap deflection , degrees 

$ angle of yaw of model , degrees 

m slope of lift curve per radian 

t tail len g th fro m center of g r avit~ to rudder h i nge 
line, feet 

A aspect r~tio 

"t tail eff ici en c y factor 

rate of ch ~nge of yaYing - moment coefficient with 
angle of sideslip in radians (dO n/d~ ) 

~ an g le of sideslip , de ~rees 

'. 
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Al l forces and moments are giv e n with respect to 
the stability ax~s . 

APPARATUS 

Vl'ind Tun n e l 

Th o o.etails ana_ tho o :re r ~. tion of th o KACA free - flight 
tunnol ar a describe d in r a fer once 1 . Dyn a mic models may 
be flown in the tunnel un d er th ~ remote control of a pilot 
seat e d b o low tho t J st s e ction . Th e p ilot obs o rves the 
stability a nd control c ~a r a ct o ristics o f t ~e mo de l wh ile 
attemptin ~ to fly it ~ lo~ b a fix e d cours e . The pilot's 
observations ar e suppl o mont o d by motion - p icture r e cord§ 
of t h e modol L fli g ht . A photo g r a~p' h of tho mo d.o l as 
tastod in fli g ht is s h own in fi g ur0 1 . 

Ba lance 

The six- component b a l a nce is l o cated o ~ to p of t h e 
tun~el test section a s shown in fi g ure 2 . A removabl e 
strut i s used to att a ch t h e mo d el to t h e b a lan ce . 

A diag rammatic sketch of t h e b a l a nce p roper is pre ­
sent e d as fi gure 3 . Th e linkage of t h e bal e nce is a rr ang ed 
to g ive the mo ments directly wit h re s pect to a p oint loc a t e d 
wit h in the model . The an g lesof attack and y aw ma y be vari e d 
during t h e oper ~ tion of the balance . The entir e balan ce 
rotat e s with the modal in yaw making the b a l a nce a xes coin­
cide with the stability axes of t he mo d el . 

De tails of a t y pic a l b a l a nce-b eam ins tall a tion a -o 
shofn in fi g ure 4 . Three t ypes o f kn i fa o d g o a r a us ed : 
emery . block , and music wir e . The forces r>.. r n m{"n u 3. lly 
balanced f ith unit we i ghts a nd a slidin g ri d ar . Con ta ct 
points at the e nd of t he b o~m i n dicate ~~ out-of - b n l a nca 
condition by li g hting neon l a mps in the circuit . 

A photograph of the mo d el mounted o n t h e balanc e 
strut is g iven as fi gure 5 . 

Model 

The model used in t he inv e s t i g ation w ~ s a l/IO- s cale 
dynamic mo d el of t h e Re p ublic XP-4l airplane . A three -

'. 
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vi e w drawin g of t he model sho v in g h ow the ori g inal fuse ­
l a~e was modi f ied to form t he l o n g fusel ag e is g i ven as 
fi g ure 6 . The mo de l was constructe d chiefly o f bal s a 
wi th spruce reinforcem ent s . The fuselage ~a s holl ow an d 
co ~ t a in G d th e control - op e rat i n g me chan is ms and a 3/4-
horsopower e lectric motor conn e cted diractl y t o a 13-inch 
pro pe l1 0 r . 

Three - qua r t e r - f r ont and sid a vi ow s of t ho mo del with 
t ho no rmal fus e la ge ara g iv e n as fi gur a 7 ; wit h th o lon g 
fus e lage , as f i gure 8 . 

Th e mass and d i mens iona l c ha r a ct 0 ris t ics of tho a i r ­
p l ane r oprescn t c d by th e l/lO - s c al e mod e l a r e g iven i n 
t ho fo ll owing t a ble : 

Weight , pounds . . 
Moments of i ner tia , s l u g -f e et 2 

IX 
Iy 
I Z 

Sp a n, fee t . . . 
V{ in g area , square fee t. • • 
Win b load ing, pounds p e r square foot . 

. .. . . 

6770 

3 3 90 
5309 

•• 795 3 
•• 36 

• 223 .7 
30 . 3 

As pe ct r a tio • •• • • 5.8 
7 4 . 6 M.A.C ., inches . 

Horiz onta l tail area , squa re feet 
Brake horsepower 

. . . . 54 . 0 
17 5 0 

The horizontal tail o n th e model wa s 30 per cent lar g er t ha n 
the h orizon t al ta il spe cified for t he ori g i na l a ir p l ane . 
The various vertical ta ils used in the i nvestiga tio n a re 
shown in figures 9 to 11 . The dimensional c haract e ristics 
of these tails and the tail l en~ ths u s ed , me asured f rom the 
cent e r of g r avi t y to t he rudder h in ge lin e , a r e i n cluded i n 
table 1. 

TESTS AND RESULTS 

Test Oondi tions 

All t he t es ts we re mnde wit h th e center 
26.4 pe rce n t of t he mean ae rody &am ic chor d . 
g ear was ex te nde d for a l l t e st s . 

of E;; ravit y a t 
2.' he l and i ng 
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Fli gh t Tests 

I n the fli gh t tests the e l evator - trim settin g 1as 
varied ov r a range sufficient to cover the airspeed 
ran go of t he model . Altho ugh the stability and control 
cha ract e ristics of tho mode l wore not a d at Ja ch a irs p o ed , 
partic l a r attention was ~ iven the low- speed co nd itions . 
The folloTing procedure was follo wed and r a ti ngs for eac h 
c ond ition we re assigned by t he pilot : 

( a ) The geu e ra l stability c ha racteristics were 
determined by noting t he behavior of the mode l with 
controls fixed 

(b ) The control r equtrements were noted when t he 
ailerons and rudder were used t~ g e t hJ r for lateral co ntro l 

( c) ~he behavior of thd model was npted when the 
ail e ro ns alol e we re u sod for l ate ral control 

( d ) . Finally , the ruddar was usad a s t he solo me ans 
of l a t ~ra l control and its 3 ffectiven 0~ 8 in picking up 
I). low .,\·Ii.ng "Tas noted . 

~he r a tin gs ~ iv Jn by th o p ilot for th o v a riou s fli g h t 
tes·ts are given in table II. A ra tin g of IIAII i s considered 
n e cess a ry with aileron s and rudder used to ge t her , a rat in g 
of 11]11 is considered sat i sf a c tor y fo r aile r ons a lone , and 
a rat in g a f I( C I( i s c O!l sid ere d s I). tis fa c tor~;" f or f 1 i €;h t s It i t ~1 
rudder used a lon e for lateral control . 

Forc e Tests 

I n the force tes ts, t he dynamic pres sure was he l d 
co ns tant at 2 . 825 pounds p e r square foot . The speed of 
th e modol pr op e l1 0 r was v a ri e to r epre s ent t~rust co aff i ­
ci en ts from - 0 . 0 3 to 0 . 51. A t hr u s t co e ff i cient of 0 . 5 1 
r epre s J nts 1750 brake ho r s a powo r ~ith a prop o ll o r e ffi­
ci en cy of 80 percent a t an a i rsp ee d of 118 ~ i1 o e p o r hour . 
Th e tor~ue coefficient ass oci a te d '!i t h tae thrus t coeffi ­
ci en t of 0 . 51 repre sen ted a fu ll - scale propelle r speed of 
1860 rpm. Most of the tests ',:ere made u it h flaps retracted 
b e c ause the flight tests indicated that t h is c ond ition wa s 
t he mo s t critical fo r directional stability . 

Th ,J 
to 2 1. 

results of t h e f orce tests are g i ven i n fi gures 12 
The bas ic a erodyn am ic cha r a ct erist ic s of t he mo de l 
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1JIri t 11 e a c h f use 18. g e ,IT it h 0 u t pr o p e 11 e r s ar e g i v e n i n f i gu r e 
12 . The l a t era l-s tabilit y c ha racteristic s of th e mode l 
with each fuselage and with vertical tail off a re g ive n i n 
fi gure 1 3 . The effect of flaps on t he lat e r a l - stabi lit y 
c ha. ra ctaris tic s of th e l .odel ".lith n ormal fuselage, tai l 1 , 
and windm illi ng prope ll e r is shown in fi gur e 14 . The 
directio~al-stability c~aract e ristics of th e model wit h 
t he n orma l fu se lage and v a rious v ~ rtic al tails a r e g iven 
in figure 15 for propell e r windmil1i~g and i n figlre 16 
for p ow e r on . Si mil a r da ta are g iven i n f i g ures 17 and 
18 for the mode l wit h t he l ong fus e l age . A cross p lot of 
C

na 
against the r a tio of tai l len g t h to w i ng spRn i s 

g iven in f i gu re 1 9 . In f i gure 20 , t he increment of 
yawing-~oment coefficient due to ve rtical t ails o f two 
different aspect ratios ar e ~ ive n f or t he mode l wi t h lon g 
fuselage and p ro pe ller wi ndmill i ng . The vari a tion of the 
ro l ling - and yawi ng- moment and l ate ral - force co eff ici ent s 
~ it h t h rust and torque coef fic i ent a re g ivea f or the mo de l 
wit h the lon g fusel age f or various v e rtic a l - tail configu­
r at ions in figure 21. 

Th e values of t he directional - stability de riv a tiv e 
Cns for all conditions t ested a r a summar iz dd i n t ab l e I . 

The i nc r emen t of d ir e ctiona l stab i l it y contribut ed by the 
v 0 rtic a l tails 60 n

at 
wa s obta i nJd b y dedu~ting the slope 

with t he tail removed from t .o slop e with th e tail on . The 
c a lc u l a t e d values of 6C n g iven in tqble I ~or3 obt a inod 
by the equ a tion at 

The ratio qt/q was as s umod to b3 u n it y wi th a windm illi ng 
propeller for t ho s i nglo t ils ~nd for bo t h power conditions 
for th o twi n tails . For t he powa~ - on c ond i tions wi t h sing l e 

qt 8 Tc 
t a i Is , a r a t i 0 0 f - - ::: I + --- was use d • The rat i 0 0 f q n 

t he me Rs ured incr eme n ts to the c a lcul ated values of 

g i ve s an i nd ic a tio n of th e tail effic i ency of eac 1 arrange ­
ment. 

'. 
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DISCUSSION 

Effect of Fu se lage Lengt h 

The d ir e ct effect s of fuselage length o n th e l a t a r a l ­
stab i l it y characteristics of th e mode l as d e t ermi n ed fro m 
t he fo rc e 
in figure 
st a bility 

tests wit " the v e rtic a l tail re moved ere shown 
13 . Th e ef f e ct s of tail l engt h o n t he dir e cti onal-
de rivat iv e Cn f o r different t a il a~d po wo r con-

~ -
ditions a r e s h own i n f i g ur e 19. The lon g fuso l age hRd a 
consid or ab l y g r eater unst ab l e y~w i ng momont t hat th o normal 
fuselage without verti c al tail _urf a ces. Tb e i ncre Rse wa s 
approxim a tely pr oportional to the i ncrease in fus el age len g th. 
P a rt of t hi s i nc re as e in unstable moment wit h the lo ng fuse­
l age was undoubtedly d ue to t he l a r ge r cowling and the more 
forward position of t h e pr ope ll er on the long fuselage but 
the ~ reat e st effect wa s believed to be due to the i nc rease d 
l eng th. Wit h power o n , t he unstable moment i ncreased ~ ith 

bot h fuselages but the i nc r ease was more pr onounced wi t h 
the long fuselage. 

With ve rtic a l tail 2 , wh ic h has lo w aspect ratio , 
p ractic a lly neutr a l directional stabi~it y wa s o b t a i ne d wit h 
e it he r fuselage . Th i s effect i ndi c a t ed t ha t t he increased 
moment a rm of t he lo ng fuselage p rovided only suff ici e nt 
~ddi tion a l yaw in g momen t to off se t t ho add i ti onal unst a ble 
moment of t he fus e lage . Th e ' i n cre a s ed t Ril l ength pro vi ded 
th e expo ct e d incr ease in thQ i ncrament of d ir cct i onR l 
stability contribut e d by th e t a il a s i nd i cated by the fact 
t ha t the ta il-0fficiea cy f ~ctor s nt i n t able I had ~pprox­
i matoly t he samB valu e s . 

With t a il 3 or 4 , whic h has higher a s pe ct ratio than 
t a il 2, somewhat h i ghe r values of On~ were obta ine d wit h 

the long fuselage t han wi t h t he no r mal o ne f or e i ther powe r 
on or po wer off. This ef fec t i s partic~larly sig~ i f ic ~n t 

for it means that. although a deficienc y i n Cn~ caDnot 

be ov e rco me by increasing t h e t ai l l en~th , i n cr e asing the 
tail l ength of an airplane that has a pos i t ive deg r ee of 
d ir e ctional stabilit y will a llo w some reduction i n t a il 
area. This effect is to be exp e c te d i nasmuch as both the 
unstable moment of the fuselage and the increment of mo men t 
from the tail are directly p ro p ortional to the fus e l age 
l eng th . 
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The flight - test results were in g ood agreement wit h 
the re sult s of t he f orce tests. The s a me tail a re a was 
re qui red with t he lo ng fuselage as 1it h the normal one 
when e ithe r tail 1 or 2 , which ha s lo w aspect r a tio, was 
u sed . Although tail 2 o n the lon g fuse l age p rovid ed th8 
same tail volume as tail 1 on the normal fuselago , the 
fli gh t tasts indicat e d som e what l oss stabilit ~ than when 
t ai l 1 wa s us e d . In fact , wit h tail 2 , the mode l with 
the long fuselage wou ld t r im at an angle of yaw of e it her 
10 0 o r _ lO a , verifyin g t he flaG spot in the yaw in g - moment 
curve of f i g ure 17. With either tail 3 or 4, wh ich ha s 
higher as pe ct r a tio t han tail 1 o r 2 , how e v e r , g oo d f li gh ts 
we re obtai n ed wit h either f uselag e as i n dicat ed in table II . 
Tail 4 on the lon g fuse lag e provid ed the same tail volume 
as tai l 3 on the nor mal fusela ge . ~a il 3 on the l ong fuse ­
l age p rovid e d the be st fl /ing arran gem ent fo r t he mo de l . 

Effect of VJr tic a l-Ta il Shapo 

A s t udy o f t h~ YBw in g - moment curv es of f i gures 1 5 and 
17 i nd ic ated t hat the f l a t spot near zero ~aw was c h iefly 
B re sult of in s ufficient tai l moment a lt nouch t~e re was 
undoubtedly some sh i eld in g of t he ver tical ta il a t an g les 
of yaw from - 10 0 to 10° . This effect i s a~own i l fi~ure 
20 in which t he i n cr emen t s of yaw i ng- moment coefficient 
due to t he vertical tail a r e p l otted f or t a ils I and 3 on 
t he l ong fuse l age . Wit h either tail, the sl op e is consta~t 

for angles of yaw fro m 10 0 to -10° . 

Th e fi rst c h ange in tail shape , des i gned to p rovi de 
more tai l mome nt, was s i mp l y an increase i n t he aspect r atio 
of the or i gi n~l tail s wit hou t c hange of a r e a . Tail~ 3 and 
4 have the sarna - a r ea a s tails l and 2 but ha ve aspect ratios 
of 2 . 28 i nstead of 1 . 00 . Wit h e ith e r tail 3 or 4 , t ho flat 
spot in th a yawing- momen t curv es was a li min~tod f or t~o wi nd ­
milling condition as shown in figu r 0s 15 and 17. Th e i nc r e ­
ments in y~w i ng- momcnt slop e dU0 to t je tails 6C

nSt 
g iv en 

in t ab l e I i nd ic at3 t h~ t tho t a ils fhi c h hnva t lB h i ghe r 
aspect r a tio providod a pproxim a t o l y t he i ncrease in s lop e 
t ha t would be e xpected . Tho effoc ti v~nass of the v ~r tical 

tail wcs increas e d 67 p~ rc 0nt by this i ncro~se o f aspec t 
r a tio. 

Either t 3 il 3 o r 4 prov i ded more sntisf a ctory flying 
c ha r acter i stics and appe~ r e d to be mo re effe ctiv e in ove ry 
r espe c t thnn tail 1 o r 2 . From a simple analysis t he con-
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dition of neutral stability en countered with tails 1 and 2 
in the windmi lli ng condition at small angles of yaw mi gh t . 
be expected to provide a steadier flyin g airplane i nasQuc h 
as simple s ide gusts woul d not chan ge the Leadin g of the 
airplane . I n the flight tests of t he model in the tu~nel , 

h oweve r , t he steadiest fli gh ts were obtained with the 
vertical tails that p r ov i ded a pos iti ve degree of direc ­
tional stabil it y through zero yaw , part i cularly with tail 
3 . With tail I or 2 , the model 'l ould· aot ho ld any partic­
ular heading but would wander fro n 5° left yaw to 50 ri ~ht 
y aw . Th e low d i hedral o f the mode l ~rovonted any o bjection­
nble rollin g with th e chang e s i n angle of ~a~ and the mode l 
could be f l o,n continuously . Tha wanderinG con~ ition, ho~­

ever , was objectionabl e and ~as n ot i mprov ~d by lengthening 
the fuselage . With tail 3 , howeve r, satisfactory and steady 
fli gh t s vJe re o btained and the model ''las not unduly disturbed 
by the turbulent air st re am of the tunn el . 

Anoth e r atte mpt was rna e to elimin a te the flat spot 
on t ~ e yaw cu r ves by dividi ~g t he ori g i na l t" il into t~in 
tails and locating them near the stab i lize tips on the 
upper surface to ge t the ta il area a1ay f ro m the i n flu ence 
of the fuselage . The aspect ratio and the t o ta l a re a of 
th e twin tails ( tai l 5 ) were the same as for tail 3 . A 
good yaw i ng- moment curve ~as obtained ~i th these tail s 
with a windmillin g propeller (fi g . 17) bu t, wit h p owe r on 
( fig . 18 ) I a flat spot was noticed at ndgative an g l es of 
yaw . In a smuch as t a ils 3 and 4 we r e satisfactory , no furthe r 
t osts were made with tho twin t a ils. 

With t ho prop e ll ~ r wi nimi lline , the twi n tails , t ai l 5 , 
provided mo r 0 tail moment than t a il 3 appa re n tly o0cause 
they were lo c a ted ~way f ro m tho raducad v e lo c it y r e g ion 
n :.3 C1 r t he f u s c 1 age . Wit 1 P 0 \i e ron I h 0 \'l eve r, t ail 5 1;1 a s 
mis sed by t he s lipst reaM at low angles of y aw and the 
increased unstable moment of the fus elage wit h power on 
re duced the over - all stabil i ty of the model as i ndicated 
i n f i gu r e , 19. 

The dorsal fins shown i n fi€are 10 wit h tail 1 and in 
fi ~ure 11 wit h tail 3 we re principal ly effective in p ro­
viding directional s tabilit y at l arge angles of ya w. On l y 
a sl i gh t effect was measur e d a t smnll a ng les of yaw . T~e 

stabilit y c haracteristics of the mo d el in flight ~e_e aot 
c hanged in the normal - fli gh t r ange by t~e add ition of dorsa l 
finse It i s be li e v e d , however , tha t the dorsal fi n s wou ld 
r estri c t the trim angl es of ya"l to raaso ilab 1 3 v ~~ l ues for the 
hi g h - power c ond iti ons . 
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Effect of Po we r 

Th e incr e ase in th e unstable y nwing moment of the 
fus e l age due to powe r shown in figure 13 we s mor e pro ­
nounce d u ith th e lo ng fuselage than with the aormal one . 
Th e increase i s apparently due to th e increased velocity 
of th e slipstream passing ov e r th e u ns table fuselage . 
Pow e r a l s o introduced a lateral force , a rolling m08e nt , 
and a yawin g mom ent at zero yaw t hat were approximately 
proportiona l to the to r que coeffici e nt as shown in fig ­
ure 2 1 . 

The i ncrease in d i r e ctional stability ~Cn~t con-

tributed by th e v a rious s in g l e tails with p o we r on was a 
dir e ct function of the slipstream v e locity . This effe ct 
is indicat e d by the fact th a t the eff ici an cy factors nt 
were substantially the . sam o with p o we r on as t he y ware 
with a windmilling propelle r whe n an ave r age sl i p str eam­
velocity factor was used i n the c a lculation s . 

In flight the model ~as mo re stab le wit h powe r on 
for all conditions tested. The te~dency for the mo de l 
to wander i n yaw with tail 1 or 2 was e li mi n ate d when 
power was applied . 

CQCLUSIONS 

~rom the results of free-fli ght -tunne l tests o f a 
l/lO- sca le dyna mic mo d el , on which t wo fu se lage l engths 
and various v e rtic a l-tail arran ge ments were us ed , t~ e 

follo wing condlusions were drawn: 

1 . Incr e asing the l e n g th of tha fus e lage wa s not a 
satisfactory means of conv e rti ng a n outr a lly stable a ir ­
plane i n to a dir o ctio na ll y st ~ble on o bec a use the unstable 
mom e nt of the fuse l age as wel l as the tail e ff e ctiv e n o ss 
i n cr e ased d ir e ctl y as t he fu se lag e l e n g th . 

2. Increasing th e len g th of t ha fusel age of a direction­
ally st a ble airplan e allow e d some reduction in vertical t ail 
area . 

3. The use of ve rtical tail surf a c e s of high aspect 
ratio was definitely beneficial . Increasi ng the aspect ratio 
fro m 1.00 to 2 . 28 i nc r eased th e tail effectiven es s by 67 per ­
cent . 
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4 . Power had a stabilizing effect on directional 
stability for sin g le tails and a destabilizing effect 
for twin tails . 

5 . Dorsal fins i mprov e d the directional stabilit y 
at lar g e an g les of yaw. 

La n g le y Memorial Aeron a utical Laboratory , 
Na tional Advisory Committe e f or Aeron a utics , 

La n g ley Field , Va. 

R1:FERE NCE .': 

1. Shortal. Jose p h A. , a n d Ost e r llout, Cl ay ton J. : Pr e­
li mi na r y St a bility and Con t rol Te s ts in th e NACA ' 
Fr ee -Fli gh t Win d Tunnel a nd Corr e l a tion with Fu ll­
Sc a l e Fli gl1. t Te s ts . T. N. No. 810, NACA, 1941. 
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TABLE I 
I 

AlffiLYSIS OF DIBECTIONnL STABILITY D~IVATI~D Cn~ 

~ ~oroal fusel ~ge ; tit = 0. 47 Lon~ fuselage ; tit = 0.03 
I 6Cr_~t ~ ~Cn~t 

St / S ~ I ~ , ----
liec_suredj Cal c'J.l ated 'TIt Tail ... In I Cnf3 ;,ieasured !calcul ated Y)t Cn~ ,I I 

Tc = .... 0: 03 

-frNone -
1 C 
2 

3 

Jl 

~. I i "07" ----- --.,.- 1-0 . 050 I ----- I ;~~9; ~~;; ~~5; -0: O{~ ------ ----- ----
0. 045 0 . 064 0 · 70 I . C06 \ 0 .056 I J .036 0 . 65 

. 067 \1.00 1. 50 0 . 03u .048 . 72 -. 007 . 043 .064 . 67 

. 090 2028 2 . 50 . 043 . 077 . 107 .7J .056 [ .106 .143 . 74 

. 0671 2 . 23 2 .50 . 027 . 061 . 080 -~~~ --. ~9~ I -~~4~ ----- - ---

. 090 I 2 . 28 2 . 50 ------ - ---- ------ .143 1.00 _ __----=-t_. 

:i:c = C. 51 

None - 0 . 062 ------ - 0 .1 
1 0.090 1.00 1. 50 ------ ----.-- . 0 
3 . 090 2 . 2C 2 . 50 .125 0 .137 0 .249 I ~~~~ . 1 
5 . 090 I 2. 28 2 . :)0 ----- . C 

-'---1 

4~ I ~:~~~ i ;. :~~~ I o : ~~ 
[' . 129 .143 . 90 

," 
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TABLE II 

RATINGS OF LATERAL STABILITY ~m CO~~ROL BASED ON PILOT 'S 

OBSZRVATIONS OF BERAVIGR OF NODEL m FLIGHT 

r-.----L 
-

I NOl'mal fuselat;e Long fusela<;e 
".~. 

I 
Cont r ol Control 

Flap Thru st ! 
Vertical deflec- coeffi- Direc-

Aileron I Aileron Rudcler I Direc-
tail t i on cient, tional tiona1 Aileron Aileron 

Kdeg) T stability and alone alone stability and a l one c 
r udde r rudder 

1 \ I{ 
c A- B- D -- -- --

2 
( 0 -0.03 C A- C --

I 
c A- 13-

3 13+ A 13+ C+ A f , .Ar-n. 

4 . _J 13- ~ 13 -- B A 
, 

I: .0. 

I 
_ ..... -

, 
1 

10 
0+ f 13 D+ 

{ 
.n -- -- --

2 .20 0 A- C -- -- -- : --
3 A- A A- -- A A A 
4 J B+ A A- -- B+ f A-.rJ..--

1 "\ ,r- 13- A B+ I ]) -- -- --
2 ~ 60 - .03 t C+ A B+ -- -- -- -
3- A A II 0- II A A 
4 A-

, 
lA_- I A-~ A A- 0 B+ 

1 

} 60 
( 13 l-~ :3+ D- - -- I -

2 . 
. 20 l 

C+ A 13+ D 
I -- -- I --

3 -- , A A -- -- -- -'"'- I j 

4 I A- p_ I A- 0 I E+ ~_' _J A-

Rating Staoility Oontrol 

A StaOle Good 
13 Slightl~' staol e Fair 
C Neutral Poor 

l ' .. 
D Unstaole Unsatisfactory 

Rudder 
arone 

--
D 
o-
0-

--
--
D 
D+-

--
--
0 
D 

--
--
D 
D 

I-' 
,p.. 
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NACA 
Figs. 1,5 

Figure 1 .- Test section ot NACA free-flisht tunnel showing powered model in fligbt. 

Flgure 5.- Test sectiol of NACA free - flight tunnel showing 1/10- scale model mounted 
on balance Sclut. 

-- ---- -----
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NACA Fig. 7 

" 
(a) Three-quarter ffont view. 

Figure 7.- Views of 1/10-scale model with normal fuselage and 
tail 1. 

(b) Side view. 
Figure 7.- Concluded. 
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NACA Fig. 8 

(a) Three-ouarter front view. 
Figure 8.- Views of 1/10-scale model with long fuselage and 

tail 2. 

(b) Side view. 
Figure 8.- Concluded. 
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FIGURE 21,- Varlatloh of rollmg- and yawing-moment and lat eral -force coefficients 
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