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~-ATIONAL ADVI SO RY CO rMITTEE FOR AE RONAUTICS 

ADVAJ\'CE .- ES TRI CTED REPORT 

LA NG LEY FULL- S CA LE 'J'TJN}!EL INVESTIGATION Of' THE FACTORS 

AFFECTI NG TEE DIRECTIONAL STABILI TY A1TD TRIM 

CHARA CTE RISTICS OF A FIGHTER- TYP E AIRP LANE 

By Ha r o ld H. Sweberg, Zugen e R. Gur yansky 
s.nd Roy H. Lange 

S U ,1 MAR Y 

Te sts were made i n t he Lang.: ley full- sca l e tunne l of 
t he Gr umman XF6F- L:_ ii r p l a ne in o r der t o investi gate the 
f a ctors t l,,8 t aff ect t he d "reGtional stabili t y and trim 
ch ar acteri '" ti cs of a t yp ic""l f i gb. t er - type air;Jlcme . Eight 
rep re sent ati ve f li gh t condi ti ons vere inves t i gated in detai 1. 
The sepa r ate contri butions of the wi ng - fusel age combination, 
t he verti c a l t ai l, and the p rope ller to the directi onal 
st abi l i t y of the ai r p l a n e in each cond i tion were determined . 
Ex-cen s i ve ai r - f low S1.1rveys of s idewash angl e and dyne.nlic 
p r es s u r e r a t io along ::1 li ne coincident wi t~ the rudder 
r i nge li ne we r e made fo r each condition investigated to 
aid in eva l u at ing t he slipstream effects . The data obtained 
f r om the air-flow sur veys ~ere al so sed to investi gate 
methods f or ca l cu l ati ng the c on t ri bution of the vertjcal 
tal l t o the airpl a n e di r ec tional stability" 

The r esults of the test s showed tha t , for the co.u.di 
tio n s i nves t igated , the di r e c t i onal stability of the air
p lane wa s srra llest for t h e g l idi n e; condi ti on wi th fl aps 
retra cted and as greatest fo r t he wave - off condi tion wi th 
fl ap s deflect ed 500 • Th e variati on of s "dewash ang le a t 
t he ve rt i c a l t ai l with ang le of -yaw wa s destabilizing fo r 
all cond i t i ons invest igated . Prope l le r ope r ation increased 
t he magni tude of t he d e stabi l izing si<iev]aqh but , at s rrall 
ang l e s of yaw, a lso in c re ased the dyna."!1ic p r essure at the 
vertic al t a il suffici ently to make the combined effect 
stabi lizi ng . The l a t e r a l di s pl ace'T.ent of the sli p -
stream with r e sge ct to t he ve rtica l tail at angles of yaw 
l a r ge r tha n a~9 roxi m8. tely ±l()o c aused a reduction in the 
c ont ribution of the vertica l t a il to the ai r p l ane direc
t i ona l stabi li ty at p osi tive angle s of yaw 'and an increas e 
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at negative angles of yaw . Flau deflection tended to 
increase the directional stabili ty of tl e air'plane 
re gardless of the condi tion of propelle r operation. 

The rudd.er deflection required for directionRl trim 
was greatest for the wave - off cond i tion wi th the flaps 
def lected 50 . The l arge c Hmges in the directirmal trim 
of the a irplane !.'Bsul ting from p ropelle r operati n a r e 
primar:l ly d'J.e to t"Ge Gt' fects of the slipstream on the 
wing- fuselage combinatj on and on the ve rtic 1 tal l a nd 
are only sec ndari ly due to the direct effects of the 
p ropel le r forces . 

I N T ROD U C T I 0 r 

The importance of the effects of p ropeller operation 
on the directional stabi lity and trim cLaracteristics of 
an airplane is well knov.'n . Past experience has shown 
that the di rect ion&l trim is usually cri ti cal fo r a take 
off or low- speed climb conj i.tion i n wh:ch high propeller
thrust a nd torque coefficient~ produce large increments 
of yawing - moment coefficient . For such conditions, a 
pi lot ma y often find that , because of the large tr Jm 
changes invo lved , he has in suffic ien t rudde r contro l and 
is unable to m intain the desired heading . The directional 
stabili ty is usually lowest fo r a co ldltion of h ' gh ang le 
of a tt a ck and low powe r , duri~g which the contribution 
of the vertical t ail to dire ctional stabi lit y is lowest 
because of the low slipstre am veloci ty and the relati vely 
large loss in dynamic pressuye due to the fuselag e and 
can opy wakes . 

Ana lyses ha ve been made i n the pas t of ','ind-tunne l 
data on directional st ability and control (re feren ces 1 
and 2) but these analyses were based maIn l y on t he 
results of s c a ttered te s ts of a l a r ge numbe~ of ai rplanes 
and airplan e models and did no t i nc lude any systematic 
t es t re u lts showtng the effec ts o f p ropeller operation 
on the directional stability and control characteristics 
of a sing le design . In particular, only meage r data were 
available to show the effects of prope ller operat i on on 
the air flo w in the r eg ' on of t he vert i cal tail. In 
order to obtain some systemati c wind-t unnel-test d a ta 
r e lat i ve to these effects , an investigat ion was conducted 
in t he Langley full - scale tunnel on the Grumman XF6F-~_ 
ai rplane . The investigation included rr.e asurements of the 
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d irec tion al sta~ility &nd control characteristics of the 
airplane for a wide renge of f li ~~t 0ondltions. For each 
flight condition investigated, tests were made of the 
complete airplane , of tbe airplane without prop81J.er, of 
the air'p l ane without ver·tical t a'-l , and of the airplane 
wi thou t both prope ller and vertic al tall. 'The separate 
contri butions of the propeller , the vertical tall, and 
the ",".DB - fuselage comblnat50n to the ajrplane directional 
stab':"lity and trim COLl.Id thus be evaluated. IYl &ddition 
to theE> e force tes t s.. me asurement s were made of the 
dynamic pressure and the angular ty of the air flow at 
the ve rtical tail. Particular attention was given to 
these air - flow meas'lrenients inasnuch as the availa.ble 
data on this subject are v8ry limited . 

CL 

Cy 

Cn 

Tc 

Qc 

L 

y 

!J 

Te 

XR. 

X' 

Q 

D 

SY.BODS 

l ift c00fficient (L/qoS) 

latersl-force coeff.i.cien t (Y/qoS) 

yawing - moment coefficient (N/qoSb) 

thrust coefficient ( Te/2QoD2) 

torque coefficient ( Q/2qoD3) 
force along Z- axls; posl ti VB when acting upward 

force along Y-axi s' 
right 

positive when acting to 

moment about Z- axis; positive when it tends 
turn nose to ri.ght 

effective propeller thrust (Xr: - x) 
r eSl1 1tant force a l ong ~ - nxis \"ith -propeller 

operating 

force along X- axis , propeller removed 

PI' .e l18r torque 

propeller diameter (13.08 ft) 

the 

to 
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wing area (33~. sq ft) 

vertical - tail a rea (19.0 sq ft as defined in t ext) 

distanc e from airplane center of gravlty to 
quart e r - chord point of mean vert:ical - tail 
cbord, measured parallel to fuse lage refer 
ence line (19 . 5 f t) 

wing span (42 .£3 ft) 

span of vertical tail surface (4.25 ft as defined 
- in text) 

section chord of vertical tail 

wangle of yaw, degrees; positive wi th l eft 'ing 
for'. ard 

a angle of attqck of fuse l age reference line r elative 
to free - 3trea~ dlre:tion, degrees 

6 f ang le of flap deflection , degrees 

o 

o av 

q 

an Ie of rudde r deflection, degrees ; positive when 
trailing edge of rudde r is mooed to left 

pr peller blade an g le a t 0.75 radius or angle of 
sideslip,degrees 

s idewash angle , de g r ees ; positive when flow is 
from right to l eft when airplane is viewed 
from rear 

average sidewasb angle along rudder hinge line 
",.'eighted fo r chord and dynarric pressure, degrees 

( 1 flb t \ 
,oav = I Ct _£L odb ) 
\ (q/qo ) a v St l 0 qo tJ 

rate of change of averag e sidewash angle with 
angle of y aw 

loca l dynamic pressure 

free - stream dJnamic pressure 
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(
deN) 
da/ t 

(Or) Cn =O 

(Cy)c =0 
n 

ra tl 0 of loc 8 1 d:ma'Tlic pres sure to fT'ee- stream 
dynHmic pressure 

[·werage dynE-mi c-pressure ratio along rudder 
hinge line weighted for cho~d 

f( qjqo) _ = 0.
1 j ,Ot Ct.3..db

t 
') \!' av Ut 0 110 

indi c a t ed airs peed 

rate of che-nge of Cn wi-:h respect to '-V, per 
degr ee 

rate o f change of Cy wIth respect to ~, per 
degree 

rate of change of vertical-tail normal-force 
~oe f fic '.ent 'Ni t h A.ngle of at tack, pe r c1egree 

rate of change of Cn with respect to or' per 
degree 

rudder deflection at zero yawing-moment coef
ficient , degrees 

l ateral - force coefficient at zero yawing
moment coefftcient 

Subscripts ~ 

t ver ical tRi l 

p prope l l er 

s 8 li Dst r ea!'1 

a v average 
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A I R P LAN E AND A P P AR A T U S 

'rests were made of the Grumman XF6F- 4, vlhich is a low 
midwing single - p lace fighter airplane vveighihg about 
11,400 p ound s and equi pped 'nth a Pratt & ' ~.rhi tney R- 2800 - 27 
e ngine rated at 1600 h orsepoler at 2400 rpm at an altitude 
of 5700 feet . The rear portion of the fusel&ge is wed g e 
shaped , and the gap bet "een t h e rudder and fin is sealed . 
The maximum rudde r tra ve l is ±33 ° . A t hree - view dra'IVing 
s howing the principal dimensions a nd areas of the ai rp l ane 
i s gi ve n in figure I and photographs of the a i r plane 
mounte d in the Langley full-s c ale tunne l a re g i ven in 
f igure 2 . 

Fo r some of the tests , th e vertical tail was removed 
a nd the gap left by i ts re~oval was faired to the contour 
of the fusel age by a sheet of aluminum. A sketch showing 
the tai l fairing superimposed on the ve rtical t a i l s urface 
is g iven in fi b ure 3 , ~hich shows also the principal 
dimensions o f th6 vertical t ai l s urface. 

The air - flow meas u r ements were obtained by me ans o f 
the combined yaf , pitch , and p itot-static tube shown in 
de t a i l in figure U. Photogr&phs of this instrument 
mounted in p osi tion fo r the. air - f low measurements a re 
g i ven in figure 5 . 

M ET R OD SAN D T E ST S 

Al l t he t e sts were made with the a irplane l anding 
ge ar r e tracted and the cowl:i ng f laps closed a t a tunne l 
a irspeed of approximately 60 ~i les pe r hou r , hi ch corre 
sponds to a Reyno l ds number of ap p roxi ma tely 4 ,3 80 , 000 
b a sed on a mean wing chord of 7 .80 fe e t . Th e ai l e rons 
and e l e vators ~le r e l ocke d a t 0 ° d e fl':3ction f or al l the 
t e sts c~nd trw landing f l aps we r e 10 \ ed a t 500 when 
deflected . 1"0 a tterr'pt as mE.de to d.J.Dl ic a te the itblow-
up" characteristics of the l an d. ing f l ap s . The d irectional 
stability nnd t rim cha ract e ristics of the ai rplane we r e 
ob a ined f or th3 e ig.1.t repr e s e nt e.ti ve £"l i ght conditions 
ou tlined 1 n tab l e I . 

Directional - s tabilitv me a sur e ment s .- The directional 
----------------------~.'-- . s t abl Ii t y ch8.rac teris tic s of the ai rpl ~me , f o 1" each f llght 

c ondition , we re inves tigate d by mea sur i ng the forces and 
moments on t he airp l ane a t a pp roxj:n nt e ly 50 increments 
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of angl e of yaw be t ween ±1 5° , which was the maximum ymv 
ang l e r&nge po ssib l e lJI i th the present 8.irplane - s 11pport 
setu.? in t he Langl ey fu ll - s c ale tV.nnel. Par each of the 
e ight condltions , t e s t s were made of the airplane with 
the p ro pe l ler bo t h removed and operating and wi th the 
ve rtic a l t ai l s r f a c e bo t h remo ved and in place. 

Di re ction a l - t r im measu r ements . - The directional trim 
cha r ac te r i s-ti c s of t he ai r p l ane were de te:::'mined from 
r udde r - e f fe c tivenes s te sts. Only four of the conditions 
I i s t eel in tab l e I we r e i nve s tigated; narre ly , the landing , 
the wave - off , t he g l idi ng , and the low- speed climb 
(V~ = 98 mph) conditions . F.udder-effectiveness tests 

.L 

also ;r e r e m&de far s irr.i lar ondi ti ons with the propeller 
removed . 

Ai r - floVl; measurem6nt s . - Surveys of the velocity and 
angul arity of the air-rlow in the reLion of the vertical 
tai l V!ere made for al l t~e condltions listed in table 1. 
At eac h a~gle of attacY , surveys were rrsde for propeller
removed and propeller- operating conditions at angles of 
yaw of approxirrately 0° , ±5° , ilOo , and ±15°. The surveys 
were made .'i th the verti c al tail surface replaced by the 
t ai l fai r ing and consi sted of measurements taken every 
6 i n ches along a line coincident with the rudder hinge 
line and extendi g f r om approxi nately L· inches above the 
tai l fairing to approximately 12 inches above the top of 
the ve rt ic a l tai 1 su r f ac e. (See fig . 3 · ) 

Power- on tests . - Fo r the power-on tests, it was 
desired t o imulat e t he variations sho n in figure 6 of 
thrust and to r que c oeffi c ient with lift coefficient for 
constant - power ope r a t ion at sea level . It was found that 
these relationshi s c ould very nearly be produced with 
a constant prope l ler - blade - angl e setting of 24.80 measured 
at the 0 .75 radius; hence this blade - angle setting was 
used for all the tests v:i t h the pro"Ooller operating. A 
comparison of the variation of thrust coefficient with 
t orque c oeffi. c ient fo r c on stant - pov.' e r operation and for 
the n r opeller II"i th a b l ede - angl e setting of 24.8° measured 
at t 1e 0 . 7 5 redius is shown in fig:ure 7. For the idling
power conditions , the enoine as run at the 10'!Vest speed 
cons::'de r ed possi ble (700 rpr.'l.) ,.' thout fouling the engine 
spark p l ugs . The thrust and torque coeff.i..cients thus 
obtained for the id l ing- power conditions were 0.01 and 
0 . 005 , respectively. 
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Accuracy of t est res·~lts. - The accuracy of the results 
of theforcetestsis 'shown by the scatte r of the test 
points . The accuracy of the combined yaw , pitch and 
pitot - static tube is estimated to be about ±O.2 50 for the 
y aw- and i tch - angle measurements and about ±O.Olqo for 
the d'mami c - pressure measurements . Deviations of tne 
test resul ts from zero for apparently symmetrical condi 
tions are probably due to differences in t he airp lane on 
the two sj.des of the plane of symmetry and to asymmetries 
in the tunne l f l ow . 

RES U L T SAN D DIS C U S S ION 

The data are given in standard nondimensional
coeffj.cient form with resp ec t to the stability axes and 
the center- of - g ravity locat i on shown in figure 1 . The 
stability ax~s are a system of axes havin g their ori gin 
at t..1-1e cents r of' gravt ty and in wb. ich the Z-axi sis in 
t he platle of symmetry and perpendj.cular to the relative 
ind , the X-axis is in the plane of symme try and pe r pen 

dicular to the Z- axis, and the y-axis is pe r pendicul ar 
to the p lane of symtratry . 

The p resent ation of the test results and t he analysis 
of t he data have been grouped i nto two maln sections. The 
first s ection gives results s h owing the directional 
stability characteristics of the complete airplane for 
t he var':'ous fligb t conditions inves ti g ated and an analysi s 
of the effects of the wing-fuselage combination , the 
vertical tail, and the propeller on the airplane direc 
tional stability . The r es lts of' the ai r- flow measure 
men ts in the region of the vertical tail also are included 
in this sect jon. The second section presents rudder
effectiveness data from which the directional trim c h ar 
acteristics of the airplane have been determined . 

DI RECTIONAL STABILI TY 

The results of the force t ests made to determine the 
directional stability charac ter istics of the airplane for 
each of the eight test conditions listed in table I are 
given in figure 8 . Each part of figure 6 shows curves 
of Cn and Cy against W for one spec ific flight 
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at ti tude f o:r the c omple t e ai rp lane , for the airplane wi th 
the p ropeller r emoved, f o r the airplane with the vertical 
tail rerwved , and fo r the airplane wi th both the propeller 
and the vertical t ail r emoved. No test points are shown 
in f igure 8 f or the propeller-removed data, inasm~ch as 
the se data ve re obtained from faired curves . Values 
of Cn and Cy f or the complete airplane in each 

W ljJ 

fligh t a ttitude. j,n ves.-tigated. are gi ven in table I. 

Before a detailed.. discus,sLon- i& -presented of the 
va riO'lS facto rs _tha t ..affect the d·ire.ctional stability 
characteristics of the ai r plane, a few of the outst.a:1ding 
trends indicated by the te'flt rfrsll.lts ' 0£ figure 8 are 
lis t e d a s fo llows: 

( 1 ) The.. -:li re c t i anB.l - st ab i li t-y " p.ar-arr.e t 'er ~ at 

small angle'S of yaw (be tween ±5°) is small.est for the 
gliding .. c ondi t on wi th flap.s ret"N.cte<L . For this eon
di ti on., . Cn I = '-0. 00015. 

\!f 

(2) The di rectior-al -s tabi lity parameter, at small 
angles' of ' yaw , 1s largest f or tb.e ..... bi-gfi-p-ower-condit.ion· 
with f lap.s .6.ef~8'cted (v-'alJe-Di'f .condLt:L.on). For this 
condition, Cn = - 0 .00147 . 

\jJ 

( 3) For the' e-ondi.ti.ons -wi-t-h high thrust --co-efLi dents, 
the dtrect-i-onal stabili ty de cre-as.es at angle s of y aw 
greater-- than - ap1JT0 xima t.e ly 100 and_i.nc--reas.e-s- at- nagari va 
angl as '-of ,Y.f1W greater t han- ·'a:ppr-o..ximat.el.y -10 0

• 

(4) _ lap ·d-e1'lec,t i .on tends- to inc-re as.a --the airplane 
d irectional stability . 

Tai l with Propeller . Rcmnved 

'. i ng - fuselage combina t i o~. - Values . o.f Cn\ll .and CY\jJ 

f-or t ,he .. wing - fuse lage combinati-on are... shO-wn. plot-ten in 
figure 9 as a function of angle of attack for flaps 
re·tra-c--t.ed .~d f.tap s - deflect-ed 500 • These values -Df en'll' 

.?-.nd CY\lr were obtained from the' re.sults shown in fig-

u re 8 fo r- tflfa airplane, wi .th the .p:r-opeller and the-oVa-r-Ucal 
till .1 -T'errlovecl . The variati.on ot:. y.aw.illg-moment. ~oer-ficient 
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with angl e of yaw of the wing-fuselage combination with 
flaps r etracted is unstable for the angle -o f - attack range 
investi g at ed . Incre asing the angle of attack , however, 
decre ases the unstable yawing - moment Variati on of the 
wing - fuse l age combination . A further decre a se in the 
unstab l e yawing -moment va ri ation occurs with flap deflec
tion and causes t he ing- fuselage combi nation to become 
st able at angles of atta ck greater tha n about 8°. This 
incr9ase i "1 s tablli ty wi t h inc r easing angle of att8.ck 
and fl ap deflection is probably due partly to an incre ase 
in direc t ional stability of t he wing alone with increasing 
angle of attack (fig. 8 of reference 3) and partly to an 
incre ase in the di r ectional stability caused by a favorable 
effect of the wi ng - fuse lage interference (f gs . 4 and 5 
of r e ference 4). 

The variation of latera l-force coefficient with ang le 
of ya'.l fo r tLe wing- fuse l age combinat ion is positive for 
the range of an6 1e of attac k and flap deflection investi 
gated . Inc r easing the angle o f attack and deflecting the 
flaps decre ases the r ate of change of lateral-force coef 
ficient with angle of y aw. 

At r -flC;>'N surveys . - The r e suI t s of the ai r - flow 
me a s ur ements f a r the prope 11 er - r eIl1O ve d condi tions are 
given :I n f i gure 10 , wh i ch sh ows t he va riati on wi th 
h e i gh t above the fus e lage a long the ru~der ince line 
of t he sidewash ang le a and the dyn am:i c - pressure 
r a ti o q/qo for an gles of yaw of approximat ely 0° , ±5° , 
±100, and ±1 5° . ~~ i ghted average va l ue s of the sidewash 
ang le and. d.ynamic - pressure rati o along the rudder hinge 
lin e are gi ven in table II . . 

The surve ys (fi g . 10 ) h ow t ha t, f or thi s ai rplane, 
the va r i ation of average side ~ ash ang le at t he ve rtical 
t ai 1 wi th ang le of yaw. d 0/d~ was, i n general, pa s ! ti ve 
(destabilizing) . The data sh ow th at t he direction of 
flow from t he fusel age ~ake nd ai r bes ide it (reg ion in 
whi ch sharp loss 'in dyn amic pre ssure occurs) is strong ly 
clestabilizing . Inasmuch 9. S t be ve rt ical - tail chord is 
larges t near the fusel age , t h e effect of the flow in this 
re gion on the contribution f the ve rt i cal tai l to t h e 
airp l ane d i r ect'ional stebili ty should p r e domina te . The 
flow ab ove the fuse l age wake ap ;?ears , i n most case s , to 
be sli ghtly dest ab i l i zin g f or n egat ive angles of yaw and 
to h 1e li ttle e ' feet on the s t abi li ty a t positi ve an gles 
of ya~ . Increas i ng the angle of att a k or defle cting the 
f laps tends to increas e the de s tabilizi ng effect of t he 
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oidewash. These results are, in genAral, cOLtrBr~ to the 
r esu l t 8 p'J.b1if l:le~. in Y'6:'e rence 5, 1'v11'c:b ind:ic8tA th'1.t the 
side~,vash is n'J'..la~ly s"':; aC il=-zL1g foy' lov:-w':'nt; fn :~j::,-~l rles . 
Trie discreD 8D.(,Y 1'.187 be due t.o the facG that , f, c" ~he 
present ser!j "8 ,):l t8sle , tb':l "' 0r~ 70nt'1.l tail 8.l"'(1. ;&(\0PY 
were in p l ace and tn~ rear p0rtion ~f t~e ~usel~f8 was 
wed.ge sr~ ap ec' ; ' Wll(-,l·g~a tne tE::,sts of re.L.~erence 5 Wf're :1<1.de 
on a SYt1 00th ci rcnlar fusel'lge wi tl: no h or1 zontal tai 1 . 

The dat a glven :'..n table III show that the dyna.nic 
pressur e r atio at tne ve rtic al t8.il nas its min:tmu.m value 
a t s mall angle s of yaw and 1ncre1:..ses as the angle of yaw 
is i nc:reaseo in fl1 the!' d~. r e ction . FDr any [i ven angle 
of' yaw , the cO'1tribution of t.he ve r· t:"cel tail to the a ir
plane dire cU.onal stabj lity is directly p:r'oportional to 
tLe dynamic-preqsur'e l' 2ti0 at tlUl.t angle ot:' yaw. At srroal l 
ang les of yar (be tween ±5° ) t he rertical t~il lies directly 
in the path of the f~selage and caLopy wakes and hence 
q/q for these,on1i"ions r eaches its lTii Y l:i.rrJUD1 value .. 
As ~he angl e .of y8~ is inc~e 8sed in ei ther direction,' the 
vertical t ail move s away frorr t~e fU3el ege Lnd ccnopy 
1Mal!'3S and q/qo J ncreFses . I nasmuch as the fuseJage 
boundary- la,~e r and cancpy .akes :'ncreuse :vi th· increasing 
ang le o f attack , the loss 5n q/Llo at t he tail lncrease s 
with j ncreasing ang l e of ·attack . 

verti cal t ai l. - E1~perimental increments of yawing
moment and J.ateral-force coefficients due to the vertical 
tail were obta "ned from the data of fleurs 8 for the 
propeller - r emoved condi:t i on-s a nd &. r e S:tOW.1 plot ted in 
fi gures 11 and 12 for all the alrplaJ.le att:i.tudes jnvesti 
gated. Figures 11 a."ld 12 s.how also inc r ements of yawing 
moment and l ate ral-force coeffic~ents d~e to tha vertical 
tai l t .r.at were computed on the basi s of tl-J.e r·e sults of 
the a i r-flo s~rveys. 

The f orc e - test data show til q t thA contribution of 
the v e rtical tail to the a1 plane directi onal stability 
is lO ver in the yaw- ang l e rnnge bet1l Te.o:n - 5° and 50 than 
at the_highe r angl es of ya'l and , 1n addition, the .contri 
bution of the vertica,l tail decreases vdth incre~tsing 
ang l e Df att.a c k and flap deflectlon. };-umerical values 
for the slopes Cn . a.nd Cy are gi ven in table III . 

Wt '\ 
The trends_. shown by L.le s e re's Its are :'n alSreement wi th 
the conclusi ons drawn f r om the re sults of the air - flow 
surveys. 
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An anaJ3sis has been made of the results of the air
f low surveys and the force tests in order to investigate 
me thods f or co:nputing the contribution of the vertical 
tail to t h e airplane directional stabi lit y . The incre 
ments of yawing- moment and latera l - fo rce coefficient s due 
to the vertical tail are g iven by the fo l lo1ftTing expres 
si ons! 

( 1 ) 

(2 ) 

The values of Ga v and ( q/qo )av in equat 1on(~1 whi ch 
1ftlere deteI'mined from the ai r - f low su rveyt3 , are assumed 
to gpp l y to the swall area below the lowe r li mit of the 
a ir- f low measurements . 

':['he r'esults of t:be air - flow s'lrveys - when used in 
conjunction with the rec ommendat ions g iven in refe r ence 1 
with regard to the dete r mi nat ion of the t ai l area, tail 
span , and tai l lift - 8urve slope - were found to gi v e 
value s of Cnt and CYt that averaged about 20 pe rcent 
larger than t he value s obtaine d by the force tests. The 
va l ues of tbe vertical - t ai l area and vert~_ cal - t ai l span 
determined by the methods cf r eference 1, however, inc l ude 
areas in eY-cess of that pa.rt of tbe vertic a l t ai l above 
the fuselage . The survey s ino_icated that the contribu
tion of the se areas to t he 2 ir:::> l ane dir ectiona l st abi l i ty 
would be small because of the l arge destabi lizing s1 de 
wash and 10" dynE'crric pre ss-ur e in t"':lat r '3g ion . Conse
que ntly , fo r furthe r calculatt or:s , the ar ea of tho rert ical 
tail w s cO~ 8 ider9d equa l to the actual vertic al - tai l ar ea 
rem ve d fro rr tl1e 8.irp lane du r ing th'3 test s (St = 19 sq ft) 
and t he spen of t he ve r t tcal tai l was considered equal to 
the height of the ve rticnl tai l above the too of the tail 
fatri ng ( bt = 4 .25 ft ) . (~ee fi g . 3. ) All t he terMs of 
equation ( 1) except (dCN/da ) t are known fr-0111 ei the r 

t he su rveys o r the force t es ts . The term (dCN/da )t 

i n c ludes the end- pl ate effect of tr..e horizon t al tail and 
fuselage on the vertical t ai l ( reference s l and 6 ) -
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modifie d by the i n t erferenc e effect of the vertical tail 
on t he fuse l age . The lif t - curve slope for an isolated 
tai 1 m8.y be determi ned f rom figure 3 of reference 1 as 
a function of tail aspec t r atio . The analysis of the 
resul ts of the forc e test s and the air-flo~ surveys 
r evealed that the geome tri c aspect ratio of the vertical 
tai l bt

2/ St shoul d by mu l tiplied by 1.55 to aooount for 
the end- pl a t e and interference Gffects. Although this 
value is numerical l y the saIT'e as tbat recommended in 
r efe r ence 1, the agreement is coincidental in view of the 
difference in defini tions of tall area and tail span. The 
compari son given in figures 11 and 12 of the increments 
of Cn and Cy due to the vertioal tail, as determlned 
from the force tests and as calcu lated from equations (1) 
and (2 ) by use of the ai r - flow - survey data and the correc
tion faotor of 1. 55 for the geometric aspect ratio of the 
verti c a l tail , is given to show tbe range of application 
of the present method for the XF6F-4 airplane. Good 
agreement is obtained for the complete range of angle of 

. attack and yaw for a ll c onditions i~vestigated. 

In order to ca l cula t e the contributi on of the vertical 
tai l t o the airp l ane directional stabllity, the variation 
of sidewash angle and dynami c-pressure ratio with 8J.l.gle 
of yaw must be known because 

and 

Equation (3) sho 's that the contribution of the vertical 
tail to the airplane di r ectional sta~ility is directly 
proportional to the deri vati ve of \w - 0av) (q/qo) wi th 

av 
respect to the angle of yaw . The term (w - (J ) (q/qo) , . av av 
which is designated the ai r- flow facto r, is shown plotted 
in figure 13, and average values of the slopes 
d (W - 0 av) (q/qo) av 0 0 

dw . be t ween W = -5 and W = 5 are 

given in table II I. Thi s table indic a tes &lso the effect 
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on the c ontribu t ion of t he vert ica l tail t o the air Dl ane 
directiona l stabi11ty of the decreaee in the derivaiive 
of the ci r - f1o ' f ac tor ','i t h angle of '-".ttack and f 18.p 
def 1e ~ ti. on . for t -s s t c onci ti ons '.! i th i laps def l ec ted 50 0

, 

the de stebilizin~ effe c t of the sidewash ~nd the lo s s 
tn q/qo is suff ;.cient t.o r e0.uce the contri but i on of 
the vertic a l t.ail to the airn l ane di r ectional stability 
by 2.bout 50 pe r cent of t he v a l ue tt.:.a t would be o:.Jtained 

d(w - 0 a )(q/q ) 
l_of . V o ' av 1 t 1 0 h we re equa 0 . • T e com-

d'l/ 
~Qrison g iven in t abl e ~I I of tbe va lues of C and 

n\)ft 

c~ 
Y'.v+ 

obtained fro~ the fo rc e tests and calculated from 

eql..l~tiGnS ()) and (il. ) by use of t1:le air - f l ow- survey data 
and the Jorrectlon factor of 1 . 55 for the geome tric tail 
as ~e ct ratio shows fai rly g ood a~reement betwe e n these 
slopes . 

Effects of Pr oD e llar O~e r ation 

The tot3.1 increments of yawIng - moment and l ate r a l
force coefficien t s due to p r opeller ope r a ti on are given 
in figure 14 for each of the eonol.tlons investi gated . 
The se increments were obtained fro~ the exoerimsntaJ. data 
olotted in f i gure 8 and ar e the differences ' in Cn 
and Cy fo r the co:~p le t e ai r p l ane '.'\lith t he proTjeller 
o;1e r 8 ting and t he pr oi;Je1 l er remo ved. 

For the al r p l cme ~ ith f haps r etracted (fig . I h(a )) 5 

9 ropelle r oDe r a ti on W3S cesta~ilizing at angles 
of ya f rom abou t - 100 t.o 15°; the instabj l i ty ~,a s 
gr eat est at 18r§9 posi t i ve angles of yaw . At angles of 
yaw between - 10 Bnc. - 150 , propeller ope r ation gave a 
staLl e v ariation of 6C n against~ . No ne of the 

D 
effects of p rope ller ope~ation was p r o90 r tional to the 
Dowe r afJP J. i ed or to the tb..rust c08fficient; in fact , at 
s"r11all an~le s of yaw (bebleen ±SO), the instability 
caused lY~! prope lle r o-pe r atlon was abou t the same f or 
a ll conc:ltions , re £\8rcHe. s of t he thrust coefficient and 
angle of attack . The effec t of prop,: l le r operlltion on 
the c1.i r e cti o na l s t ab:i. l i.ty of tle G.irplane ,pith fla9 s 
def l ec ted 500 a t small angl e s of yaw (fig . 14 ( b)) ;"Jas , 
i n gener al, t o increase the st&bility fo r t he ave - off 
cond i tion, to decr~?se the s tA.Ui Ii tJl f or the I fmcUng 
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condition slight l y, and to cause no app r eciable change 
in the s t abi Ii t Y for the l anding- app ro ach condi t jon. The 
aver ag e incre a se in dlrec t . onal st-abi l i ty due to p r op811er 
ope r ation for th e wa ve - off c ondition (rated power , 
Tc = 0.5 1 ) , at ang les of yaw bet~een i5° , was very large 

(~Cnw = - 0. 00105\ . 
P / 

The effects of Dl'ope l l e r oper'ati on on the directional 
s tability cha racteris t 5cs of the ai r pl ane van be con
venie n t l y considered under t he f ol l owi n g g r oups: 

( 1) Di rec t ' e ffect of t he p ropel l er forces on 
t he airpl ane di r e c tional st abi li ty 

( 2) Ef fe cts of t he prope ller slipstream on the 
~ontri bution of the' ' ng- f uselage combination to the 
airplane dire c t ional tabi l ity 

(3) Effe cts of the propel l e r slips t ream on the 
cont ri but i on of the vertic al tail to the ai r plane 
direct i ona l stabili t y 

Direct effe~ t of p r opeller f or ces .- illeth ds for 
computing t he direct effe ct of the propeller forces on 
the variation of l a t era l - forc e and ya ing - moment coef 
f i ci ent with ang l e of yaV\ are given in reference 7. The 
dashed lin e s s hown in f i gur0s 15 and 16 are increments 
of Cn and Cy due to the prope l ler forces that were 
cal culated by equat i on (7) of r efe r en ce 7. (The pro
peller s i de- f orc e factor wa s 99 . 2 . ) The calculations 
show t hat the di r ect e f fe c t of the propeller forces is 
to decre ase the ai r p l ane di re ctiona l st ability for all 
conditions investigated . Thi s e ffect is greatest for the 
l ow - speed cl i mb condi ti on ( CL = 1. 39 , Tc = 0 . 51) , for 
wh ich t h e decre ase in d i recti ona l stabi 1i ty due' to the 
isolated propeller is 0 . 0003 8 . 

Effect of slipstream on wing - fuselage combination .
The effects of the prope lle r slipstream on the lateral 
fo r ce and yawing -moment variati ons wi t h angle of yaw of 
the wing - fuse l age combinati on may be indire c tly obt ained 
from the experimental result s . The increments of Cn 
and Cy due to propelle r ope rati on f or the airplane wi t h 
vert ical t ai l removed, increment s which we r e obtained 
from th e force t gsts , ar e sh own by the solid lines in 
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figures 15 and 16 for e8.ch condi t i on invest5_ga t ed . These 
increments include tho direct effect of the propelle r 
forces and the effe cts of the passage of the slipstream 
over the wing - fus e lage combinet ion . The difference between 
the solid and t he dashe d l ines in figures 15 and 16 are 
therefore presumed to be due only to the effects of the 
slipstream on the wing - fus elage combination . 

The data show that for al l conditions wi th the flaps 
retracted , at angles of yaw between ±5 ° , the slipstream 
effects on the wing- fuselage combination caused destabi 
l izing variations o f yawing - moment coeffi ci ent wi th angle 
of yaw . At the low th r ust coefficients this effect was 
smal l ; a t Tc = 0 . 51, how?ver , the slipstream caused a 
destabJ. li zing increment of Cn of about O . OOO~·7 . For 

' Wp 
the flap s - deflected c onditio·ns , the directional s tabili ty 
of the airpl ane was not changed appreciab l y by the slip 
stream e.ffe cts 0n the wingO' - fus el age combination for angles 
of yaw be t ween 50 and -1 5 but wa s considerably decreased 
for angles of ~aw be t ween 50 &nd 150 . 

Effec t of s l~ ps tream on air f l ow in reg~on of vertical 
t ai l. - The r esult s of the surveys wi th the propelle r 
ope r ating are given in figures 17(a) to 17(e) for the 
flaps - retracted conditions and in figures 17(f) to 17 (h ) 
for the condi tions with flap s deflected 500. ,Teighted 
average values of the sidewash angles and the dynamic 
pressure ratios a t the vertical tai l determined from 
these su rveys a r e g iven in t ble I\ . 

Fo r a ll conditions inve vti g ated , the v ari ation of 
the ave r age qidewash ang l e at the vertlca l tai l with 
ang l e of yaw was .c:ene r 8. 1. 1y desto.bilizing ( positive dCJav!d-J.). 
The destabilizing effect of 'he sidewash a-opeared to 
increase ' Ii th thrust coefficient and B.ngle of attack and 
to decrease with f lap ~efle t ioD. (See table IV . ) The 
most important factor contr b t ing to the destabilizing 
effect of the sidewash is the fl ow from the fuselage 
boundary l ay er, which exi sts in the r egion in which , 
for t he presen t airD l ane , the vertical - teil chord is 
l a rgest . The destabilizing sidewash in the region of 
the fuse l a g e bound ary layer was sme ller in magni tude for 
the f l aps - defle tpd conditions (figs. 17(f) to 17(t)) 
than fo r the f l aos - retracted conditions (figs . 17(a) 
to 17(e) ). The data sho that the a ir flow a t the vertical 
tai l in the region above the fuselage boundary lay er is 
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depe ndent on th9 cond i tions of propelle r operation. As 
the thrust coeff:cient jncre ased from one ~on~ition to 
another , the sidewash in this re gion became increasingly 
negative (flo~ from l eft to right when airplane is viewed 
from the rear) . TLis effect may be accounted for by the 
s 11 ps tre am rot Bti on. 'J:'be vertic a1 tai 1 was in the region 
of the rotating flow from the unper half of the propelle r , 
which for ri ght - hand p:..'opaller operation cauGed the air 
to flow from left to rieht. A further eff3~t of the Jro
peller rotation was a lateral disr1acement (towa~d the 
right ) of the s l ::'pstream in the region of the vertical 
tai l due to the t~ne:ential-velocity compon ents of the 
rotating flow. The reoult was that,as the a'rplane was 
yawed nose left (negat: ve yaw), the verti cal tai 1 tended 
to move into the center of the slipstream and the side 
wash beca.me increasingl~T negnti ve; as the a1 rp1ane was 
yawed nose right, however , the vertical tail tended to 
move away from the center of the slipstream and the side 
wash became decreasingl y ne g ative. These t endencies 
indj c ate that increa.sing the slipstream rotation tends 
to incre a se the destabilizing effect of the sj de 1Nash. 

The effect of the increas ed Gynarr~c pr essure at tho 
vertica l tail due to the propeller slipstream was to 
increas e the contritutton of the vertical tail to the 
atrp1ane di r ectional stabili ty, inQsmuch as the average 
sidewash was never lerge enough to cause the contri1ution 
of the vertic&l tail to be destabtlizing. Surveys 
(fig . 17) sho\l·ed th8.t the dispositIon of the slipstream 
at the vert i ~al t ail was such that the !nb.ximum dynamic 
pressure occurred at the se ct i ons near the middle of the 
ta'l for zer o angle of yr;.w and at the sections about on8 -
third of the tail height bove the top of the fuse luge 
for other angles of yaw . The dyn3.mi c pressure was a 
miniwum at th e bottom of the vertical tail as a result 
of the l arge dynamic-pressure 10SS8S du~ to the fuseL-ge 
and canopy wakeB . The disp1 o.cerrent of the slipstream 
with r e sp ect to the vertical tAi l, 9.S the angle of yaw 
is changed in either direc ti on, c ~m be observed from the 
dynamic - pressure measurements . The result~ (fig. 17 
and table IV) ShO N that the dynardc pressure at the 
vertical tail is hi ghest for negative angles of yaw 
and is l owest for posi ti ve angles of y aw . These results 
indicate that the contribution of the vertical tail to 
the dire ction3.1 stnb1 1ity of t he airp l ane Vori th the propel ler 
operating will be g r petast at negative angles of yaw. 

Effect of slipstream on vertical tal1.- Experiment a l 
increments of 1 ater a l-force tind y awing - roomen t co effi cients 
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due only to the effects of the pr op e l l er slipstre am on 
the ve rtical tail surface ere obtained from the data of 
fi gu re 8 . The increments, which e. re the difference betwe en 
the increments of Cy and Cn due t o the vertical tail 
with the prope l l er operating and with the propeller 
removed , are shown in figure 18. In general , t hese 
results substantiate the conclusi ons drawn from the air 
f low surveys in regard to the effe cts of the propeller 
sli pst ream on the verti cal-tai 1 contri buti on to the ai r 
DIane directional stability. lhe varia tion of 6Cn ~ , t 

s 
wi th angle of yaw i. s such as to d e creas e the airplane 
di rectional stab:lity at high positive angles of ye.w 
and t o increase the di rectiona l st a b i l i ty at high negative 
ang l e s of yaw . Except at Tc = 0 . 01, at which the 
eff e cts of the slipstream are smal l" t he directional 
stabi lity is increased for all conditi ons in the low
yaw - angle rang e (bet ,,'een ±5°) as a resul t of the s lip 
stream . This stabilizing effe ct of the slipstre am at small 
angles of yaw increases as the t hrust coefficient increases . 

The total increments of Cn and Cy due to the 
ve rt:Lcal tail are g iven in fi gure s 19 and 20 for the con
d.itions with the propeller ope r 8.t i ng. These increments 
we r e obtained from the data o f figure 8 as the differences 
betwe en the p rope lle r - ope r a ti ng re suIts wi th the vertical 
t a il installed on the airplane and with t~e vert -=- cal tai l 
r emoved . Al so shown in fi gure s 19 and 20 are increments 
of Cnt and C

Yt 
tha t were calcu l ated from equations( l ) 

and (2) by use of the ai r - flow- surve y data i th the p ro 
pellG r ope r ati ng and the effec t i ve lift-curve slope of 
the ve rtic a l tail de t e r IT' ineo. from the da ta f or the 
propeller- rewoved cond itions . Cur ves showing t he varia
tions of the ai r - flow fact or wi th ang l e of y aw f or the 
prope l le r - operating condi tions are gi ven i n figure 21-
The agree ment be tween the cal cul ated and the experimental 
r e sults sho~n in figures l q and 20 is good. 

Experirrental values of the slope 
d (\J.r - a a v) ( q/ qo ) a v 

d.\jJ 

which is used in equati ons (3) and (4) for calcul a ting 
the contribution of the verti al tail to the airp lane 
d.irectiona l stabili ty, a re given in table V. These 
val ue s show that the e ffe c t of the vertical tail in 
increasing the airp lane directiona l s t ability is greatest 
for t h e conditions with the hi ghes t thrust coefficients 
and decreases as the thrust coefficien t d e creases. 
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~merical values o f Cn and Cy~ 
~t t 

obtained from the 

f orce tests and calculated from equations (3) and (4) 
by use of the air - f low- survey data and the tai l lift
curve slope p reviously de termined are also give~ in 
t ab l e V. The sat isfactory agreement between the results 
indicates that little change in the effective slope of 
the lift curve of the tail occurs as a result of the 
propeller slipstream . 

DIP~CTIONAL ~RIM 

The r esults of the r udde r-effectiveness tests are 
given in figures 22(a ) to 22 ( c) for the airplane with 
t he flaps retracted and the prope ller operating to 
simulate a g liding condi tion and two low- speed climb 
condi tions a nd in figu r e s 22( d) and 22( e) for the air
p l ane with the flaps de fl ected 500 and the propeller 
ope r ating to simul a te a l anding and a wave - off condi 
tion. The results of the tests wi th the propeller 
remove d are g i ve n in fi gure 23 for the ai rplane with 
f laps r e tracted and wi th flaps deflected 500 • The more 
import ant r esult s of t he r udder - effectiveness tests are 
summarized in figure 2iJ. , which shows curves of dCn/dO r , 

(0 r)Cn=O, and (CY) Cn =O plot ted against angle of yaw 

fo r each condi ti on in ves ti gated . All the values of the 
slope dCn/do r we r e illasured a t ze r o rudder deflection 
as a basis fo r comp arison. 

Fo r the propeller - removed concii tions, den/do r 
reache s its mini mum value near ze r o angle o f yaw and 
incre a ses as the angle of yaw is increased in either 
direction (fig . 24). The dynamic-pressure losses at 
the vert i cal tail are greatest at zero yaw , and the 
loss e s decrease as t he angl e of yaw is incr eased in 
eithe r d irection. Fo r the propeller-operating conditions , 
the r udde r e ffecti veness increases as the thrust coef
ficient incre ases from one particular condition to 
ano t her because of an i nc r ease in the dynamic-pressure 
r a tio a t the vertical tail (fig . 24) . t or all the con
ditions inve stigat d wi th the propeller operating, 
except the g liding condi tion with f l aps retracted, 
dCn/do r a t tains its Il1axi mu. v a l ue a t h1gh negati ve 
angl e s of y a w and 1 ts mi nimum v alue at high positive 
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angles of yaw (fig . 24); the dynamic pressure at the 
vertical tail reaches its maximum value for high negative 
an gles of yaw and reaches its minimum value for high 
positive an2 1es of yaw . An analysis of the test results 
showed that the va l ues of dCn/dO r are very nearly 
directly proportio n al to the dynami c - pressure ratio at 
the vertical tail . 

TI~e rudder deflections and angles of sideslip required 
to trim simultaneous ly the airp l ane yawing moments 8.nd 
l a ter a l forces for each condition investigated were 
determined from the data of figure 24 and are gi ven in 
table VI . For the conditions with the propeller removed, 
the data show tha t the values of or and ~ for ze ro 
yawing - moment coeffi cient are small. For the conditions 
with the propeller opera.tlng, the data show that the 
rudder deflections re quired for directional trim are 
gre ~test for the two low- s?eed high-power conditions. 
( See table VI .) These deflections, however , are con 
siderably lower than the maximum avail able rudder travel 
on the Grumrl1an XF6F-1-l- a1 rplane . 

The data show tha t the runount of rudder defl ect ion 
r equired for d irect i onal trim in c ny conoi t ion is 
primari l y dependent on the effects of the propeller 
sUpstream on the vertical tail an d on the vL'ng - fuse l age 
combination and , to a lesser degree, on the direct effect 
of the propeller forces . The increments of Cn and Cy 
at zero yaw due to the effects of the slipstream on the 
vertical tail , the effects of the slipstream on the wing 
fuselag e combination, and the direct effect of the pro 
neller forces are given in table VI I for the wave - off L _ 

and 10'l- s p eed climl") condltions . Of the total i n crement 
of Cn at zero yaw due to propelle r op eration for the 
low- speed- c li mb condition, 77 pe rcent was due to slipstream 
effe cts and 23 percent was rtue to the effects of the pro 
pel l er f orc es . For the wave - off condition, 98 percent of 
the total increment of Cn at ze ro yaw due to prope lle r 
operation was caused by slipstream eff e cts. 

The curves in figure 24 of (or) C =0 a g ainst lV , 
n 

besides indlcating the rudder de f lections r e quired to 
trim the 8irplane yawing moments , are a measure of the 
airp l ane directional stability. The conclusions 
re g a rdi ng the airplane directional st a bility character 
istics , which arJ derive d from the se results, are s ub 
s antially the same as those der iv ed fro~ th e curves of 



NAC!;' ARB No . L5 E0 9 

fi gure 8 showing t he vari & t i on~ of Cn agains t $ 
for or = O. 

S U M M AR Y 0 F R E S U L T S 

21 

Da t a a r e p re s e nted of measur ements made i n t he 
Lan gley f ull- s c a l e tunne l on the Grumman XP6F-4 air~ lane 
to i nvesti g e t e the f s c t ors af f e cting t he direc t i onal 
st ab · l it y a nd t ri " cba r acte r i sti c s of a t yp ic a l f ight e r 
t yp e a:i.r p. an e . Al though t h ese c""\ at a r e qu an ti t a t i ve 
for thi s pe. r ticu l a :{' a i r p l ane , t r.. e tr'ends a re beli e v ed t o 
be gene r ally a np l ic ab l e t o re a sonab l y s imilar ai r planes . 
The r e sults are SU'lT!l" rize d as 1'0 1 10 'IS : 

1 . Fo r t he c ondi tions i nve t i gated , the va l ue of 
t he di rec t i onal - st ability p ar ame te r Cn a t ang l es of 

- \jI 
y a.vl be twe en ±5° v'as s malle s t f or t h e g li ril n g condi t~.on 
'i t h f l ap s ret ::.'act e d (Cn = - 0 . (0015) and ,"as :::. a r gest 

,11 
f or t he w ve - off cona! t i on i t h f l aps def l ec t e d 500 
(Cn , = - 0 . OOl h7) . 'i ii th h e vah~e s measur e d. i n the 

1J 
low- yaw- ang l e range us ed a s a r e f e r ence , the airplane 
d i r e c t i ona l s tabi Ii ty f 0::" the concli ti. ons '."i th higb. 
thr u s t co effi ci en ts was dec re ased at l ~ rge pos ~ tlve 
angle s of yaw and wa s i n c. r e8. s e d a. t la r-ge negat~ v e 
angl e~ o f -;;' e.w . 

2 . 701· t~lf) 'F6H'-h airp l ane , t he -vari~tion of avora6 e 
si de 'i.ra sh aJ.'J.g le t t'le ver ·ci c a l toi l "ith ar:g l e of yp.w 
wa s geners.lly su ch a s to de c.r e8.f:.e the co:ntri bution of 
t he ve rtic a l tai l t o the aiI'9 18118 dire c tion 1 stabllity . 
Propelle r ope r ati on increased t he II1::1gr.t t ud e of the 
6.e s tabilizin s eff ec t o f t he s.idewash bu t , a t 8r;1D.l l angles 
of yaw , also increased t~e dynarri c p~es s ure at the tdi l 
suf fic i ently t o reake tr..e co ~blne6. effect s t abil zing . 

3 . The 1J'rt ng - f u se l age cO'Tlbinatlon wi th f l aps retracted 
was dJ_ r e ct i on 8.11y uns tc::ble .fo r the an..gle - of - a t tacli: ro.nge 
inve s t i ga t ed . Increas i ng the ang l e of at t ack and 
d efle cting the f l aps decreas ed the unstab l e var iation of 
y awin c;- mo11ent coeff i c i ent ·;i t Il an g l e of yaw of the wing 
fus01age c ombin2t i on. 

4. Fo r e ll the c o~ji tions investiga t ed wi t h the 
fl aps r e t n::.ct ed , the c on t r i bu ti on of the prope l ler 
dec r eb s e d t h e dire ct io:r:a l stabi1 i t y of t he 8i r~)18nc at 
smal l an g l e s o f yaw . V\.'i t h t he f l Rps deflected soo at. 
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smal l ang l es of yaw , the contribution of the propeller 
in reased the ai rp l ane dJ.rectionc:,l s tabili ty apprectab l y 
for the VJfl.ve - off condit i on, decreased the airplane 
directional st&bi l ity s l i ghtly for tbe lallding condi 
tion , and caused no appreciab l e change in the stability 
for the landing - approach c ondItion . 

5. The propeller s l ip tream increased the contri 
bution 0: the ve r ti c a l tail to the airplane directional 
s t abi lity a t small angl es of yaw . As a r esult of the 
l ateral disp l acement of the slipstream with respec t to 
the verti c a. l tai l, t he c ont r ibut ion of the vertical tai l 
to the ai r p l ane directi onal stability was g r eatest at nega
ti ve al1liles of ya'l.' and. w s sr:,allest at poqi ti ve angles of yal,~ . . 

6. The des t abi 11 zi n g contri but ion of the vli.ng 
fusela.ge combination t o the directional ste.bili ty of the 
airplane fo r the conditions with the flaps retracted , at 
angles of y a w be t ween ±5° , was incre ased by the e ffec t s 
of the p r ope lIe l' sl i ps trean1 • Tb e direc ti onal s tabil i ty 
of the airp l ane for t he condi tions wi th tr..e flaps 
deflected 500 was not chan ··e~ appreciably by the slip 
strAam eff ects on he win~-fuse l a~e comb nation at angles 
of yaw between 50 8.no. - 150 but was consider ably decrease d 
at angles of yaw bet~een 50 and 150. 

7. 'l'he amount of rudde r deflection required for 
directiona l trim is p r imcrily dependent on the slip 
stream effec ts and onl y s ecoC"lcl a ri 1y dependent on the 
direct effect of the prop6ller forces . Of the total 
increment of yawi ng - moment coeff cient at zero yaw due 
to propel l er operation for the l ow- speed c l imb condi tion, 
77 percent was due to s li ps ream effects and 23 percent 
was due to the eff ects of the propeller forces . For 
the wave - off condition , 98 percent of the total increment 
of yawing - n oment coeffi ien t at ze ro yaw due to prope l le r 
operation was caused by s l ipstream effects . The wave - off 
condition , at a 11f t coefficient of 1.39 , required the 
larse st amount of rudder def h ·c tioD for t r im (0r = -18. 50 ) . 

8 . A compar ison of the r 6sul ts of tJ::s Gxtensi ve airflow 
surveys with the results of the force t.ests rr:ade t,o ssible the 
dete r mi nation of a v a l ue for t he eff'ectlve -lif't - curve 
slope of the verti c a l ta~.l; tbis value pe r mit t ed 
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calculation of the contribution of the verticFl t~l to 
t11e directional stability of the airplane within acce9 t -
able l imi ts . 

Langley r~el!'o rial Aeronautical Laboratory 
]\Iat iona l Advisory Cornrritt ee for Aeronauti8s 

Langley Field , Va . 
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TABLE 1. - VALUES OF Cn AJI!D Cy FOR COMPLETE AIRPLANE "'11TH PROPELLER OPERATING 
\jI \V 

5f 
r< Cy Condi ti on a v· vnl!J Power CL 

] - \jI 
(deg) (deg) (mph) ( a) ( a ) 

Climb Ra t ed (Tc = 0.05) 0 1.0 0.24 235 -0.00050 0.0075 

Climb Ra t ed (Tc = 0.11) 0 3.4 .43 176 -. oooh3 .0075 

Climb Ra t e d (To = 0·30) 0 8. 9 ·96 118 -.00046 .0076 

Climb Rated (To = 0.5 1 ) 0 12·3 1.39 98 -.00033 .0070 

Gli de Id ling (Tc = 0. 01) 0 9· 2 .83 127 - .00015 .0043 

Landing 8.9 proach 0.65 r ated (Tc = 0.33) 50 5. 8 1. 37 99 -.00066 .0099 

Wave - off Ra t e d (Tc = 0.51) 50 4.9 1. 39 98 -.00147 .0197 

Landing Idling (Tc = 0.01) 50 11. 8 1·58 92 -.00046 .0038 
~-------------- - - - - - ~-- _ . - - ---- -- - - -- ----- - --- '----

aVal ue s gi ven for s lope s a r e average value s b e tvveen \jI:::: 50 and \jI = -50. 
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TABLE 11 .- WEIGHTED AVERAGE VALDES OF SIDEWASH ANGLE AND DYNAMI C-PRESSURE RATIO AT z 
VERT I C AL TAIL; PROPELLER REMOVED g:; 

FLAPS RETRACTED 

, I' I I I 
I ~ J ! ) I 1\ ( ' I ° a v ~ I °av q °av I I q I °av q 
( deg ) qo I ( deg ) I (qo (deg ) I ( qOj I ( deg ) qo \ 

\(r av I av \: av )av! 

(deg} ---a. = 1.00 I a. = 3.40 a. = 9 .2 0 a. = 13.0 0 

CL = 0 .23 I CL = 0 .40 ! CL = 0. 83 cL = 1.08 
- - 14 .6 -0.11 1. 00 -1.7 10.9lt. -2.2 i 0 . 88 -2.0 0 . 82 

-9 . 9 .1,.. . 98 . 0 , . 96 -1.7 . 88 - 2 . L!. .78 
- 5 . 1 .3 . 97 I . 1 i . )4 -1. 3 . 91 -1 .2 . 85 
o 1 .2 . 92 I . 6 " . 91 -1. 0 . 87 0 . 71 
5 .0 . 8 . 94 .7 . 93 .8 .90 I 1.7 .88 

\ 

10 .0 1.1 \ 1. 0 0 1.0 1 .00 2 .1 I ·90 I 2 .1 . 77 
1)+ .7 I 1.4 .97 1. 9 . 96 2 .2 .86 1.5 ·77 

FL/~S D~LECTBD 50 0 

° a v I (i~)av °av I 
(qq~)av ° av . (q ~ 

( deg ) : ( deg ) I ( d e g ) I-
V 

I qOJ a v 

( deg ) a. = 5.60 a. - 6 :z.0 a = 11. 80 - . ./ 
CL = 1. 09 CL = 1 . 11 CL = 1. 56 

- 14 . 6 -2 . 8 0 . 9~ - 2 · 9 I 0 .95 -2.8 I 0 . 88 
- 9 ·9 -3 .2 ·9 - 3 .9 · 93 - 2 ·9 . 88 
-5·1 -4 . 3 .94 

I 
-1+ . 2 ·90 - 1.9 . 88 

0 - 2 . 1 · 92 - 2 .0 · 90 -1.7 . 86 , 
. 6 5·0 ·4 · 92 I · 93 -7 · 90 

10 .0 1· 5 . 98 1 . 8 . 96 1.2 · 91 
I 14 . 7 1.4 I ·97 1 · 7 I . 96 1.7 · 92 

~ 

~ 
~ 
::cJ 

!z: o 

t-t 
V1 
'I: '0 
-.D 

N 
V1 



TABLE 111.- CONTRIBUTION OF VERTICAL TAl L TO Cy AND C ; PROPELLER r.E ~.r,()vED 
\)t n\)f 

I I C ! C 
d(1\J - " )!L ') YWt + n"t 

Q 5 f a v ( qo / a v ( a) ( a) 
(deg ) CT (deg) I d,jI - Fro;n force I ca l culated Fro'" forc e Calculated-

.LJ 

. I (a) t e s ts I from surveys t e sts from survey s 

1. 0 0 . 23 0 
I 

0 .94 \ 0 . 002 1 0 . 0019 - 0 . 00086 - 0.00087 

3 . ~. . L,.3 0 . 9 1 . 0019 . 00 1 9 -. 00089 -. 00084 

8 . 9 .So 0 .74 . 0012 . 001 5 - . 00070 - . 00069 

g . 2 . 8 3 0 · 7 1 .0012 . 00 14 
I - . 00058 -. 00066 

I 
I 

I 1. 04. ·58 
I 

12·3 0 . 0010 . 0012 I - . 00050 - . 00054 
, 

h . 9 1. oli 50 · 55 . 0011 . 00 11 I - . 00060 - . 0005 1 

5 . 8 1.11 50 I ·48 . 0010 .0010 -. 0'J06 6 -. 00045 

I 
11. 8 1. 56 50 

I 
. 64 .0012 . 0013 - . OOOL~3 -. OOO5Q 

aValu e s gi ven for slop e s a r e a ver age val ues bet\'veen \)f = 5° and \lJ = - 50 . 
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Angle of 
yaw, If 
(deg ) 

-14·6 
-9·9 
-5·1 
0 
5·0 

10.0 
14.7 

Angle of 
yaw, 1/ 
(deg) 

-14.6 
-9·9 
-5.1 

0 
5.0 

10.0 
14.7 

---

(Tav ~Jav (deg) 

a = 1.00 
CL = 0.24 

TABLE IV. - WEIGHTED AVERAGE VALUES OF SIDEWASH ANGLE AND DYNAMIC-PRESSURE 
RATIO AT THE VERTICAL TAIL; PROPELLER OPERATING 

FLAPS RETRACTED 

(Tav (q;)n (Tav (~Jav (TaT ~Jav (deg) (deg) (deg) 

a = ~ .4° 
CL = 0.4~ a = 8.90 

CL = 0·96 
a = 9.20 

CL = 0.8~ 

(Tav q~av (deg) 

a = 12.~0 
CL = 1.~9 

Rated power (Tc = 0.05) Rated power (Tc = 0.11) Rated power (Tc = O.~O) Tc = 0.01 Rated power (Tc = 0.51) 

-2.2 1.16 - ~ . 6 1.~O 
- 1.5 1.21 -~. 5 1. 6 
-.b 1.16 -2 .b 1.17 
-. 8 1.12 -1.7 1.20 
-·7 1.09 -1. 1 1..2~ 
- .1 1. 1b -.8 1.~1 
1.7 1.05 .8 1.14 

(Tav ~;) (deg) av 

a = 4.90 
CL = 1.~9 

Rated power (Tc = 0.51) 

-7·9 2·74 
-7·0 2.~5 
-7·2 2.~0 
-5·2 2·57 
-~·9 2·5~ 

-~'r 1.7~ 
-2. 1.2~ 

~ 

-7·~ 2.18 -t·6 loll -12.4 
-5·2 1.~8 - .0 1.10 -12.0 
-5·7 1. 5 -2.1 1.00 -7.§ 
-~·7 1.6b -1.1 ·97 -6. 
-2 .6 1.76 1.0 ·90 -4·~ 
-2 . 1 1.71 1.0 1.01 -~J ·9 1. 26 1.9 ·97 

FLAPS DEFLECTED 500 

(Tav 
(qq;)av 

trav 
(deg) (deg) 

a = 5.80 a = 11.80 
CL = 1.~7 CL = 1.58 

0.65 rated power (To = O.~~) Tc = 0.01 

-6.~ 1.87 
-6·7 1.7~ 
-6.5 1.70 
-4·1 1.72 
-~·9 1.79 
-~.2 1.55 
-1.5 1.19 

--

-4.2 
-4.8 
-4.4 
-2.0 

.1 

l:t 
- --- --- ---
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2·54 
2.~4 
2.29 
2.5~ 
2.~ 
1. 61 
1.~8 

G)av 

1.29 
1.11 

·98 
·95 
·90 

1.02 
1.00 
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TABLE V.- CONTRIBUTION OF VERTICAL TAIL TO Cn .. AND Cy ; PROPELLER OPERATING 
I!Tt ~t 

z 
> o 
> 

(q\ 
d (W - (J a v) q) 

a. CL 5f o av 
(deg) Power 

(deg) d\jl 

(a) 

1.0 0.24 Rated (Tc = 0.05) 0 1.15 

3.4 .43 Rated (Tc = 0.11) 0 1.09 

8.9 .96 Rated (Tc = 0.30) 0 1.38 

9·2 .83 Tc = 0.01 0 ·70 

12·3 1.39 Rated (Tc = 0.51) 0 1.42 

4.9 1·39 Rated (Tc = 0.51) 50 1.77 

5·8 1·37 0.65 rated 50 1.31 
(Tc = 0.33) 

11.8 1.58 Tc = 0.01 50 ·51 

Cy 
~t 

(a) 
From Calculated 
force from 
tests surveys 

0.0025 0.0023 

.0022 .0022 

.0030 .0028 

. ooll~ .0014 

.0025 .0029 

.0039 .0036 

.0032 .0027 

.0012 .0010 

C
nwt 

(a) 

From Calculated 
force from I 

te.sts surveys 
, 

i 

! 

-0.00114 -0.00106 I 

I 

-.00099 -.00101 

-.00124- - .00128 

-.00062 -.00065 

-.00126 -.00131 

-.00183 -.00164 

-.00105 -.00121 

-.00050 -.00047 

> 
::0 
::0 

z 
o 

t'"' 
(}I 

::I:: 
o 
<t) 

aValues given for slopes are average values between ~ = 50 and W = -50. 
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TABLE VI. - DI RE CTIONAL TRI M CHARACTERISTICS OF THE XF6F-4 AIRPLANE 

Condi t i on Power of 
(deg) 

---- -- --- r 0 

----- --- - 0 
Propeller removed 

---- . --- - 50 

-- ------- '- 50 
Climb Rated (Tc = 0.30) 0 

Climb Rated (Tc = 0. 51) 0 

Gl1de Tc = 0.01 0 

'Aave-off Rated (Tc = 0. 51 ) 50 

Landing Tc = 0.01 50 

Or ~ 
a. CL (Cn = 0; (Cn = 0; 

(deg) Cy = 0) Cy = 0) 
( deg) (deg) 

9·2 0.83 -0·3 0.6 

13·0 1.08 .6 1.2 

5·6 1. 09 -.4 3·2 

11. 8 1. 56 6.0 6.0 

8.9 .96 - 11. 5 -7. 6 

12 · 3 1.39 -15·0 -11. 0 

9.2 .83 -3·0 - ·4 

4·9 1.39 '7 18.5 -4.8 

11.8 1.58 -3·7 - .4 
-- ~ 
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TABLE VII. - INCREMENTS OF Cn AND Cy AT ZERO YAW DUE TO 

PROPELIER oPERATION 

Increment due to 
effect of slip-

Condition Power stream on wlng-
fuselage 

combination 

~Cn ACy 

Low-speed climb 
(Of = 00,; 

a. = 12.3 0; Rated (Tc = 0.51) -0 . 0022 -0.064 
CL = 1.39) 

Wave-off 
(Or = 500 ; 

Rated (Tc = 0.51 ) -0.0146 . -0.028 a. = 4.9 0
; 

CL = 1.39) 
---. 

Increment due to Increment due to 
ef fect of slip- direct effect of 
stream on vertl- propeller 

cal tail forces 

ben boCy ACn ACy 

-0.0144 0.016 0.0049 -------

-0.0100 0.018 -0.0010 -------
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35 percent chord line 

I. 42'IOH .. I 

~·dihed;'al 

Wing area (including ailerons, flops, and 
48.5sq ft of body area) . .. .. ... . .. . . .. . . 334sq ff 

Control surface areas : 
Full flop area (NACA slotted) ..... . .398sq ft 
Total horizontal toil surface area .. . 77.84 sq ft 
Fin area (incl. 1.9 sq ft of contained 

rudder balance) . ........... . ...... .14.4 sq ft 
Rudder area oft of hinge 

(inc/. 0 .62 sq ft of tab) . . .. . .... . .. . . 9.0sq ft 

Engine . ... . . . . Pratt and Whitney R-2800 -27 
BHP normal rating) 1600 of 2400 rpm at 5700 ft 
Hamilton Standard Hydromatic Propellet; 

Blade Design 6501 A- O 
Propeller gear ratio, 2:1 
Gross wei ght, //, 400lb 

I' 33' 6/# .. I 

23/" 

Fuselage reference line 
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Figure /. - Three -view drawing of the XF6F-4 airplane. 
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Ca) Front view. 

Figure 2.- Grumman XF6F-4 airplane mounted in Langley full-scale tunnel. 
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t Rudder hinge 

i Elevator hinge 

Neon toil chord 
Tail fairing 

# 

t. 1'd It 1t-fd 
16 91 
~ 
61 

c::::::r < + -=
Section B-B 

c::::: JJ~ =-=-
Section A-A 
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Figure .J. - Sketch of empennage showing relation of tall fairing 
to vertical tail .$urface. (All dimensions are given in 

inchesJ 
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njure 4.- Line drowin!] show/nj combined pitch, JOw, and pjtof-static 
tube used for fhe surveys. 
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fa) Three-quarter side view. 

Figure 5.- Survey tube mounted in position for air-flow measurements. 
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