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NATIORAL ADVISORY COMM I TTEZ FOR AERO NAUTICS 

TECHNI CAL NOTE NO. 804 

.:I ~D -TUNNE 1 I NVESTIGATIO N OF THE EFFECT OF 

V3R?ICAL IOSITIOB OF THE WI NG ON THE SI DE FLOW 

IN THE ~ E GION OF THE VERTICAL TAIL 

By Isidore G. Recant and Arthur R. Wallace 

SUMMARY 

An i n ves ti g a tion of t h e air fl ow at t he t a il of a 
monopl a ne mode l was con ducte d in the NACA 7- by lO-foot 
win d tunnel to determine the caus e of the change in ver
tic a l-t e il effectiveness with a change in the vertical 
position o f the wing o n th e f u selage a nd with flap de
flection . 

Surve y s were made of t he dynam ic p re ssure a nd the 
air-stream an gularity in th e r eg ion of the tail for the 
co mbi n atio n of a circ u l ar 5use~ag e with an NACA 23012 
win g h avin g a 3 :1 t a~e r r a tio and a strai g ht trailing 
ed ~ e. Th e s urveys were mad e wit h the win g in hi gh and 
low p o s itions on t he fuselage and wi th a p a rtial - span 
spli t fl a p defle ct ed and nettral . Si mil a r measurements 
were mad e fo r t he wing alone and the fusel ag e alone . 
Force test s we r e a l s o made o f the com ple te model with the 
vertic a l t a il in pl a ce to determ in e the effect of win g 
position on the cha ract eristics of the vertic a l tail at 
l a r ge a ngle s o f yaw . 

It wa s found that t h e .yawed wing - fus e l a ge comb i na
tion produced a side fl01 wh ich incr eased the tail effec
tiveness by i n cr eas ing t he r a t e of c hange of verti c al 
tail an b l e of a ttac k wit h a chane e i n the a ngle of yaw 
when the win g was in the low posit ion and which tended to 
decre a se the tail effecti veness by d e c r e a sing this r a te 
of ch a nge ~he n the w in~ was i n th e high position. Flap 
defl e ction p ro du ce d a side flow that i n cr eased the rate 
o f chan g e of the vertic a l-tail a u g l e of att a ck with a 
change in angle of yaw re g a rdle ss o f wing position . The 
vertic e l tail of t he low - wing co mbinat io n g ave indications 
of stall at a smaller an gl e of y aw th a n the vertical tail 
of the hi g h -win g comb inat ion. 
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I NTRODUCT IO N 

The Na tional Advisory Co mmit t ee for Aeronautics is 
undertaking an extensive investigation of the lateral
stability characteristics of airplanes as affected by the 
geometrical arrangement of the component parts. The re
sults of a considerable amount of both theoretical and 
experimental research have been published on the deter
mination of the lateral-stability characteristics of the 
component par ts of an airplane (references 1, 2, and 3) 
and on the application of th ese characteristics to prac
tical design (reference 4). The interference effects on 
the lateral-stability characteristics have been experi
mentally determined for certain types of models (refer
ences 5 and 6). 

The data obta ined by these wind-tunnel stud ies in
dicate that it is not possible to add up the lateral
stability characteristics of the component parts of the 
airplane to obtain the lateral-st ab ility ch aracteristics 
of the complete airplane. The aerodynami c interference 
produces forces and moments of an app r eciable magnitude, 
which may exceed the sum of those of t he individual 
parts. One of the most im portant of these interference 
effects is the change in the forces and the moments con
tributed by the vertical t a il with the vertical wing po
sition and with the flap deflection. For example, it was 
found that the same vertical tail was about twice as ef
fecti~ wh~the wing was in a low position as it was 
when the wlng was in a hJ.gh- position. 

The present report describes results obtained from 
wind-tunnel tests to d.etermine the cau s e of t ·he change 
in stability contributed by the vertic a l tail with a geo
metric arrangement of the model. Analysis of the results 
of reference 6 indicates that the change in the contribu
tion of the vertical tnil with vertical wing pOSition and 
with flap deflection was probably caused by change s in 
the dynamic pressure at the tail and i n the angle of at- ' 
tack of the tail. Surveys were t he refore made of the 

namic ressure and t h e air-stream angularity in the 
re ion of the v err~l tail for th e combination of the 

age an d th e straight ·trailing-edge wing of 
6 . Because it was thought that the interference 

may influence the stalling ch aracteristics of the vertical
tail surfaces, force tests were also conducted through a 
large range of angles of yaw. 
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MODEL AND APPA~ATUS 

Th e mode l t ested is a combina tion o~ t he circular 
fus e l a g e ancl t he s trai gh t tra ili ng- edge w i ng used in the 
te sts of re fe renc e 6 . (See f i g . 1.) Th e wing, wh ich is 
fully des cri bed i n ref e r ence 3 , has an NACA 230 1 ~ pro -
f i 1 e . i s t ap e' re d 3 : l, 11 as i 'b s ma x i J.!l urn u 1) per - su r f a ceo r -
dinates i n o~ pl an~ . and i s not t 1{sted. The dihedral 
angle of the p lane of the sect ion chor d li nes exclusive 
of the tip por ti on i s 1.45° . The win g a rea is 4 .101 
square feet and t h e aspec t rat io i s 6 . 09 7. The angle of 
sweepback , meas ur ed to the l~n e of section qua rt e r-chord 
points, is 14 °. It ' was set at 0° , i n ci ~en ce to the fuse 
lage center line . 

The vertical t a il i s o f NACA 0009 section a n d has an 
area of 53.7 square in ch e s , wh ich i ncludes the part of 
the fuselage sho\,m in f i g ur e 1. Th~ n,s :pe c ,t ratio of the 
tail, based on this area and a t ai l span m~asured fro m 
the fu s elage c e nt er l ine , i s 2 . 2 . 

Th e 20 - pe rcent-ch or d sp l i t fl ap , made of 1/1 6-i nch 
steel ~la t i . was attached to the wing a t an angle of 60 0 

and extended ovet 60 ne r cent of th e s pan at the center 
section. Fo r the hig~- w in g ,pos i ti on th e c entir s~ction 
of the flap was ' c ut a\':ay to a llo ,« f or the fusela_g~ and 
the gap between the , fuse~age an d the flap wa S s~~led . 

The t e s ts were mad e i n t h e RACA 7 - by IO-foot wind 
tunnel with the r egul ar six - component ba l ance. The 
clos e d -th r oat tunnel i s des crib ed in r efe r en ce 7 and the 
b a l ance is des crib e1 in r efe r ence 8 . 

The drnam ic pre ssure and the, air-stre am angularity 
were measured wi 'th a b a nk of pi tot-y aw tub es connected 
t o a dire ct-read ing mult i ple -tub e manome te r . The bank of 
pitot-yaw tubes wa; so moun ted' as t 'o be e asi l y moved over 
a con side rable d ist an ce in any d irection with res pe ct to 
t he mode l. 

TESTS 

The tests were made a t a dy n am ic pressure of 1 6.37 
pounds p e r square foot, which corre s ponds to a velocity 
of about 80 miles per hour under s t anda rd conditions. 
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The t e st Rey n ol ds numb e r was' b out 60 9 , OOO' b a s ed on a 
me a n cho r d of 10 i n c h es. Bec a use of a t u.rbule n ce f a ct or 
of 1 . S f o r t he tunn el, th e effective Re ynol d s numb e r wa s 
a b out 9 7 5 , 00 0 . 

The su r v e ys of dynam ic p re ssure and a ir- st r eam a n gu 
l a ri ty wer e made with the v ert ic a l ta il r em ove d a nd with 
the mode l a t a n an gl e o f a t t a ck of 0° and a n g l es of y aw 
of - 5 ° , 0 0 , a nd 5° . Th e z e ro angl e of a tt ack \li as co ns id 
e r e d r ep r es en t a t ive b e c a u s e the t a il e f fec t i v eness d i d 
n o t vary g r e a t l y wit h anrl e of a tt a c k . The mod el arr a ng e 
men t s l or wh i ch sur v eys we re mg d e i n cl u d ed th e f u s ela ge 
and t h e wi ng ,se p a r a t ely a nd i n co mb i nat io n a s a h i e h - win g 
and a l ow - wl. ng J1lonopl ali8 • • 1.11 c Or"b i nat io ns i nv o l vi ng t h e 
win g we re t e sted wi t h t h e f l AP d e f l ect ed a nd n e ut r a l . 

Th e s u~ v e ys ~ e r e ma de i n t,o p l anes . One pl ane was 
v e rti i. ] B,t e.n as s u med rudder - h i n go> p o s i t ion 2 5 . 6 i n c h e s 
be h i n d t h e assum ed c e n te r of g r a v ity o f the mode l ( pl a n e 
B , f i g . 1 ) ; t h e oth er pl a ne wa s IHt!'i:l l l e l wi th a nd 1 / 2 
i n c h be h in d. t h e l e a (li llg e d.g e of L ,e v er t i c a l t El il ( p l a n e 
A , fi g . 1) . Both p l an o s wer e fi xe d wi t h r e s p ect to the 
t u n ne l 'b oc a u s e t h e v er+; i c al. ta i l o f t le mo ci e l mov ed f o r 
wa r d on l y a ne g l i g ibl e amount when yawed to 5°. Ho r izon 
t a l e lements o f bo t h p l a n es were p e r p e ndi c ul a r to t h e a ir 
str eam . Me a s urem e n t s were mad e ov e r a d ist a nce o f 6 in ches 
on ea ch s i d. e o f t .e ver t i c a l ce n t e r li n e of t h e t unnel i n 
l /2 -i nch i n c r emen t s . Ve r tic a l p os it i ons o f t h e s urvey 
plan e s a r e i n d i c a t e d in fi g; ur e 1 . 

Supp l em e n t a r y surveys of t he a ir- s tr eam an g l e were 
mad e at 0 0 an g l e of a tt a cc a nd 1 0 ° , 1 5° , 20° , a n d 25° 
ang l e s of y aw fo r t he l ow- wi n g c ore bi na ti on wit h th e flap 
n e u t r a l a n d deflected 60 0 . Th e se su rveys we r e ma d e o n a 
cr oss - t u nn e l li ne G. 26 i n ches a bo v e t ~ e fusela ge cent er 
l i n e , apd the p i t o t - y aw tub e s were moved sli gh t l y for wa r d 
wit h i n c re a s i n g ang l e of y a w to ke ep the m in lin e with the 
a s sum e d rudd er - h i n g e pos i ti on . 

For c e tes t s were a l s o ma d e At an gles of a tt a c k of 0°, 
50 , l Oa , 1 2 0 , a n d 1 4 ° for fla p n e u t r a l a nd a t _ 50 , 0°, 5 °, 
8°, a nd 100 for fl a p de fl e cte d 60 0 • At e ach a n gle of a t 
~ a c k the mo de l was y awe d t h rough a r an g e o f -10° to 50 ° . 
Both lo w- wi n g an d hi gh - wi n g co mb i na tio n s wi th t he v e r t ic a l 
t ail in place we r e te sted in t h i s man n e r. 
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RESULTS AND DISCUSSION 

The da ta , wi t h primes to indic ate wind axes, a re 
gi ven in st a n dard nondimension a l coefficien t form. Th e 
co eff icien t s for the f us ela g e ,are based on the dim ensions 
of ti1e win g . 

Cy 
I 

Cn 

where 

y r 

N I 

S 

b 

q 

and 

A 

qt 

t 

a, 

\jJ ' 

(J 

Cn ~ 
c- I 

'Y. V 
( d CL ) 

do, t 

lateral - force coe f ficient (Y'/q S ) 

y aw in g -mom en t coefficient ( N I /qSb ) 

l a ter a l force 

yawing moment 

win g area 

win g span 

free-stream dynamic pressure 

a s.pect r a tio 

dynamic pressure in r eg ion of t ai l 

t a il len g th 

~n g le of attack,degrees 

an g le of , yaw , degrees 

~i¢ewas& apgle, degrees, measured from wind 
ax is ( pos itiv e when it ten ds' to dec re ase 
the angie bf a tta~k of vertic a l tail) 

parti ·a l derivative of" Cn 
r wi th respect to 

'. 

p 'a rt i a l · derivative of Oy I wi th res p ect t o 

1 
IjJ I 

slope of vertical-t a il lift curve wi th respect 
to angle of at·tack 

The subscrip t t refers to the t a il. 
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The forces and the moments are given with respect to 
the wind axes that intersect at the center-of-gravity 
location shown in figure 1. 

Preci s ion.- The measurements taken are believed to be 
within the following limits of accuracy: 

a. 

\\f' 

Cy I • 

C I. 
n 

± 0.2 0 

± 1/4 0 

± 0.001 

±0.0002 

±2 percent 

Force-test data.- Force-test data of the model and 
its component parts are presented in reference 6, and the 
results for a. = 0 are summarized in table I. From the 
data of table I the contributions of the vertical tail for 
the several model arran g ements have been computed by de
ductin g the values of Cn'~ and CY' \\f for the model 

without the vertical tail from the values for the model 
with the vertical tail. These vertical-tail contributions 
are g iven in table II. 

The data of table II show that the directional sta-
bility Cn' contributed by the vertical tail in the 

Wt 
presence of the high wing with flap neutral is 35 percent 
less than that contributed by th e t a il with the wing ab
sent. Wit h the flap d eflected 60 0 , the stability due to 
the vertical tail of the hi gh-win g combina tion is 19 per
cent less than that of the tail with the wing absent. 
When the wing is in the low position with 6i = 0 0 and 
60 0 , the directional stability contributed by the vertical 
tail is 35 and 56 percent, respectively. greater than that 
contributed by the tail with the wing absent. It may also 
be noted that, with t h e win g in either the high or the low 
position, the deflection of the flap increases the stabil
ity contributed by the vertical tail in the presence of 
the combination. the increases being about 25 percent for 
the high position and 15 percent for the low position. 

Th e rate of chan g e with the angle of yaw of lateral 
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force c ont ributed by t he vertical t a il C ' is also 
Y \jJ t 

affected by the wing positinn ' and the fla p deflection. 
Wi t h the wi ng in the h i gh position, Cy ' is decreased 

\jJt 
41 percent an d 33 pe rce nt when .Bf = 
spective l y, a s co mpa red with CY" II 

0 0 and 60 0
, re

with the wing absent. 
, IjI t 

The low - wing co mbination increas es C ' 
Y \jf t 

by about .20 

percent wh en and 44 percerit when As 

in the c ase of the dire ctiona l stability, the lateral 
fojce Cy ' is increa sed by flap deflection regardless 

\jJ t 
of wing pos i t ion, the incre as e bein g about 1 5 percent for 
the high - win g co mbination and 20 percent for the lo w-wing 
combination . 

Th e yawing moment pro d uced b y the vert ical tail is 
general l y a ssumed to oe the forc e of the t a il applied at 
some dis tan ce f ro m the ce n t er of g ravity of the model. 
Expressed in coefficient form, t h i s moment may be written 

C ' l 
= _ ,~!L 

b 
C ' 

n \jJ t 

where l is t he len g th of tai l from the ce nter of g r av ity 
of the model t o the center of p re ss ure of t he tail. 

It wil l be noted from table II that t he percentage 
chan g e in C' does not correspo nd to t h e percen t age 

n ~J t 
chan ge in Cy ' , 

V t 
as r e qui red, bye qua t ion (1), but the 

values do correspond as ~losely as could be expected con
sidering the . experimental error and the possibility of a 
small shift in the cente~ of p ressure of t he tail. 

The l a ter a l force contri bute d by the vertical tail 
may be wri tte n 

Y I = (d' c L ') . ex. - . C' -:.; I q S 
t d ex. -{ t qt St - Y \II t ' 

or 
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Oy I = ( dOL) o,t qt ~ 
\jJ t do, t W, q S 

The terms St. S, W'. and q were the same for all tests. 

The term (dOL/do,)t' which is the slope of the tail lift 

curve. should be the same for all cases because it is a 
function mainly of tail section and effective tail aspect 
ratio. In a smuch as the data of table II indicate that 
Oyl varies considerably with the wing position and the 

Wt 
flap deflection . it is logical to conclude that the only 
remainin g quantities, o,t . a nd qt' must vary with dif
ferent model conditions. 

Dynamic pressure in the region of the tail.- The pos
sibility of a change in dynamic pressure in the region of 
the tail with a variation in the wing position was first 
investigatec. The re sults a re p resented in the form of 
contours of equal dynamic-pressure ratio qt/ q superim
posed on a rear view of the model and are shown in figures 
2 to 4. The values of qt !q shown are averages of meas
urements made for W' = ±5 0 • 

Th e fuselage alone reduced the dynamic pressure in 
the region of the tail. (See fig. 2(a).) The greatest 
reducti on was confined to a r egion near the surface of 
the fuselage and was probably caused by the thic~ening of 
the b~undary layer toward the rear. An aver age dynamic 
pressure. weighted according to loc a l chords, was taken 
on t.h eta i 1 ve r tic ale e n t e r 1 in e • I t ;-J a s f 0 un d t hat the 
dynamic . pressu,re was 8.9 'percent belo;-! the free - stream 
dynamic pressu~e: e wake of the w{ng ~lone with the 
flap . undef~ected .also reduced the dynami6 pressure in the 
region of the tail (fi g . 2(b)). When · the wing was in the 
position it would occupy as a high wing. its wake struck 
the tail near . the fuselage-tail junctuie. With the low
wing p~sition~ ho we ver. the entire tail was outside the 
wake and the dynamic pressure at the tail probably was 
unaffected by the wing wake. Contours for the wing alons " 
with fiaps deflected 60 0 are not sh~wn but, because the 
flap deflection lowered the wing wake, the tail dynamic 
pressure should be less affected by the wing alone with 
the flap deflected than with the fla~ neutral. 

The effect of the combination of the fuselage and the 
wing in the hi g h position on the tail dynamic pressure is 
shown in figure 3. With the flap undeflected (fig. 3(a), 
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the additive effect of "the fuselage boundar y layer and 
the win g wake is reflecte d in th e ld w v a lues of the 
dynamic - p r ess ure ratio in the re g ion t ha t would be occu
pied by the base of th e vertical tail. " Nevertheless , 
the larger po rtion of the tail area was outside this 
region of g reatly reduced qt/ q • The 'weighted average 
dynamic p ressure wa s computed to be 12.8 percent below 
free-stream dynamic pressure. When the flaps were de
flected 60 0 (fi g . 3(b), th'e wak e was lower ed and the 
tail dynami c pressure was only 4.5 percent below free
stream dy n am ic pressure. These percentage s, of cour se, 
would be somewhat different for a vertical tail o f a dif
ferent shape and hei ght. 

The effect of th e comb,ination of the fuselage and 
the wing in the lo w position on the t a il dynamic pressure 
is shown in figure 4 . With the flaps unde flected, there 
was a sligh t reduction of dynamic pressure, practically 
the same as for the fusel age alone. The weighted average 
shows this reduction to be 8.5 percent belo w free-stream 
dynamic press ure. Wit h flaps deflected 60 0 , the tail 
dynamic press ure wa s about 2 percent beyo nd free-stream 
dyn amic pressure. 

From the , foregoing discussion it will be seen that 
the change in the dynamic pressure at the tail with a 
change in the wing position c an account for only a small 
p ortion of the chan g e in t he tail effectiveriess with the 
wing positi on. Even when the wing con d iti on has a maxi
mum effect on qt/ q (high wing Sf = 0 0 ), ' the dynamic 
pressure at the t ai l was r ed uced only abou t 12.8 percent . 
The inadequacy of th e ch ang e in the t a il dynamic pressure 
as an explanat ion of t he change in tail ef fectiveness is 
even more marked in ' the c a se of the low- vling combination 
for which the tail lift was incre ased by about 20 percent 
while the tail dy~amic pre ssure was reduce d ,slight ly . 
Thus, because all the other term~ ~f ~quation (3) have 
been account'ed "for , it appears that the c hange in tail 
effectiveness ' with ~ in g pos it~on must be l argely caused 
by a change in the angle of attack of t he tail wi th the 
wing position . ' 

Sidewash a n g l e' at the t a il.- The discussion in the 
previous sect ion s has i nd ic ated tha t the c hange in the 
tail effectiveness is pr i mar ily c aus ed ny a change in the 
angle of atta c k of the tail: 'If ' this assumption is true, 
when the model is set at a ' given an g le of yaw ~', the 
an g le of attack of the tail is not ~ I, but ~I - J , 
where J is an i ncremen t of the angle, and the magnitude 
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and the direction of rr depend on the wing position and 
the flap deflection. By analogy with the downwash angle 
of the horizontal tail, this increment may be termed the 
"sidewash ll angle. The existence of such a sidewash an
gle, which has been suggested in references6 and 9, is 
definitely established by surveys in the region of the 
tail; the results of these surveys are presented in fig
ures 5 to 12. The probable causes of sidewash will be 
discussed in a later section. 

From the foregoing definition of sidewash angle, 
the angle of attack of the vertical tail can be expressed 
as the difference between the angle of yaw of the model 
and the average sidewash angle 

o,t = \!f' - rr 

If this value of o,t is substituted in equation (3) 
and the expression solved for rr, an equation results 
that will give average sidewash an g les 

rr= - \jJ' 
Y \jJ 

[

c I 

(5 ) 

The aspect ratio of the vertical tail used in these 
tests is 2 .2. For this aspect ratio the slo'pe of the lift 
curve for the isolated vertical tail is 0.046 (fig. 3, 
reference 9). When this value together with the wing and 
the tail areas is inserted, equation (5) becomes 

(J 0 _\jI ,. r (CY 
' \!f t q) l ( 6 ) l 0.0042 ~ - IJ 

. Thus for \If ' = 50, the angle of yaw at v/hich the 
surveys were made, the sidewash an gles were computed and 
are presented in table III to g ether with weighted averages 
of measured sidewash angl es for co mparison. 

The computed values of rr are, of course, not exact. 
They depend on the slope of the lift curve of the isolated 
vertical tail, which, in turn, depends on the effective 
aspect ratio. The aspect ratio of the t a il in the present 
case, as has been previously indicated, is b a sed on a 
rather arbitrary area and span. If, for exa mple, the ex
posed area of the tail (45 sq in.) and the span at the 

J 
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assumed rudder-hinge line are used in computing the aspect 
ratio, there are obtained sidewash angles that are in 
closer agreem ent with the measured values. Th~se values 
are shown in the last column of table III. In any case, 
the values in table III indicate the direc tion and the or
der of magnitude of the sidewash angles to be expected. 

Contours of equal measured sidewash angles in the 
re b ion of the tail for the various model co nditions and 
for angles of yaw of 0° and 50 are shown in figures 5 to 
12. The results for ~ = 50 are averages of measurements 
made at \jJ = ±5° for each model condition. This proce
dure, in effect, removes any asymmetry that might have 
been presen t at zero yaw. The yalues ~or ~ = 50 are 
therefore not strictly comp a rable with those for ~ = 0 0 ; 
the values for ~ = 0 0 have been included only because ' 
they indicate the configuration or the pattern o£ the 
sidewash angles for the yaw condition of 0°. (The arrows 
on the figures indicate the direction of the side flow 
for positive and negative angles of sidewash.) 

At zero angle of yaw (figs. 5 to 8), negative and 
positive angles of sidewash were; in general, distributed 
symmetrical ly with respect to the . center li n~ of ~ne tail 
so that the a ver a g e angle of sidswash was 0 0 , as would be 
expected. The hi~h-wing combination with Of = 0 0 or 
600 appears to give a negative value of sidewash in plane 
B (fi g s. 5(b) and 6(b)). This negative value of () 
might have been caused by some asymmetry in the model but, 
in any case, the value iS , only about 1/40 , which is within 
the experimental accuracy of the measure~ents. 

For an angle of yaw · o.f 50, .the hi gh -wing combination 
with Of = 0° or 60 0 ' (ii gs~ 9 and ' lO) sho wed () to be 
about 0° at the tail surface. If the entire region of 
the tail is considered, ho~ever, it appears that positive 
sidewash angles predominated. It may be reasonably stated, 
then, that the hi gh-w ing combination with the flap either 
neutral or deflected ro e v ra e sidewash angres 
positive in direction but small in rna nitude - roba y 
no more than 1 4. There appears to be very little dif
ference in the sidewash on the tail center line between 
Of = 0° and Of = 60 0 for the hi gh~win g combination. 
The maximum value of () on the t a il center line was about 
1 0 in each case. 

With the low-wing , combination yawed 5° and with flaps 
neutral, a considerable amount of ne ga tive sidewash was 
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produced (fi g. 11). The maximum value of ~ on the tail 
center line was about -7 1 / z 0 and the average value , of ~ 
weighted according to local tail chord for this condition 
was about -3.2 0 • When the flaps wer e deflected ( fig. 12), 
the maximum value of ~ on the tail center line became 
as great as -10 0 while the weighted average value of ,~ 

was about -4.3 0 • 

If the difference in sign of the sidewash angles in
duced by the high-wing and the low-wing combinations is 
con sidered , it would appear probable that the vertical 
tail wi ll tend to stall sooner on a low-wing combination 
that on a high-wing combination because, at a given angle 
of yaw , the tail on the low-wing combination will be at a 

' higher angle of attack than the tail on the high-wing com
bination. 

It is of intere st to note the concent~ation of large 
negative sidewash angles close to the top of the fuselage 
for th e lo w-wing combination. Presumably, there is a 
simil a r concentration on the bottom of the fuselage for 
the high-wing condition. The : indications are that, when 
a dorsal fin is used, it should be most effective on the 
top of the fuselage for a low-wing airplane and on the 
bottom of the fuselage for a hi gh-wing airplane. 

Effect of component parts on sidewash a ngles at the 
the tail.- The existence of flow ,&ngularity indicates the 
presence of a lateral flow that must be caused by the vo.r
tex field of the model. Such a field consists, in part, 
of vortices associated with 

(a) Basic span~load distribution on wing 

(b) Unsymmetrical span~load , distribution on wing pro
duced by yawed wing 

(c) Flap deflection 

(d) Development of lateral force on fuselage 

(e) Wing-fuselage interference 

~ualitative discussions of these effects appear in refer
ences 6 and 9, but the data presented in the present report 
may permit a more quantitative evaluation of their relative 
importance in producing sidewash. 

J 
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The sidewash angles produced by the yawed wing alone 
with flap undeflected are not shown bec a use the values 
obtained are negli g ible if the limits of accuracy of the 
measure~ents are considered . This fact would indicate 
that the sidewash c aused . by th e vortic es arising from (a) 
and (b) may be neglecie d . It must be r emembered, however, 
that all the p re s e nt surveys were made at an angle of 
attack of 0 0 and an effective dihedral angle of ab out 2°, 
The lift and th e rol lin g moment for the se angles are very 
small and, conse~uentlYI the strength of vort ices caused 
by (a) and ( b ) is small. The sidewash produced by these 
vortices may be appreciable at high angles of attack. 

The sidewash ang les caused by the win g with the flap 
deflect ed 60 0 are shown in figure 13 for ~I = 0° and in 
figure 14 for ~' = 5°. Bec a use t he sidewash resulting 
from vortic es (a) n. nd (b) was negligible, the sidewash 
shown in t h es e figures was produce d almost entirely by 
flap deflection ( vort ices (c». For t he yawed condition, 
the flaps contributed a sma ll amount of neg a tive s i dewash, 
probably about -0. 20 . Th is value is about the same whether 
the win g i s considered as a high-wing or a low-wing mono
plane. The p resence of the fuselage apparently had some 
effect on t h e sidewash pr oduced b y t he f laps because , in 
the case of the high-wing co mbi nati on (fi gs. 9 and 10), 
the flaps gave pr a ctic a lly no sidewash ; whereas, in the 
case of the low-wing co mb ination (fi gs. 11 and 12), the 
flaps g a ve abo ut 1° of ne sa tive sidewash . The sidewash 
produced b y the fl a ps may be expected to i ncrease somewhat 
with the angle of at tack. 

The sidewas h ~roduced by th e fuselage alone 
in figure 15 for ~ I = 0° and in figure 16 for 
The wei ghted a verage sidewash angle produced by 
lage was about -1.80 for an angle 6f yaw o f 50. 

is shown 
~ I = 50. 

the fuse-

The difference between t he · sum of the sidewash angles 
c aused by the win g alone -and the fuselage alone and that 
of the wing-fuselage co mbin a tion might have been caused 
by the vortices a r is ing from inter fere nce betwee n the wing 
and the fuselage. In the c a s e of the low- wing combination 
this differen ce is -1.4° for Of = 0° and -2.3° for Of = 
60°. In the case of the hi gh-win g combina tion the values 
of t h is diffe renc e a re 2.0° for . of = 00 and 2.2° for 
Of = 60°. Theo retical com putat ions of the sidewash ·angle, 
in conjuncti on with pres·sure-di s tribution tests, are 
planned. 

The forego in g analysis indicates that most of the 
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sidewash i s p r obably c a used by the vortices ass ociated 
wi th later a l force on the fu s e l age and by the vortice s 
or ig i n a t i ng from t he wing-fusel age interferen ce . 

;?lJ:t~L-2f "l in g position on vertic cd - t a il effectiveness 
at hi fJL_.§cg!::!:J~of Y..§c~ .- The effect of the wing po s ition 
on the stabi lity of the model at hi gh angles of yaw is 
in d ic a.ted in fi gures , 17 t o 2 0 , 'fhich g i ve the yawin g mo 
ment and the l a t e r a l - for ce coefficient s of the low- wing 
and t he hi gh - wi n g co mb i nations with 6 f = 0 0 and 60 0 
for an an g l e - of-yaw r ang e fr om - 10 0 to ' 50 0 . 

Th e yaw in g -mo men t an d the l a teral - forc e curv es for 
the 1 0 ".r - wi n g co m b i 'n a t ion wit h f 1 ap e i t h e r n e u t r a lor d e -
flect ed (fi g~ . 17 an d 18) become flat a nd falloff at 
high angles of y aw , an i ndic a tion that t he vertic a l t ai l 
had probably s t ~ l led . The curve s for the high-w i ng com 
bi nati on w. ith flap either neutral or deflected (fi g s . 19 
and 20) show n o ma rked tendency toward fa l ling off . It 
is believed that t h es e curves just ify the o bs ervat ion made 
previou s ly that the vertic a l t a il on the lo w- win g combina
tion woul d tend to sta l l at a l owe r an g le of yaw than the 
t a il on the hi gh - win g combina tio n . 

The r eas on for the incre a se with an g le of attack in 
the slopes of t he yawing- moment curves for the h i gh - win g 
combination ( figs,. 19 and 2 0 ) i s not at present clear . 
Apparently , it was not c a u sed by ch anges in sidewash or 
velocit y a t t he tail with ang le of attack because such 
changes wo ul d h a v e been re f lecte d in incre ased s lope s of 
the l a t e r a l-force curve s . The slopes of t he curves of 
later a l force , however , d o not increas e . It may be noted 
that, i f the center o f p r e s sure moves back as the angle 
of at t a.ck incre ases , t h e slopes o f the yawing-moment c u rves 
will inc~e as e without a corresponding incre as e i n the 
slope s o f t he l a teral-force curves. 

In the case ~f t he 10 w-'JJin g combinatio'n ( fi gs . 17 a nd 
IS) I t he slope s of the lateral-force c ur ves decrease wi th 
angl e of atta c k but t h e s l opes of the y aw in g -mo ment curves 
show no correspon d in g variation . Such ,results would b e 
obt a ined if the sidewash decreased with angle of attack 
wh ile th e center of pressure moved re a r war d . 

J ith the flap un de flected, the lo w- win g co mb in a tion 
(fi g . 17) shows breaks in the yawin g - mom e nt an d the lateral
forc e curve s at ~ ' = 25 0 for angles of a tt a ck of 0° and 
50 . The curves for the hi gh-wing co mbination (fig. 19) 
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show no definite breaks in the yaw range investigated. 
With 60 0 fla.p deflection the yawing-moment cu.rves for the 
low-~ing combination at a ~ -50 and 0 0 shows a definite 
chan g e in slope at \jJ I ~ 15 0 (fig. 18). The high-wing 
combination with this flap deflection (fig. 20) shows no 
definite breaks in the curves. These breaks in the curves 
are probably caused by change in sidewash angle with 
change in angle of yaw. 

The effect of yaw on the sid~wash angles produced by 
the low-wing combination at a ~ 0 0 on a line through the 
assumed rudder hinge 2.26 inches above the fuselage center 
line is shown in figure 21. With the flap undeflected, 
the sidewash angle at the intersection of the survey plane 
with the tail center line increases with yaw up to an 
angle of yaw of 200. With further increase in yaw, the 
sidewash angle at this point decreases. Under such con
ditions, the actual angle of attack of the tail at W 1 ~ 
300 may be less than at ~' ~ 250 and a break in the 
yawing moment and lateral-force curves such as is shown 
in figure 17 for a ~ 0° and W' = 30 0 should occur. 
With the flap deflected to 600, the sidewash angle at the 
intersection of the survey plane and the tail center line 
increases with yaw up to an angle of ta~ of 15°, beyond 
which point it remains constant. Thus the angle of at
tack of the tail rises rapidly with yaw to \jJ1 = 15°; 
furt h er increase in yaw increases the angle of the tail 
more slowly because the sidewash angle remains constant. 
The indications are that a change in the slope of the 
yawin g moment and the " later~l~force curve should occur 
at an angle of yaw of about 15°. Such a change in slope 
of the curves for this model condition at a = 0 0 is 
s h 0 "Tn on f i gu r e 18. 

The data presented in figure 21 suggest a further 
explanation for the increase in effectiveness of a single 
vertical tail over that of a twin tail of the same area 
and aspect ratio on a low-wing monoplane if they are 
otherwise aerodynamically equivalent. It may be seen that 
large angles of negative sidewash are concentrated near 
the fuselage in the region which would be occu Oed by : 

e Slng e n the region which would be occupied 
oy the twin the sidewash is small or positive. Thus, 
at a given ansle of yaw the single tail would be at a 
higher an g le of attack than the twin tail and therefore 
would be more effective. 
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CO NCLUDI NG REMARKS 

Th e presen t report furnishee experi mental data on 
si d ewash angles at the. tail. The change in t a il effective
ness with wing position wa s caused largely by the chan ge 
in the a ngle of attack of the tail resultin g from a side
wash pro duced by the wing-fuselage combination. This 
sidewash was strongly negative for . the low-\" ing combina
tion an d weakly positive for the h i gh-win g combination . 
The win g alone at small an g les of attac k , with fl aps either 
deflected or undeflected, produced only a small amount of 
side vlash. The deflection of the flaps caused slightly 
negative sidewash, whether the wing was in t h e h i gh or the 
low position , and therefore impro ved t h e tail ef fe ctive
ness . The fuselage itself also produced ne gative side
wash and should therefore have a beneficial effect on t h e 
stability contributed by the vertic a l tail. Much of the 
sidewash was produced by the i nter fer en ce betwee n the 
win g and the fuselage. ' This interfere n ce may be caused 
by t he c hange in the wing lift d istribution resulting 
fro~ . t~e d iffer en ce . in p~essure between t he sides of the 
yawed fuselage. Bebause of the difference in sidewash, 
it is probable that the tail , on .a low-win g model will 
stall at a smaller angle of yaw than the tail on a high
win g model . 

L~ngley Me morial Aeronautical La boratory , 
f ational Adv isory Committee for Aeronautics, 

Lan gley Field, Va., January 30 , 1941. 
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1'ABL.u I 

STABILITY Gil RA CTER IS TI CS OF MODE L AND COMPONENT PARTS 

[Circul a r f u s ela g e a nd tapered win g wit h s trai g h t trail
i ng e dg e ; a = 0 0 ; d ata fro m referenc es 3 and 6J 

Mo d el arr a ng e me n t 
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TABLE II 

STABILITY CHARACTERIS TICS OF THE VERTICAL TAIL 

I N THE PRESENCE OF VARIOUS MODE L AR RANGEMENTS 

[ Computed from data of table I; a = OOJ 

Model a.rrangemen t of C I Cy I 
n 

( de g ) \j!t \1f t 

Fuse l ag e --- - - 0.00152 0.0046 
. 

::i i gh - \dng combination {. 0 -.0009 8 .0027 
60 -.0012 3 .0 03 1 t. 

Lovv - win g 
I 0 -.00206 .0055 combination ~ 60 -.00237 .0066 
\ 





TABLE III 

COMPARI SON OF MEASURED 1k~D COMPUTED SIDEWASH ANGLES AT THE TAIL 

tr 

Model a rrangement Of C 1 Measur ed Computed Compu ted 
(deg) YY t (deg) At =- 2.2 At=2.25 

St= 53 .7 sq in. St=45sqin. 
( deg) (deg) 

Fuselage ---- 0 .0046 -1. 8 -1.0 -2.1 

{6g 
.00~7 

, 
.~ l 1.3 . 6 

High- wing comDinat i on .0031 .G 1 .1 . 4 

{6g 
. 0055 , -3.2 -2.2 - 3 . 5 

Low-wing comoination .0066 - 4 .3 -2.7 -4 .1 
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with t ail. 6f = 0° , 
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Figure 18.- Yawing-moment and lateral-force 
coefficients for low-wing combination 

with tail. of = 60°. 
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Figure 19.- Yawing-moment and lateral-force 
coefficients for high-wing combinat~on 

with tail. of = 0° . 
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Figure 20.- Yawing-moment and lateral-force 
coefficients for high-wing 

combination. 6f = 60°. 

Figure 21.- Sidewash angles at high angles of yaw 
on line through rudder hinge, 2.26 

inches above fuselage center line. d = 0°; low wing. 
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