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SUHlvIARY 

Low-speed wind-tunnel tests a:' a liS-scale model of the 
Republic XP-91 airplane ~rere made to determine its low-speed 
cha r acteristics and the relative merits of a vee and a 
conventiona l tail on the model. 

The results of the tests sho ted that for the same amount 
of longi tudinal and directi c~al stability the conventiona l 
tail gave less roll due to sideslip t han Cl id th C' vee tail . 
The directional stability of the model was considered inade
quate for both the vee and conventional tails; however , 
increasing the area and a spect ratio of the conventional 
vertical tail provided adequate directional st ability. It 
was p ossible with nega tive wing dihedral and open main landing
gear doors to reduc e t h e excessive roll due to sideslip for 
the l anding configuration (flaps and gear dOT,'n) to a more 
rea sonable va lue commensurate ~rith the aileron power . The 
use of vari able wi ng incidence to adjust the longitudinal 
balance 't-ras sufficiently effective to reduce the predictea. up
elevator r equired for landing by approximately 5° . 

INTRODUCTION 

Preliminary t e sts of a liS- scale model of the Republic 
XP-91 airplane "rere made in the 7t- O-foot Wright Brothers 
wind tunnel at the Massachusetts te of Technology. 
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Th ese tests indicated that the airplane vITi th the origi nal vee 
tail would have insuffi cient directional stability and exces
sive roll due to s i deslip . Consequently , a new t a i l with 
conven tional horizontal and vertical surface s was des i gned and 
built by t h e Republic Aviation Corporation for the l/g- scale 
model . At the request of the Air Materiel Command, U. S. Army 
A"Jr Forces , the tests reported herein j.;Jere made "Ti th the model 
i n the Ame s 7- by 10- fo ot "V-Tind tunnel to compare the rela ti ve 
merits of the vee and the conventional tails . Modifications 
of t he conventional t a il were made and tested to improve the 
di r ectiona l char a cteristics of the model . Means were also 
investigated for reducing t h e excessive roll due to sideslip 
t hat existed for both the vee and conventional tails . The 
tests were made during the period from Augus t 12 to September 
2, 1947 . During the testing , the Republic Aviation Corporation 
vTaS r epre!=:ent ed by Mr . Phillip L. Hichel . 

DESCRIPTION OF THE AIRPLANE AND THE MODEL 

The Republic XP-91 airplane is a single-place int erceptor 
having a s"1:·rept- back Hing 1,.ri th an inverse taper ratio and s"tNept
back t a il surfaces . The "ring incidence ca n be varied in flight 
to ad just the longitudinal ba lance and to r educ e the fuselage 
angle of attack in approaches and landings . 

The power pl a nt of t he airplane comprises three units : 

1 . A J-47 (TG-190) turbo-jet engine supplied with air 
from an intake in th e fus el age nos e and exhausting from the 
rear of t he fuselage . 

2 . Four 1000- pound-thrust rocke ts also exha-,i3 ting from 
the rear of the fuselage and su?pli ed with fu el from ext ernal 
droppable tanks slung unde r the wings . 

3. TrfTO 600-pound-thrus t rocke ts . 

The gross ~'Tcight of the a irpl ane varies from approximately 
15 , 000 pounds emp ty to 29 ,000 pounds full y loade d . 

The genp.r a l arrangement of t he airpla ne v.ri th the vee and 
the conventional t a ils is sh ov.rn in figure 1, and t he major 
a irpl a ne dif!1ensions are giv en in t able I . The t"tvO t a il ty-p e s, 
includin~ the thr ee siz es of vertical surf ace s for the conven
tional t~il , a r e sho~rrn in fi gur e 2. 

----------~~---" -~ 
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The model tested (fig. 3) represented the airplane to 
one-eighth scale with the follo~ing exceptions: 

1 . The air inlet in the fuselage nose was faired over, 
adding 1.67 feet (full scale) to the fuselage length. 

2 . The external Fing tanks 'l1<Tere omi tted. 

3. Only the vee tail and the right ¥ing panel were 
constructed "ri th movable control surfaces . HO'l1<TeVer, the 
control surfaces vere see _ed and were not deflected during 
the tests. 

The model vas mounted in the wind tunnel on a single 
strut (fig. 4) . Rolling and pitching moments Fere measured 
by resl Rtance-tY')e electrical strain gages vi thin the model. 
All other forces and moments Fere measured by the "-'ind
tunnel balance system. 

SYiBOLS AND COEFFICIENTS 

3 

All data are presented as standard NACA coefficients 
corrected for SUD)Ort tare s , tunnel-1-ra ll interference J and 
stream inclination. Corrections for tunnel-~all interference 
and stream inclination are given in the app endix. All force 
coefficients are referred to the Nind axes . Ya'l1<Ting- and 
pitching-moment coefficients are given about the stabilitl 
axes and rolling-moment coefficients about the body axes. 
These sy~terns ofaxe s 2 are each com?osed of three mutually 
- - -.. - - ---- - --- ---------- __ - _ _ - _ 0 ______ --------_._--_ .. -_ .. 

lIf rolling moments are tran sferred to the stability axes, 
they are reduced by a,~roximately 2 percent at an angle 
of attack of 12° and 0 percent at an angle of attack of 00

• 

2The longitudinal axis for th~ ~ind-axes system remains 
parallel to the relative wind; for the stability-axes 
s:vptem the longi t Ud inal axis Y5-'o,s "'i th the model, remain
ing at an a ngle of attRc k of 0 as t he model is pitched; 
f or the body axes syst em , the long i t '...,dinal axi s YEtio'S and 
pitches wi th the model, remaining pa rallel to the body 
axis of the model. The directional aYis remains .:in the 
plane of symmetry for all the systems of axes. 

--- - __ ___ 0 _ _ ____ --------------
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perpendicular ayes pith their origins at a center of gravity 
of the aiI'1~18.ne located on t he fuselage reference line and H~ 
percent of the II . A. C. aft of the leading edge of the H.A. C. 

The angle of a t tack is referred to the wing reference 
plane yh ich contains the fu pelage reference line 1~Then the wing 
incide~ce is 00 • The angle of yaw is referred +'0 t he plane of 
symme try . 

Coefficients and symbols used throughout the report are 
defined in the appendix. 

RESULTS AND DISCUSSION 

The tes t s to determine the lateral characteristic s ~Tere 
run a t a Reynolds number of 1,600 , 000, while those to determine 
the longitudinal characteristic s ,..rere run at a Reynolds number 
of 1 , 100,000. In order to ascert ain the effects of Reynolds 
number, tests ~ere made with a net installed in the wind 
tunnel ahead of the model for the purpose of increas i ng the 
stream turbulence and, thereby , the effective Reynold s number . 
With tbe net, a maximum effective Reynolds number of 3, 500,000 
"ras obtained (full-scale Reynold s number at 120 mph is 
12 , 000 , 000) . Within this test range (1 . 1 to 3. 5 x 10 6 ) the 
effect of Reynolds number on the aerodynamic charac t eristics 
of the mod e1 ~TaS negligible . 

Comparative Effectiveness of Vee 

and Conventional Tails 

Lateral charact e ristic 8 ~- A comryarison of the lateral 
charac't 81~l 's-ifc -s ' of"'fhe moci'e'i -",r2 th vee tai ] and the three conven-
tional tails is shot-rn in fi g'ures 5 and 6 f or the mod e1 vri th the 
fl aps and gear retra cted and extended., res::;:Jective ly . The 
lateral charact eristics of the model with t~e tail removed are 
sho,.rn in figure 7 . Data are presented for several angles of 
attack . These da ta vere obtained Tith a dihedral and wing 
inci ~ ence of 00 , with the exception of the data for the medium 
vertical tail. The data for this vertical tail "Tere obtained 
,/Ti th a ,.,ring dihedral of -5 . 50 and a "ring incid ence of 60 ; how
ever , the effect of dihedral and ~ing incidence on Cn~ and 

CONFIDENTIAL 
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Cy\/! 3 1rTas found to be small and 10rill be discussed later. The 
va riations of the stability parameters, Cn~ and Ct~4 
vith lift coefficient have been evaluated from figures 5, 6, 
a nd 7 ana are presented in figure 3. It is noted that the 
o irectional-stabili ty parameter Cn~ 1,ras nearly constant 
with lift coefficient and that both the vee tail and the 
c onventional tail, for the same effective vertical area,s 
gave nearly neutra l directional stability. Increasing the 
area and aspect ratio of the conventional ver tical tail 
incre a sed the directional stability a s sho\orn :. n figure $ . 

Comparison of the lat eral-stability parameters C1w for 
the four tails (fig . S) inoicates that the vee tail gave 
slightly mere roll due to s i deslip than the conventional tail 
for the same effective vertical area . 

Lone:i tudinal characteristics . - A com')arison of the 
l ongi tud ~onaJ.--chl=i~ra6"t-e ristics- of 

0 
Jelle model

o 
yi th the vee and 

c on; enti onal tails (~ith the small v ertical) is presented in 
fi gure 9 along with t ail-off oata. This fi gure shows that 
the static longitudinal stability (as measur ed by dCm/dCL) 
of the model 1,Tas ap?roYimately the s ame for both the vee and 
the conventional tails. 

Figure 9 shol.Ts a large chang e in bal ~nce (.6Cmo = 0 . 04) 
b e tween the vee and conventional tails . Since, from con
side r a tion of their r ela tive geometr i c l oca tions, the two 
t a ils appear to have been operating in simi l ar do"t.lTnlpTash fields, 
a l a r ge part of the chang e in balance a~) o) e ar s to have been due 
to a difference in t ail incidence (intende~ to be zero for 
b oth tails) . A difference in tail incioence of approximately 
2 0 would account for the change in balance . The absolute 

3Th e rolling-moment data for the me dium vertical tail were 
in error and hence are not presented . 

4. Va l ues of Cnw and C"It\): Fere measur e} be tTooreen appr oximately 
±2 ° of yaT,.,r . 

5From refere nc e 1, the effective vertical a rea of an unswept 
v e e tail is equal to cos 2 r ti ill es the a ctual area. 

CONFIDENTIAL 
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magni tuo e of the tai 1 incia ence on the moa el 1,tas not readily 
measurable and. hence no check of the tail incidence "ras made 
during the tests. The test data, however, have been checked 
and no errors in computation have been found. 

The lift characteristics of the model were similar for 
both the vee and conventional tails (fig. 9) . 

Roll ~ue to Sideslip 

Wi th the flaps and gear do't'~n, the data of figure El indica te 
that maximum values of C LW of 0 . 0060 and 0 . 0053 l'Till be 
at t ained at a lift coefficient of 0 . 73 for the airplane 't,ri th 
the vee and small conventional tails , respectively . Reference 
2 indicptes that large increases in Reynolos number may tend 
to increase this value at higher lift coefficients so that for 
the full-Flcale airplane the maximum value of CLW may be even 
higher than that indicated by figure 8. Full-scale tests of 
the ailerons on the XP-9l airDlane shovT that full aileron 
deflection is only sufficlent- to hold the wings level in a 100 

sideslip with a value of CLW of 0 . 003. These data, therefore, 
indicate that means should be provided for reducing the maximum 
rolling moment due to siaeslip . 

Eff.~g.t_.Qf _ n~..g?-.:!;J.Y§ . . QJ,h~Q.:r9:.J.._t - Results of tests Hith the 
vee tail to determine the effect of -5 . 50 of wing dihedra16 on 
the lateral characteristics of the model are shown in figure 
10. The values of CLW obtained from figure 10 are presented 
in figure 11 and compared. Fi th those for a '·-ing dihedral angle 
of 00 • TheRe oata sho~ that -5 . 50 of wing dihe dral contributed 
a C LW of approYimately -0 . 001 , '··hich com~)ares favorably '-i th 
that predicted using references 3, 4, and 5 . 

E~"f_e.9~_ 9f.. _ lal}.Sl~ng-g~ar:' __ d.'?_o!,s . - The main le.nd ing gear on 
the XP-91 airplane retracts outboard into the ving tips be
cause of the greater depth available at the tips as a result 
of the inver~e taryer, vThen the Theels are 1 O1,Te red. , large doors, 
"rhi ch normally cover the ,.rheel "rells, are opened (fig. 12) . 
________ , ________ • • 4 _ ___ _ _ _ _ .. __ _ ___________ • _ . - __ • - _ _ , •• • ____ _ __ _ 

6The model waR tested with -5 . 50 of wing dihedral; however, -50 
dihedral is the maximum that can be built into the airplane 
and still maintain ground clearance • 

. _-----------------

CONFIDENTIAL 
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The doo~s have a t otal area of 24. 5 square feet (full scale) 
or 7 . 7 percent of the wing area. The lateral characteristics 
of the moo el i·ri th these doors open are sho'·rn in figure 13 for 
tHO angles of door opening . The ability of the doors to 
reduce C~\jJ is shol,rn in figure 11 i·.There it may be seen that 
the doors red.uced the maximum value of C7,\jJ by as much as 
0 . 002 for the 1200 opening . 

Thus, at the Reynolds number of these tests, the maximum 
value of C7,~ for the landing configuration was reduced 
nearl y to the allO'tlrable 0 . 003 lITi th -5° dihedral and the open 
landing-gear ooor8~ At full-scale Reynol d s numbers, however , 
t ~l. is peak value may be 8~'mei\!hat higher . 

Eff ect of Wing Incldence 

The l,Ti ng on the XP-91 airplane is equipped '{r,ri th a 
mecha nism for adjustimr the incidence in flight from 0 0 (high
speeo level fli ght) to-6 ° (landing ) for the purpose of 
adj~sting the l ongitudinal balance and of reducing the fuse
l age angle of attack in a)proaches and landings . Changing 
t he r.ring inci dence '1"1 th res)ect to t he fuselage effects a 
change in the tail angle of attack ana, consequently , in the 
balanCing lift c oe ffic ient . Th is chRn~e in longitudinal 
bala nce for the lanoing confi gur a ti on ,flap s and gear dO't,rn) 
can be seen by comparison of fi gure 14 id th figure 9. 
Increasing the wing incioence 6° resultea in an increase of 
O.Ok in the pitching-moment coefficient corresponding to a 
given lift coeffiCient, vith approximately no change in 
stR.bi li ty . This change in ba lance l'oulc1 reduce the up 
elevator req uired f or lanoing by apprcximately 5°. A reduc
ti on of 0 . 1 in the lift coefficient f or a constant wing angle 
of a ttack resulted from rotating the fuselage relative to the 
"ring . 

The static latera.l characteristics for the landing 
c onfiguration with 6 0 wing incidence are shown in figure 15 7 , 

Comnarison of fi gure 15 with the data presented in figures 
6 and 10 show s t hat the lateral characteristics of the model 
were relatively unaffect ed by the incr~ase in wing incidence . 
- _ . -- -- ---- -
7The rolling-moment data obtained for this c Jnfiguration were 

in error a nd hence are not presented . 
-------.. -- - - _ .. _ - ---------
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Th 'J dEt t :::t for the conventional tail (fig. 15( b)) '"!ere obtained 
with - 5 . 5 0 wing dihedral . This differe nce in dihedral (figs . 
l5(b) a nd 6) h a d a negligible effect on Cn" " as may be seen 
by compa ring figure 10 \\li th figure 6. 'I' 

Effect of Flap Type 

The liS-scale model of the XP-91 airplane was originally 
equipp ed 1,ri th 55-p ercent-span, 30-percent-chord spli t flaps 
'\"ri th a ma:ximum deflection of 60 0 • Hovrever, the flap design on 
the a irp l a ne ~.Tas chang ed to 25-percent-chord plain flaps having 
a ma:ximum deflection of 400 • To determine the effect of this 
chang e, the flaps on the model 1~Tere revised to correspond to 
those on the airplane. A comparison of the geome try of the two 
fl ap tyl)e S on t he mooel can be seen from figures 16 and 3. The 
effect of the chang e in fl ap design on the long itudinal charac 
teristics is shol.Tn in fi gure 17. The drag of the plain fl ap s 
"ras a~) ;)ro :ximately 40 perc ent less and the lift i ncrement 
slightly great e r at lOT.' angles of attack (6CL = 0.07 at a. = 0 0

) 

than those of the split flaps , The maximum lift (CLmax = 1.OS) 
of the mooel ,,-ra s ap ')roximat ely the same for both flaps. The 
plain fl ap s caused a slightly sma ll er change in bala nce ~Ji th 
approYimat p. ly the same static ~ ngitudinal sta bili ty (dcm/ 1 CL) 
as tha t obta ined 1~ri th the spli t flaps. 

The l a t e r a l chara ct eristics lrri th the plain flaps are pre
s ent eo. in fi gure IS. Compari son of t h is figure ri th fi gure 
10( b) for t he s p lit fl aps ShOl'!S tha t C L\j! l-vas unaffected by 

fl ap type but Cn\j! "!tra s more n ega ti ve 't,ri th plain flaps 

(6 Cn \j! = - 0 . 001 J • 

CONCLUSIONS 

From the fore going discussion of the results of tests of 
a liS-sca le model of the Republic XP- 91 a irp l a ne , the following 
may be s a i d in conclusion: 

1. For the s ame directional stability, the conventional 
tail gave less roll due to sideslip . Th is is of particular 
import a nce for sNept-"Jing designs, since they deve lop high roll 
due to sideslip a t high lift "There aileron control becomes 
cri tic a l. 

CONF IDE '-JTIAL 
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2. By increasing the area and aspect ratio of the 
vertical surfpce adequate directional stability was obtained 
~0th the conventional tail . 

~. The static longitudinal stability of the model was 
the BRme with both the vee and the conventional tail. 

9 

~ . It WaR possible ¥ith negative ving dihedral and open 
main landing-gear doors to reduce the excessive roll due to 
sicleslip for the landing configurp,tion (flai)S and gear do'"'n) 
to a mere reasonable velue commensurate vlth the aileron 
pOl,fer . 

5. The variable Ming incid.ence gave sufficient balance 
ehanQ'c to reduce the urec1icted up-elevator required for 
landing by apl:>roximat 'ely 5°. 

Ames Aeronautical Labcrptory, 
National Advisory Committee for Aeronautics, 

Moffett Field , Calif . 

APPENDIX 

Symbols and Coefficients 

Symbols and coefficients used throughout the report are 
defined belo1"r: 

lift coefficient (li!~. ') 
qS"T J 

c1rag coefficient (~£.~.~) 
qSw 

81C~e-force coefficient (§id~L.f.9.rce) 
qSw . 

rolling-moment coeffi'Jient (rOlli~~w~m~0.!) 

pi tching-moment coefficient (21 t~Q.~J!l~_m~!lt) 
qS,,·cw 

yal"ing- moment coefficient (Y~~1g~tl!!.~n.!) 

rate of change of yal' ing moment 't-r1 th angle of ym-.T 

( den) 
d~- , degrees 

CONFIDENTIAL 
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rate of change of rolling moment with angle of yaw 

(~.~ t) ! degrees 

Cmo Cm at CL = 0 

A aSDect ratio 

b span, feet 

c chord, feet 

c mean aerodynamic chord , feet 

i inCidence , degrees 

q 

S 

v 

a 

r 

p 

dynamic pressure pounds pe r square foot 

area , square feet 

velocity, feet per second 

geometric angle ~f attack of ving reference ulane 
(uncorrected), degrees 

angle of attack of wing reference p lane c orrected for 
tunnel-1<Tall interference and stream inclination , degrees 

dihedral, degrees 

maSR density of air, slugs per cubic foot 

an~le of yaw of fuselage plane of symme try, degrees 

Subscript 

w "'ing 

Corrections 

Wind-tunnel-Nall corrections l,re re ap)lied to the drag , 
pitching moment , and angle of attack. The corrections were 
those for unswept wings obtained from reference 6. Because ot 
the small size of the model relative to the wind tunnel, the 
corrections were small and hence are consi dered sufficiently 

CONFIDENTIAL 
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accur a t e to apply to the sNept l,ring of this model. The 
corrections ".re re adCl i ti ve ana "Tere computed as follm'!s: 

0.0079 CL 2 

6CmT = 0 

Ow = 0 . 113 

S = wing area, 5. 0 square fe e t 

C = cross-sectional area of test section, 
70 square feet 

The dr a g and angle of attack were also corrected for 
stream inclina tion . The corrections vTcre a dc itive and were 
cornDuted as f llops: 

ffia = O. 32 

LCD = ~ Z;2 CL = 0.0056 CL 
a 57 . 3 

CONFIDENTIAL 
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Section 
, 
i Republic I Republic 
jR-4,45-1510-.9 R4,40-.01 J 
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, ft 

LTa_il volume, ft 3 
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FIGURE LEGENDS 

Figure 1.- General arrangement of the Republic XP- 31 
airlJlane . 

Figure 2 . - Tails te8ted on the l/~-scale moae1 of the 
Republic XP-91 a.irpla ne. 

FiP.'ure ?_- The l/g-Rcale model of the Re~)ublic XP-9l 
~air')18ne . (a) Complete model "'ith vee tall, flaps up . 

Figure 3.- Continued . (b) Com;)lete mooel v,'ith vee tail, 
flaps 8.nd gear dOT.rn . 

Figure ::'. - Can tinueo. . (c) Detail of 0 onven ti anal tail. 

Figure ~ . - Concluc3ed . (a) Complete model 1,r1 th tail off, 
flaps and gear dOTr'n . 

Figure ~.- Detail of model support . 
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Figure 6.- Continued . (b) au = 40
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Figure 6. - Continued . ( c) au = Sa . 
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Figure 9. - Comparison of l ongitudinal characteristics of 
t he model ~ith the vee and conventional tails . 

o Figure 10.- Lateral characteristics vith -5 . 5 of .dihedral, 
vee tail. (a) Flaps up . 

Figure 10. - Concluded . (b) Flap s and gear d ol·'n . 

Figure 11.- Effect of -5.50 dihedral and landing- gear doors 
on the varia ti on of the parameter C L\II lAri th lift coef
ficient, vee tail. 

Figure 12 . - Detail of landing-gear door . 
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Figure 13. - Concluded . (b) Landing-gear doors open 1200 • 

Figure 111.- Longi tudinal c~aracteristics vi th 60 vTi ng 
incidence, flaps And gear oOl·'n . 

Figure 15.- Lateral chpracteristics ~ith 6° ~ing incidence, 
flaps and gear dOl,rn. 

Figure 16.- De t ail of ;)lain flap. 

Figure 17.- Effect of flap type on l ongitudinal character
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