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SUPWRY 

Additj onal wind--tunnel t e s t s  were mede of 3 118-scale node1 
of the Republic W-91 cirplane t o  dc-termine i t s  chcractcr is t ica  with 
~ a r i  ous modif icntiono . The m ~ d i f  icntions included G revised conven- 
t,i,onc 1 t a i l ,  revised rocket nrrangement, drooped wing t i p s ,  and 
revi sod lcnding gear and doors. T ~ s t s  wcre a l so  mde  t o  determine 
the effectiveness of the cont rs l  surfzces of the model with the 
conventional tei l  and the e f f ec t  of changing wing incidence and t a i l  
length. 

The revised rocket ~rrangement provided a considerable increase 
in  the  s t z t i c  direct ional  s t c b i l i t y  contributed by the vee t a i l  a t  
smell angles of 3-zw. The conventional t a i l  provided e greater  s t a t i c  
direc  ti onal s t a b i l i t y  than the vee t e i l  without increasing the r o l l i n g  
aoment due t o  s ides l ip .  

The r o l l i n g  moment due tc ,  oidcslip ms considerably reduced bg 
s i t h e r  drooped wing t i p s  or  open main landing-gear doors. The reduc- 
t ion  in  r o l l i n g  moment dcc t o  s ides l ip  resu i t ing  from the drooped t i p s  
vzs  l e s s  with the lnndins-gear doors open t l im with the doors closed. 

A chcnge i n  wing inc:dcnce from 0' t o  60 reduced the elevator 
0 

angle required f o r  bzlanco by opproxinately 6 . 
INTRODUCTION 

Prel3ninzrjr t e s t s  of 3 118-scale model of the Republic XP-91 
cirplane were reported i n  refcrence 1. A s  ;7 r e s u l t  of those t e s t s ,  
the model w9.s modified ona.1 tests '  were mr=.de , The 
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modificat ions included a new conventional t a . i l  revised rocket  
a ~ ~ a n g e n e a t ,  revised landing gear and doors, and drooped wing t i p s .  
Tests  were a l s o  made t o  recheck the effect iveness  of the  vee t a i l  
and t o  deterxine the control -su~face  charac te r i s t i c s .  

The t e s t s  were made i n  one of the  b e s  7- by 10--f o ~ t  wind tunnels 
d w i n g  the period from October 2 - 16, 1947. During the  test!.ng the 
Republic Avlatioa Corporation was r e p ~ e s e n t e d  by W .  Robert B. Liddell .  

DESCRIPTION OF TBE MODEL AND TKE AIRPLANE 

The Republlc XP-91 a i rplane is a single--place in te rcep tor  
having; a swept-back wing with inverse t aper  and swept-back t a i l  
surfaces.  Further descript5on of the a i ~ l a n e  is  given i n  reference 1. 

Thc general  ar2-angement of the a i rplane with the vee ar,d the  
conventional tal ls  u t i l i z e d  i n  these t e s t s  is  shown i n  f i gaRe  1, 
and the major air;slane dimens:o~s a r e  givcn i n  t ab le  I. Dimensions 
of the c o n t ~ o l  surfaces a r e  givcn in table  11. I?eflections were 
measurod In planes perpendiculal- t o  the con t ro l  hinge? llrlles. The 
two tai ls  t e s t e d  or? thc model shown i n  f i,we 2. 

Subsequent t o  the t e s t s  of reference 1, the conventional t a i l  
w a s  redesigned by Yne R ~ p u b l i c  AviatLon Corporation and the f o u r  
rockets a t  the r e a r  of the f u s e h e  weze rearranged. The r e l a t i v e  
s t z e s  of the  rocket  f a i r i n g s  f o r  these t e s t s  and those of reference 1 
a.rz shown i n  f igure  3. For the  t e s t s  with the vee t a i l ,  the upper 
rocke t fa! r i n g  ~ a . s  removed. The siclo a r ea  02 the  revised lower 
rocket  f a i r i n g  i s  a.pproxlmstely 15.5 percent  of the v e r t i c a l  
projected area. of the  vee t a i l .  

The vce t a i l  xsed i n  the t e s t s  reported herein had a s l i g h t l y  
l a r g e r  span than the veo t a l l  of reference 1, re su l t i ng  i n  &percent 
g rea te r  area .  Except f o r  t h i s  difference i n  span, the geometry of 
the  two vce t a i l s  w a s  the same. 

To reduce the  r o l l  due t o  s i de s l i p  with f l a p s  and gear down, 
the  main landing-gear doors were l e f t  open when the gear was lowered. 
The doors ( f i g s .  4 and 5 )  wcre opened 125O and had a t o t a l  area  of 
29 squzre f e e t  ( f u l l  s ca l e )  o r  8.7 percent  of the wing a rea .  Their 
hingss were (11 percent  of the semispan from the center  cf the wing 
w i t h  the p l a ln  t i p s .  These doors d i f fe red  from thosc af reference 1 
i n  shape, s i ze ,  and angle of opening. A compar is~n of the  doors may 
be cibtained from f iguro 4 of thi-s repor t  and f igure  12 of reference 1. 
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Regati~re dLhe@al was incorporated ii, tne wing t i p s  of the 
model by increasing the span 9 percent and drooping the outer 14  
percent of t h l s  span a s  shown i n  figures 1 and 4. The wing area 
was thus increased 8 percent. 

Die model tes ted  ( f i g s .  6 t o  10) represented the airplane t o  
onu c i ~ l i t h  cc:l: w th  thc  f s l l 3 x i n i  cxo~p t i3ns :  

1. The a i r  i n l e t  i n  the fuselage nose wa.s f a i r ed  over, adding 
1.57 f e e t  ( f u l l  scale)  t o  the fuselage length. 

2 .  The external  wing tanks and nose-wlieal doors were omitted. 

3. The wing dihedral OD the modzl was -5.5' instead of  -5.0'. 

4. Only the ri@t wing panel i nc~rporc t ed  an ai leron.  

5 The control-sur2ace balances wFre not simulated. but the 
control-surf acc leading-edge gaps were sealed dur?ng the t e s t s .  

The model TJCS mounted i n  the tunnel on a single s t r u t  ( f i g ,  11) .  
Rolling a.nd pitching moments wcre measurod by resistance-type elsc- 
t r i c a l  stra:j..n gages within the model. A l l  other forces  a.nd moments 
were measurcd by the wind-tunnel balance system. 

SYMBOLS AND COEFFIC IEXTS 

A 1 1  data a re  presented a s  s t a n h r d  iWCA coef f ic i sn ts  corrected 
f o r  support t a res ,  tiinel-wzll interforonce, and stream incl inat ion.  
Corrcc tLons f o r  tunnel-wall Intcrferonce znd stream inc l ina t i  on a re  
given i n  the ctypcndix of rcfc~*cnce 1. 411 force coeff ic ients  a re  
1-cfcrrad t o  the wind axes. Y~wing- and p i  tchlng-aoment coeff ic ients  
a rc  given about the s t a b i l i t y  axes and rolling-moment c o ~ f f i c i e n t s  
zbcut the body axcs. l These systems of axes2 a re  each composed of three 
mutually per-endicular axes wcth the f r  x i g i n s  a t  a ccntcr of gravity 
of the a:-rplzne I ~ c a t c d  on the fusclage reference l i ne  and 18 percent 
of the M.A.C. a f t  of the M.A.C. leading edge. 

~ I I '  r o l l i n e  m~mcnts aye trcznsf crred t o  the s t a b i l i t y  axes, they a re  
0 

reduced by epproximately 2 percent zt an angle of a t tack  of 12 
and 0 pcrcent a t  an angle of a t tack  of 0'. 

*These axes are defined i n  reference 1. 



A l l  force and moment coeff ic ients ,  including those f o r  the t e s t s  
wit,h tie rlrooped wing t i p s  (by which the wing area w a s  increased 8 
percent) ,  a r e  based on the d~hensions of the wing with plain  t i p s  
as givcn In  table  I. 

The angle of a t tack  i s  ref orred t o  the wing reference plane, 
wliich conta5.n~ the fuselage reference l i ne  when the wfng incidence 
is  o", The angle of yaw is referred t o  the p l m e  o f .  spmctry. 

Coefficients and symbols used throughout the report  a re  defined 
in the appendix. 

RESULTS AND DISCUSSIOfl 

The t c s t  &,ta f o r  tlie model were obtained a t  the following 
Repolds  numbers: 

1. R = 1,100,000 for the t e s t s  t o  obtain the l a t e r a l  character- 
i s t i c s  with h i& angles of yaw ( f lbO)  and thc longitudinal character- 
i s t i c s .  

2 .  R = 1,600,000 f o r  the t e s t s  t o  obtain the l a t e r a l  character?- 
l s t i c s  within a l imited ya.w range (*Go) . 
The resu.lts of the preliminary t e s t s  of the model reported i n  
reference 1 indicate t h a t  the e f f ec t  of' Reynolds number on the 
aerodynamic characteristics was neglLgible within the l imited range 
of Reynolds numbers avai lable .  The full--scale ReynolOs number 8.t 

120 miles per hour i s  zpgroximatcly 12,000,000. 

Cha.r.a.c t c r i s  ti c s of the Mode 1 w i  t h  the C onvcnt iona 1 Ta il 

The l a t e r a l  charac te r i s t ics  of the model with the con~~en t iona l  
t a i l  and plain  wing t i p s  a r e  presented i n  f igure  12. Test data are  
presented f o r  several  angles of a t tack  and include measurements 
obtained with tho f l a p s  and gear ~ e t r e c t e d  ( f ig .  12(2) ) , and with 
the f l a p s  and geaT extended with the mzin landing-gezr doors open 
f i g .  2 ) . The variations of the s t a b i l i t y  pcrameters 3 

and C7,* with l i f t  coeffi.ciont havc been obtained from f igure  12 
and a re  presented In f le;u::e 13. 

%slues af Cnt and Clg weye measured between approxiin~tely 52" 
. 0fXdW. - ----- -- - 

C ONFIDEnTTIliL 



The d - r ec  tiontzl-stabj-li t j r  parameter C,$, as indicated by 
f igure  13, w a s  zpproximztely 4 .0032 a3d -0,0037 f o r  the model with 
f l a p s  and gear re t rac ted  and extended, respectively, a t  low l i f t  
cocff ic lents ,  and became s l i gh t ly  l e s s  negative a t  t h c  higher l i f t  
c o d f  i c  i en ts  . 

The r o l l k g  moment due t o  sirleslip, as indicated by i n  

f i g w e  13, fncreased with an increase of lift coeff ic ient  and reached 
maxjmum vslucs of 0.0039 a t  a CL of 0.47 f o r  f l aps  and gear re t rac ted  
and 0.0027 a t  a CL of 0.85 f o r  f l a p s  and gear extended. Reference 2 
indicetes t h a t  largc increases of Reynolds number may tend t o  increase 
C Z , ~  a t  h i@ l i f t  cceff-icients so tha t ,  f o r  the full-scale afirplme, 
the maximum valuzs of C l  may be oven higher than those indicated 
by f igure  13. 4f 

Charac-teristics of tho Model with the Vee T a i l  

Since the rearc of t&e fuselage had been changed t o  conform t o  
c revised rocket arrangement ( f i g ,  31, t e s t s  were made to  determine 
whether the effectiveness of the vce tail was a l te red ,  

n ~ c  l a t e r a l  charac te r i s t ics  of the model with the vee t a i l  a re  
shorn i n  flguzzes 1 4  and 15 f o r  the modal with the f l a p s  and gear 
re t rac ted  znd extended, respectively . Similar data f o r  the model 
with the t a i l  removcd nnd the f l a p s  an4 gear extended are presented 
'in f igure  16. Data a re  presented f o r  several  angles of a t tack.  F'rm 
f igures  14, 15, and 16, the var ia t ions  of the direct lonal-s tabi l i ty  
parameter4 Cn* with l i f t  coeff ic ient  hatre been obtsined and are  

presented i n  f igure 17. Also included a re  data f o r  the vee t a i l  of 
reference 1. This Eigurc shows t h e t  C was considerably affected 

n4f by thc shape of the rear  of the fuselage. The addit ion of the lower 
rocket f a i r i n g  resul tcd i n  a change i n  

Cnq of -0.0011, which was 
nearly constrznt with lift coeff jc ient  and unaffected by f l a p  deflec- 
t ion.  With the rockets removed there was a difference i n  Cn$ f o r  
the model with the vec t a i l  of the present t e s t s  and the vee t a i l  of 
reference 1. '.%is difference In C can be a t t r i bu t ed  to  the 
dfrec  t i ona l  s t n b i l i  t y  contributed b;*the landing-gear decors which 
w i l l  be discussed. l a t e r .  

4 
Values of vere mea31zed between Q* of yaw. 

- ..- 



Boyozd the 52' range of angle of ycw, CnJr wzs r e l a t i ve ly  
unaffected by the shapo of the r ea r  of the fuselage, as may be seen 
from f  iWe ~ 8 . ~  The contribution of the lower rocket f a i r i n g  t o  
the direct ional  s t a b i l i t y  of the model with the t a i l  removed w a s  
negligible ( f i g .  12) .  

The r e su l t s  of t e s t s  of' the model with the vee t a i l  (lower 
rocket f a i r i n g  on) t o  determine the e f f ec t  on s t a t i c  s t a b i l i t y  of 
increasing the t a i l  length from 1.5 t o  2.0 M.A.C. (0.31 t o  0.68 
spans) Ere presented i n  f igure  19. The t a i l  locations tes ted  may 
be seen i n  f igures  8 and 9. Figure 19 shows tha t  the change i n  t a i l  
length g8ve s change i n  direct ional  s t a b i l i t y  C of -0.0003. n4f 
Ih3.s change i n  en,,, i.8 only 20 percent of t h a t  expected. However, 
the t e s t  data have been checked and no e r ro r s  of computation ha.ve 
been f  omd. 

Csmperative Effectiveness of the Vee and Conventionzl Tai ls  

A comparison of the l e t e r a l  charac te r i s t ics  of the model with 
the vee ar,d conventional t a i l s  with the f l aps  ~ n d  gear re t rac ted  and 
extcnded i s  shown i n  f igure  13. T5is f igure  shows the var ia t ion with 
l i f t  coeff ic ient  of tlic s t a b i l i t y  parmeters  CnJr and CZ,,, obtained 

from f i g m e s  12, 14, 15, and 16. Both the vee and the conventional 
tails 2roduced nearly the same r o l l i n g  momcnt due t o  s ides l ip .  The 
direct ional  s t a b i l i t y  of the model, however, was greater with the 
convent i~na l  t a i l  than with the vee t a i l .  A t  a  l i f t  coeff ic ient  of 
0.5 Cn of the model with f l a p s  and gear both re t rac ted  and extended 

Jr 
was more negative by 0.0010 with the conventional t a i l  than with the 
vee t a i l .  

Effects  of Lcmding-Ccar Doors 

To evalua t e  the e f f ec t s  of the main landing-gear doors ( f i g s  . 4 
and 5 )  on the l a t e r a l  charac te r i s t ics  of the model, t e s t s  with the 
conventional t a i l  and p la in  wing t i p s  were made with the landing- 
gear doors open ( f i g .  12(b))  and clased ( f i g .  20). The e f f ec t  of 
the doors on the var ia t ion nf Cn and C z *  with l i f t  coeff ic ient  Jr is presented i n  f igure  21. These data show tha t  the doors reduced 

Czt  
by 0.0019 r e g ~ r d l e s s  of l i f t  coeff ic ient  and a l so  changed 

C by -0.0006 a t  a  l i f t  coef f ic ien t  of 0.6. 

5The experimental points have been omitted from f igure  12 f o r  c l a r i t y .  --- 
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Effect  of Drooped Wing Tips 

The r e su l t s  of t e s t s  t o  deternine the e f f e c t  of the drooped 
wing t i p s  on the l a t e r a l  character is t ics  of the model a re  presented 
i n f l g x r e  22. The var ia t ions  of Cn* and C 2  with l i f t  coeff ic ient  JI 
hevc been ob-tained from f i w e  22 and a re  presented i n  f igure  21 f o r  
comparison with s imilar  data f o r  the model w?th plain  wing t i p s .  The 
drocpcd t i p s  reduced the m~ximum value of 

C 2 ~  
by o .0017. A L ~ ~ O U &  

t h i s  rsdu.ctiion was l e s s  than t h a t  obtained from the landing-gear 
doors, the var ia t ion of 

C 2 ~  
with l i f t  c o e f f k i e n t  was  l e s s  f o r  the 

m ~ d s  l wi th thc drooped wing t i p s  than w i  tli the plain  t i p s .  

Figwc 21 shows thnt  when the lafidi-ng-gem doors were open 
with ths  drooped wing t i p s  on tlic model there was a mutual inter-  
ference betpreen the doors and t i p s  such the t  the reduction i n  
ma xim~m CzJ, 1-esul-ting from the drooped t i p s  was l e s s  with the 
doors open than with thc doors closed. The drooped wing t i p s  a l so  
incr*eascd the d i rec t iona l  s t z b i l i t y  Cn* 

by 0.0003 a t  a l i f t  coeff i- 
c i en t  of 0.7. 

The e f f ec t  of the  drooped wing t ip on the longitudina.1 character- 
i s t i c a  is shown i n  f igure  23. This f igure  shows tha t ,  with fla,ps 
and gear up, the droopcd t i p s  increased the l i f t  coeff ic ient  (based 
cn the or iginal  a.yeaj at a given angle of a t teck  by a.n amount which 
varied from 0 a t  O0 angle of a t tack  t o  0.13 a.t maximum l i f t .  The 
dzooped t i p s  a l so  resul ted in  an insr'ease i n  the sta. t ic longitudinal 
s t a b i l i t y  of the model a t  low l i f t  coeff ic ients .  

With the f lops  and gcar down and the landing-gear doors open, 
the mut~xnl intcrferoncc bctwccn thc d o ~ r s  and the drooped wing t i p s  
rcdi~ced t:?c incremsnt i n  lift coeff i c i cn t  obtained from the t ips .  
The drooped t l p s  increased the s t e t i c  longitudinal s t z b i l i t y  of the 
model with tht3 f l a p s  and gear down e t  low l i f t  coeff ic ients ,  but 
thc increeso wcs no t  e s  large a s  t ha t  wit11 f l a p s  a d  gear up. 

Ef f oc t of Wj.ng Inc i.6ence 

To ndJust the longitudinal balance on the XP-91 airplane,  the 
wing Incidence is varied i n  f l i g h t  from 0' f o r  hl&--speed l eve l  
f li.&t t o  6' f o r  landing. This r c su l t s  i n  a change i n  downwash a t  
the -kil md ,  consequently, in  tho l i f t  coc f f i c i en tmfor  balance, 
This chznge i n  longitu?inel bzlancc f o r  the model with the conven- 
t ion21 t a i  1 and with the f leps  end gear down is shown i n  f i@re 24. 
When the wing inci densc wc?s chcnged fram O0 t o  60 the model pitching 
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moments were changed suf f ic ien t ly  t o  reduce the up-elevator deflec- 
t ion  required f o r  balance by approximately 60 with almost no change 
i n  s t a t i c  longitudinal s t a b i l i t y .  The rotat ion of the fuselage 
re la t ive  t o  the wing when the incidence was changed reduced the l i f t  
coeff ic ient  0.1 f o r  a constant wing angle of attack. 

The l a t e r a l  character is t ics  of the model with 60 wing incidence 
are  shown i n  figure 25 f o r  the model with the conventional t a i l  and 
with the f laps  and gear down. Comparison of t h i s  figure with figure 
12(b) shows tha t  the l a t e r a l  character is t ics  of the model were rela- 
t ive ly  unaffected by the change i n  incidence. 

Control-Surface Effectiveness 

Aileron control.- Tests were made t o  determine whether the 

ai leron effectiveness during s ides l ip  w a s  affected by the drooped 
wing t i p s ,  Data, were obtained through do of yaw a t  two angles of 
attack, 0" and 8 O ,  f o r  the model with the f laps  and gear down and 
the landing-gear doors open. The t e s t s  were made with the ai leron 
on the r igh t  wing panel deflected k20°. 

The r e su l t s  of the t e s t s  of the model with plain and drooped 
wing t i p s  a re  presented i n  f igure 26. This figure shows tha t  the 
ro l l ing  moment due t o  ai leron deflection i n  s idesl ips  w a s  re la t ive ly  
unaffected by the drooped ving t ips .  However, interference between 
the ai lerons and the landing gear and doors may have obscured any 
ef fec ts  due t o  the t ips .  

Elevator control. The r e su l t s  of t e s t s  t o  determine the effec- - 
tiveness of the elevators on the conventional tail are  shown i n  
figure 2'7. The elevator effectiveness a s  indicated by d ~ ~ / d ~ ~  w a s  
-0.009 and -0.008 with the f l aps  and gear retracted and extended, 
respectively. These values a re  f o r  l i f t  coefficients from 0 t o  0.5 
and f o r  f 10' elevator deflections . 

Rudder control-- Rudder-control character is t ics  of the model 
with the conventional t a i l  a re  shown i n  figure 28 f o r  the model with 
the f l aps  up and with the f laps  and gear down a t  two angles of attack. 
These data indicate tha t  with o0 yaw d ~ , / d 6 ~  was -0.0021 and was 
relatively constant with model a t t i tude  and f l ap  deflection. Figure 
28 indicates t h a t  a rudder deflection of 20' (maximum) balanced the 
model with approximately 12' of s idesl ip .  



St8bi l izer  effectiveness.- The effectiveness of the horizontal 

s t ab i l i ze r  is shown i n  figure 29(a) and 29(b) as functions of l i f t  
coefficient m d  angle of attack, respectively. The data of figure 
29(b) indicate tha t  dcm/dq w a s  -0.018 and was re la t ive ly  

by f l a p  deflection. 

From the foregoing discussion of the r e su l t s  of t e s t s  of a 
1/8-sca.le model of the Republic XP-91 airplane, the following m y  
be concluded: 

1. The shape of the fuselage near the tail had a considerable 
e f f e c t  on the yewing moment produced by the vee tail. 

2. m e  model was more s table  directionally with the conven- 
t i ona l  t a i l  than with the vee t a i l  without -increasing the ro l l lng  
moment due t o  s idesl ip .  

3 .  The ro l l ing  moment due t o  side8li.p was reduced by e i the r  
drooped wing t i p s  or  open main landing-gear doors. Because of a 
mutual interference between the drooped t i p s  and the doors, the 
reduction in ro l l ing  moment due t o  s idesl ip  resul t ing from the 
drooped t i p s  was l e s s  with the doors open than with the doors 
closed, 

4. Increasing the wing incidence from 0' t o  6O reduced the up- 
eleva.tor deflection required f o r  balance by approximately 8O. 

5.  The a.ileron effectiveness with s ides l ip  f o r  the model with 
the f laps  and gear down and the landing-gear doors open was re la t ive ly  
unoffected by the drooped wlng t i p s .  

Anes Aeronczuticzl Laboratory, 
Rational Advisory Cornittee f o r  Aeronsuti,cs, 

Moffett Field,  Cal i f .  
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APPENDIX 

Coefficients and Symbols 

The symbols and coefficients used throughout the report  a re  
defined below: 

c L l i f t  coefficient 

/' 

side force 
CY side-f orce coeff ic ient  i ~ S W  

C 2 
' rolling 

rolling+uoment coeff ic rent  

fp i tch ing  moment 
c m  pitching-onent coefficient 

qswzw 

/yawj.ng moment 
c n yawingaoment coefficient 

qSvbw 

Cn* 
ra t e  of change of yawing moment with angle of yaw (dcn/d\l,), 

degrees 

G Z ~  
r s t e  of change of ro l l ing  moment wi%h angle of yaw ( d ~  ~/d*) ,  

d s g e e  s 

A aspect r a t i o  

b span, f e e t  

c chord, f e e t  

- 
c mean czerodynunic chord, f e e t  

i incidence, degrees 

2 11 t a i l  length from 0.255 of wlng t o  0.25T of t a i l ,  f e e t  

9 djmmic pressure (i-p~2), pounds per square foot  

R Reynolds number 
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V velocity, f e e t  per second 

% geometric angle of a t tack  of wing reference plane 
(uncorrected) , degrees 

a angle of a t tack of wing reference plane corrected f o r  tunnel- 
wall interference and strertm inclination, degrees 

r dihed.ra.1, degrees 

6 control-surface deflection, degrees 

P mass density of a i r ,  slugs per cubic foot  

II, angle of yaw of fuselage plane of symmetry, degrees 

Subscripts : 

a r right ai leron 

e elcva.tor 

w wing 

1. We iberg, James A ., and Anderson, Warren E . : Wind-Tunnel Inve sti- 
gation of tho? Lcw-Speed Characteristics of a l/%Scale Model of 
the Republic XP-91Xirplcne with a Vee and r Conventional T a i l .  
NACA CRM No. SA7L07, 1947. 

2. Salmi; Rcino J., Conner, D. W i l l i a m ,  and Graham, Robert R.: 
Effects of a Fuselage on the Aerodynamic Characteristics cf a. 
420 Swept bzck Wing a.t Reynolds Numbers t o  8,OC0,000, 1\UICA RRM 
No, L7E13, 1947. 



3 
TAB= I .- BASIC GIMENSIONS OF !PIE REPUBLIC PLP--sl AIRPLAID3 ANlj VARIOUS TAILS c * 

& ~ e a s u r e d  i n  chard plane ~erpendicular  t o  fuselage reference line. 
'Meastned pa ra l l e l  t o  fuselage reference l ine.  

C0.25~ wirg t o  0,235 t a i l .  

I 

I 
! 
I I t.em --"-- 

Area, sq f t  
Spar;, ft 
Aspect ratio 

,f'tfp chard Taper r a t i o  --- 
\ root  chorct) 

M.A.C., ft 
Xihsdral, deg 
Incidence, deg 
Air fo i l  

Section 
Percent thickness 

(namaal to load irrg 
edge) 

Sweep of leading edge, deg 
Tai l  l eKgf ,~ ,c  f t  

- - -  
- - - 
- - - 

- - - 
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TABLE I1 .- DIMENSIONS OF TRE MOVABIX SURFACES ON TBE 
REPUBLIC XP-91 AIRPLANE 

Span (one side ) , f t 
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FIGURE I ; E o S  

Figure 1, - General arrangement of the Republic XP-91 airplane. 
(a) WLth vee tail and plain wing t ips .  (b) With conventional 
tail, drooped wing t ip s ,  

Figure 2 .- Tails  tes ted on the 1/8-scale model of the Republic 
X3?-91 airplane. (a) Tee tail. (b) Conventional tail. 

Figure 3.- Comparison of the or iginal  and revised rocket arrange- 
ment. 

Figure 4.- Plain wing t i p  of the model with landingsear  door open. 
(a) Rear view. (3 )  Side view. 

Figure 5.- Drooped win4 t i p  of the model with landing-gear door open, 
(a) Front view, fb) Rear view. 

Figure 6 .- The 1/8-scale model of the Republic XP-91 airplane with 
conventional tail and drooned wing t ip s ,  f l aps  and gear down, 
landing-gear doors open. (a) Front view, (b) Rear view. 

Figure 7 .- The conventional t a i l .  (a) Plan view. (b) Side view. 

Figure 8.- The vee tail i n  the forward position. (a) Plan view. 
(b) Side view. 

Figure 9.- The vee tail i n  the a f t  position. (a) Plan view. 
(b) Side view. 

Figure 10.- Rear portion of the fuselage with t a i l  removed. 
(a) Lower socket f a i r ing  on. (b) Lower rocket f a i r ing  off,  

Figure 11.- Model support. 

Figure 12,- Lateral  character is t ics  with conventional tail, plain 
wing t ips .  (a) Flaps up. 

Figure 12.- Concluded. (b) Flaps and gear down, landing-gear doors 
open 125~. 

Figure 13.- Comparison of the l a t e r a l  character is t ics  of the model 
with the vee and conventional tails, lower rocket f a i r ing  on, 
p la in  wing t ip s .  

Figure 14.- Lateral  ~ h e ~ r a c t e r i s t i c s  with vee tail, f laps up, 
plain wing t i ~ s .  (a) Lower rocket f a i r ing  on. 

Figure 14.- Concluded. (b) Lower rocket f a i r ing  off ,  

CONFIDENTIAL 



Figure 15.- Lateral  character is t ics  with the vee tail, f l aps  and gear 
dawn, landing-gear doors open 125O, plain wing t ips .  (a) Lower 
rocket f a i r ing  on. 

Figure 15 .- Concluaed. (b.) Lower rocket f a i r ing  off .  

Figure 16,- Lateral  character is t ics  w l a  tail off ,  f l aps  and gear 
down, landing-gear doors oTen 125O, plain wing t i p s ,  (a) Lower 
rocket f a i r ing  on. 

Figure 16.- Concluded, (b) Lower rocket f a i r ing  off.  

Flgure 17,- Effect of' rocket f a i r ing  on the variation of the 
parameter with l i f t  coefficj.ent, vee tail, plain wing t ips .  

Figure 18.- Effect of rocket f a i r ing  on direct ional  s t a b i l i t y  with 
the vee t a i l ,  f lays  and gear down, plain wing t ips ,  % = 8'. 

Figure 19,- Effect  of t a i l  length on l a t e r a l  character is t ics  with 
vee t a i l ,  f laps  and gear down, landing-gear doors open 125O, plain 
wing t i p s .  

Figure 20.- Lateral  character is t ics  with conventional t a i l ,  f laps  
and gear down, landing--gear doors closed, plain wing t ips .  

Figure 21.- Effect of drooped wing t i p s  and lanciing-gear doors on 
the variation of the parameters * and C w i t h l i f t  
coeff ic ient .  n'4' 

Figure 22.- Lateral  character is t ics  with conventional tail ,  drooped 
wing t i p s ,  (a) Flaps up. 

Figure 22.- Continued. (b) Flaps and gear down, landing-gear doors 
closed. 

Figure 22,- Concluded. (c) Flaps and gear down, landing-gear doors 
open 125'. 

Figure 23.- Effect  of drooped wing t i p s  on the longitudinal character- 
i s t i c s  with the conventional t a i l .  

F i g n e  
i s t i  
gear 

24,- Effec 
cs with the 
doors o:?en 

t of 6O wing incidence on longitudinal character- 
conventional ta i l  f l aps  and gear dawn, landing- 
1~5', drooped wine; ti-ps. 

Flgure 25.- Lateral c:haracteristics with 6' wing incidence, 
conventional t a i l ,  f l a ~ s  and gear down, landing-gear doors open 
125O, ?lain wing tip. : 

CONFIDENTIAL 
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Figure 26.- Aileron effectiveness with f laps  and geaz down, landing- 
gear doors open 12r0, conventional tail. (a) Plain wing t ips .  
(b) Drooped wing t ips .  

Figure 27.- Effectiveness of the elevators on the conventional tail, 
drooped wing t iys .  (a) Flaps up. (b) Flaps and gear dcrwn, landing- 
gear doors o3en 125Q, 

Figure "r8,- Effectiveness of the rudder on the conventional tail, 
drooped wing t ips .  (a) Flaps up. (b) Flaps and gear darn, 
landing*ear doors Open 125O. 

Figure 29.- Effect  of s t ab j l i ze r  incidence on longitudinal character- 
i s t i c s ,  droone& w i n g  t i p s  - conventional tail. (a) Variation of a 
and Cm with CL. 

Figure 29.- Concluded. (b) Variation of Cm with 



AN d/menslons feet fu l l  scale 

(a] With wee tail and plain wing t@. /b) With conventional toil, drooped wing tips. 

Figure I. - General arrangement of the Republic XP -9l Airplane. 
C a l f  I D E l f  lAl  

---#I- 



All  dimcrnslons feel fu/ l  scole 

(a) .Pee tog (bj GonvenlionaB 

Figure 2. - %s~i/s fes d on the i-sco/e model of the Rspubiic XP-9/ Airplohe. - .  .- 



\ ', 
\ f foc&ets removed 

\ Origin a /  

Shaded a r e a  /s original  rocket fo ir lng 

A l l  dimensions f e e t  f u l l  sca ls  

Figure 3- Comparison of the original and revised rocket  arrangement. 



(a)  Rear view, 

(b)  S ide  view, 

F igu re  4e- P l a i n  wing t i p  of t h e  model  vith landing--gear door  open, 

A ~ W W B ~ ~ M W ~  ~ f i  



(a)  Front view, (b) Rear view* 

Figure 5,- Drooped ving t i p  o f  the  model with landing-gear door opwo 
e @ U B l D E U T % B L  

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AM-( I  L I D n V * I m " A .  . A P n ~ . ~ , , "  _ w,,mm.T.T -m.n PA.." 



(a) Front viev, (b ) Rear vime 

Figure 6,- The 118-scale model of the Republic p-91 airplane with conventional taf$ and d'~"o@ped 
wing tips, flaps and gear dovm, landing-gear doors openg C @ I C B D P U T I A L  

NATIONAL ADMspRY COMWITEE FOR AERONALFl3e _ - - - - - - - -- - . - - -- -. -- . -. - 



(b) Side view, 

Figure 7,- The conventional t a i l ,  

C @ I C I @ E U T % I L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS - - .,.- .---... 7--.. - .--- .--- 



(8) Plan vievr, ( b )  Side view, 

Figure € I 0 -  The vee tail in t h e  f o n m ~ l  .position, 

NATIONAL ADVISORY COMMmTEE FOR AERONAUTICS 
bW#S AERnXAIlTICAI. LABORAmRY a PAOFX8ETT FIELD. W P -  



(a) P l m  v i e ~ i ,  

F igure  9,- The vee t a i l  i n  t h e  a f t  pos i t i on ,  

( b )  S ide  view, 

t @ l F l B E I T I B L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

bX4R-S AERONAUTICAL UaORhTORY si X0PPEI-T *IF&LQ. 



(a) Lo%-~er rocket fa i r ing .  ono 

-- 

( b )  Lorrer rocket f a i r ing  off,  

Figure 10,- Rear portion of the fv-selage wit11 t a i l  removed,. 

F & M E B R E M F B A I  



Figure 11, - l iodel supporta 



-8 -4  0 4 8 
Ang/e of yaw, I, deg. 

-8 -4 0 4 8 
Angle of yaw, I , deg. 

-8 -4 0 4 8 
Angle of yaw, J, deg. 

-- ~ Q J  Flws. UP 

figurel2.- Loteral charocteristics with convsntional ta i l ,  plain wing tips. 



-8 -4 0 4 8 
Angle of yaw, 4, deg. 

a,,* o0 

(&I Flaps and gear down, 
Figure 12. - Concluded. 

-8 -4 0 4 8  -8 -4 
Angle of yaw, 4, deg. Angle 

cr;,.. 4O 
landing- gear doors open /25S 

0 4 8  
of yaw, 4, deg. 

-8 -4 0 4 8 
Ang/e of yew, 4, deg. 



Lift coefficient, C, Lift coefficient, CL 

0 .2 .4 .6 .8 40 
Lift coefficient, C, 

0 .2 -4 .6 .8 LO 
Lift coefficient, C, 

(6/ flaps and gear down, /onding-gear 
doors open 1 2 5 O  

---- Tai/ off 
- Vee fai/ 

--- Conventions/ #ai/ 

Figure /3.- Comparison of the /atera/ chafaeteristics of the mode/ with the wee and 
cenv@ntiov/ #ai/s, /ewer . rocket fairing on, p/ain winp tips. 

e @ l f l @ t l T l A L  
-mEon<lOrmr- 



-8 -4 0 4 8 
Ang/a of yaw, I, deg. 

< 
a,=O* a&= 4* tZ,p 8* 

i 

/d Lower rrocket Pairlnp on. 
Figure Id- l otsrol ~harccferistics with vae toi/, f/ops up, p/& wing tips. 



-8 -4 0 4 8 -8 -4  0 4 8 -8 -4  0 4 8 
Angle of yaw, (I, deg. Angle of yaw, +, deg. Angle of yaw, (I, deg, 

/bj Lower rocket' fairing off. 
figure l4.-Concluded. 



- 8 - 4  0 4 8 
Angle of yaw, 4, deg. 

-8 - 4  0 4 8 
Angle of yaw, #, deg. 

-8 - 4  0 4 8 
Angle of yaw, &, deg. 

-8 -4 0 4 8 
Angle of yaw, +, deg. 

/a) Lower rocket fairing on . 
figure 15- Lateral characteristics with the vee tail,  flaps and gear down, landing-gear doors open /2tF0, plain wing tips. 



.I 

0 

-. / 
-8 -4 0 4 8 

Angle of yaw, #, dsg. 
-8 -4 0 4 8 

Ang/e of yaw, $, dsg. 

c$d.OO a,= 4 O  

Lowsf rockst fairing off .  
Figure /5.- Concluded. 

-8 -4 0 4 8 
Angle o f  yaw, I, deg. 



-8 -4 0 4 8 -8 -4 0 4 8 -8 -4 0 4 8 -8 -1 0 4 8 
Angle of yaw, #, deg. Angle of yaw, $, deg. Angle of yo w, 4, dsg. Angle of  yow, $, deg. 

6ff) Lower rocket fa i r ing sn. 
figure /a- Lateral  choracteristics with to i l  of f ,  flaps and gear down, landing-gear doors open /25; plain wing Pips. 



-8 -4 0 4 8 -8 -4  0 4 8 
Angle of yaw, gC, deg. Angle of yaw, a, deg. 

(bj Lower rockst f ~ i r i n g  of f .  
fiBuf@ /61- Conc/uded. 

-8 -4 0 4 8 
Angle of yaw, $, deg. 

-8 -4 0 4 8 
Angle of yaw, $, deg. 



0 .  2 .4 .6 .8 0 .  2 .4 6 .B LO 
Lift coefficient, C, I .  

Lift coefficient, C, 

0 m p s  up 
\ 161 F/ops ond gear down 

- .  - * 
Revised lower rocket foiring on, londing-geor doors open /25' with f/ops down 

---- Revised lower rocket foiring off, londing-geor doors open /25@ with f/ops d m  
-p-c- Oripinol rocke f - fuirinp ' met: l) , ionding-gear doors closed with fEops &w/) 

t 

. f  - A . I  

figure /&Ef fmt  of rocket f a i r ing .@n the vor ia t ionof tLporametw &+' 
witn lift co&fficient, vee foil, ploin wing tips. - 4 

$ 2  



Ang/e of yaw, 4, deg. 

P Revised lower rocket fairing on, landing-gear doors open 125. 
---- Revised lower rocket fairing off, /onding-geor doors open 125. 

--- Origin ol  rocket foirlng (M 1) , landinp- pet doors c/osed, 

Figure /&- Effsct of ro  c ke  t fa i r ing  on d/rectiono/ stabiNty with the toil, @ 

flaps and geor down, p/oin wing 4 s )  %=8'. COIF IOENTIM 
- - - c a u u a  



-8 -4 0 4 8 
Angle of yaw, 4, deg. 

I 4 

i .  , 
&I"& .la- Effect of toil /@npth on lotsrol chorochris tics with wr foil, flops $ 1 '  

'(- 1 
, 

t snd peor down, Ionding-geur doors open 125O, pluin wing ti's. , I 

j. !%d:-' . - , ' .  



Q% ./ 
9, 

t g e - ?  0 18 
B r ,  
$ 9 ,  

@ 8 -./ 

-8 -4 0 4 8 -8 -4 0 4 8 -8 -4 0 4 8 -8 -4 0 4 8 
Angle of yorw, r(l, deg. Angle of yaw, 4, deg. Angle of yaw, 4, dsg. Angle of yow, $, 4699. 

- . . 

Figure 20.- Loteral characteristics with conventional tail, flops and gear down, landing-gear doors closed, ploin wing tips. 



0 .2 .4 .6 .8 LO 
Lift coefficient, C' 

.006 

.004 

3.002 

0 

0 .2 .4 .6 .8 10 
L i f f  coefficient, CL 

0 .2 .4 .6 .B LO 
Lift coef fisisn t, Ck 

0 -2 .4 .6 .8 LO 
L iff coefficient, 6; 

(01 F/aps up (6) F /ups ond gear down 

P/oin tips - Lhding-gear doors dosed 
------ Londing-gear doors wen /25* 

Drooped tips --- Landing- gear doors dosed 

---- Landing-geor doors open /25" 

Figup8 21.- Effect of drooped wrng tips ~ n d  /onding-gr@@r BBBPS cn the w@?iation 
sf the par~.mlotars 6& and CRe with lit9 rco~ffdcibsnt~ 



Angle ~f yaw, $, dep. 
- 8 - 4  0 4 8 

Ang/e of yaw, $, deg. 
-8 -4 0 4 8 

Angle of you, 4, deg. 

tXu* O@ a"= 4 O  a&= 8 O  

/a1 F/ups up. 
Figure 22- Lafei-01 characteristics with conventiono/ toil, drooped wing tips. 



Angle of yaw, 4, deg. 
-8 -4 0 4 8 

Angle of  yaw, 4, deg. 
-8 -4 0 4 B 

Angle of yaw, $, deg. 

- .- - 

(bj Flaps and gear down, landing-gear doors closed. 

Ftgure 2 2 ~  Conttnued . 



- 8 - 4  0 4  8 
Angle of yaw, 4, deg. 

-8 -4 0 4  8 
Angle of yaw, 4, deg. 

-8 -4 0 4  8 
Angle of yaw, 4, deg. 

-8 -4 0  4 8 
Angle of yow, (, deg. 

(c) Naps  and gear down, landing-gear doors open 1255 

figure 2s Concluded. 



Angle of attack, a, deg. . 

(a) flaps up 

Pitching - moment coefficient, C, 

Pitching - moment coefficient, 6',, 

./6/ F/ops and gear down, /anding- ' doors open /P5* 



Angle of at tack, a, deg. Pitching- moment coefficient, C, 

Figure 24- Effect of 6' wing incidence on longitudinal characteristics wifh the c@nventioni 
toih flops-cmd WQr down,londing-gear doors open /25: drooped wing tips. 

. - C O N f  l D L H l i A L  
fw'IioMAl ADVIScnlY Co-w&mt% F04 CE@uNAI 



-8 -4 0 4 8 
Angle of  yaw, 4, deg. 

-8 -4 0 4 8 
Angle of yaw, (I, deg. 

-8 -4 0 4 8 
Angle of yaw, 4, deg. Angle of yaw, 4, deg. 

Figur. 25- L otrrol charocterislks with 6. wing incidence, conventional toil ,  flaps and gear down, landing - pear doors opsn /25: 
plain wing tips. G O N f l D E N T I A k  ,. 

MA- M V ~ Y  C O M M ~ ~ ~  KM A ~ U T K S  



- 8 - 4  0  4  8 - 8 - 4  0 4  8  
Angle of yaw, $# deg. Angle of yaw, 4, deg. Angle of yaw, 4, deg. 

a,. oO 

-8 -4 0 4 8 
Angle of yow, g, deg., 

(0) Blain wing t/bs (bl Drooped wing tips 

Figure 26.- Alleron effectiveness with flaps and gear down, landing-gear doors open 125*, convent'ional t d .  

EOWCI8EIIIhL 
~ # * L m w s a v - m e r r r v a  



r Angle of attack, a, deg. Pitching - moment coefficient, 6, 

(01 #=/ups up 

Angle of attack, deg. Pitching- moment coef ficient, C, 

/b) F/ops ond gear down, Ionding-gear doors open 125' 

figure PZ- Effectiveness of the elevators on the conventional toi l ,  drooped wing ttps . C @ W C l @ t l ? l l L  
- * D V . o l * Q Y r m m B ~  



- Angle of vow, $, deg. Angle of yaw, 4, deg. 
8 -4 0 4 8 

Angle of yaw, 4, deg. 
- 8 4 0 4 8  

Angle of pcrw, 4, d9g. 

a,= P (Zu=8* a+ Q* t X O ~ f f e .  
(0) Flops up lBI Flops and geor akwq 

landing-geor doors cpen 125.  

F/gure 2%~ Effectiveness of the rudder on the conventionol toil, drooped wing tips. 
C O l F l B E l T l A L  
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Angle of attack, a, deg. 

Flops and gear 

-20 . /6  . /2  .08 .04 0 -.04 408 42 -.I6 -.20 -24 
Pitching- moment coefficient, C, 

UP 

-20 . /6  .I2 .08 .04 0 -.04 -.08 -. /2 - . /6 520 -.bl 
Pitching - moment coefficient, C' 

down, landing-gear doors open l25* 

(a) Variation of a and C, with C, 
Figure 29.- Effect of stabilizer incidence on longitudinal characteristics, drooped wing tips, conventional to//. 



Pitching - moment coefficient, 6, Pitching- moment coefficienl, C,, 

Flaps up 

Itr) Volioticn of C' with QGU 

F/aps ond geor down, landing- geor doors q s n  /P5 ? 

Restriction/Classification Cancelled




