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INVESTIGATION OF 

AEROSSYNAMIC CEARACTERISTICS OF A TRAPEZOIDAL-W3NG 

AIRPLANE MODEL W I T B  VARIOUS VERTICAL POSITIONS OF 

NUMBERS OF 1.41 AND 2.01 

By Gerald V. Foster 

An investigation has been  conducted in the Langley 4- by &-foot 
supersonic  pressure  tunnel t o  determine the effects  of various  vertical  
positions of a wing and horizontal tail on the static longitudinal  aero- 
dynamic characterist ics of a trapezoidal-wing  drplane model at  Mach 
numbers of 1.41 and 2.01. T ~ E  model was equipped with a w i n g  and hori- 
zontal tail having Oo sweep of the 75-percer.lt-chord line. The wing had 
an aspect  ratio of  3, taper r a t i o  of 0.25, ztnd 4-percent-thick  circular- 
axc a i r fo i l   sec t ions .  The umwept horizontal tail had an aspect   ra t io  
of 4, taper ratio of 0.60, and 4-percent-thfck hexagonal a i r fo i l   sec t ions .  
The model was also tes ted  with 8 45O sweptback horizontal tail with &11 

U C A  65~006 a i r f o i l  section and aspect   ra t io  and taper   ra t io   ident ical  
with the unswept tail. 

In general,  the  effects of wing vertical   posit ion at  Mach numbers 
1.41 and 2.01 are  similar t o  those obtainel  a t  eubsonic  speeb.. meri- 
mental l i f t  and pitching-moment characterist ics of the m i d w i n g  tai l-off 
configuration  indicated a s l igh t ly  lower l if t-curve slope f o r  Mach num- 
ber 1.41 and a less  negative pitching-moruent-curve slope  for bothMach 
numbers than predhted  by theory.  For the tail-on configuratlon,  experi- 
mental  and  predicted l i f t  characteristics  agreed fairly w e l l ;  however, 
experimental  pitching-moment characteristics  indicated a ?-percent- 
grea te r   s ta t ic  margin a t  Mach  number 1.41 and a 4-percent-lower s t a t i c  
margin at  Mach number 2.01 than  predicted. A change i n  vertical posit ion 
of the unswept horizontal tail from law to  high r e su l t ed   i n  a posit ive 
trim change w i t h  and without  the wing. Incorporating 45O $weepback i n  
the  horizontal   ta i l  on the midwing configuration a t  a Mach  number  of 
1.41 decreased the positive trim change of the high-tail configuration 
but had no appreciable  effect on the  longitudinal  characteristics of the 
l o w - t a i l  configuration. 

ASS! Ft ED 
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INmODUCTION 

A knowledge of the effects  of wing and horizontal-tail  position on 
the aerodynamic characteris-tics of wing-body configurations i s  Fmportant 
i n  the aerodynamic design of an aircraft. Experimental  studies have 
yielded a considerable amount of such informtion a t  subsonic  speeds  (for 
example, see refs. 1 t o  4); however, a t  the present  only limited amounts 
of such  information are avai lable   in  the supersonic speed range (for 
example, aee  refs. 5 t o  7 ) .  

Recently, a study a t  Mach numbers of  1.41 and 2.01 has been  con- 
ducted i n  the Langley 4- by 4 - f O O t  supersonic  pressure  tunnel t o  provide 
additional  information  concerning the effects a t  supersonic speeds of  wing 
and horizontal-tail   vertical   posit ion and horizontal-tail plan form on the 
aerodynamic characterist ics of a model having t r a p e z o i m   l i f t i n g  surfaces. 
The longitudinal phase of the investigation is presented  herein. 

SYMBOLS 

The results  are  presented as coefficients of forces and moments and 
are referred  to  the stability-exis system w i t h  the reference  center  of 
moments located a t  25 percent of the wing mean geometric  chord. 

The symbols ueed herein are defined a8 follows: 

CL l i f t   coe f f i c i en t ,  LIft/qS 

% 
Cnl pitching-moment coefficient,  Pitching mCaaent/qSE 

% 
9 f ree-s t rew dynamic pressure,  lb/sq f t  

drag  coefficient, Wag/qS 

tail pitching-moment contribution, on - Cmtsil off 

M Mach nmber 

s wing area, sq f t  

C local chord, f t  

E mean geometric  chord, f t  

b Wtng span, f t  
8 
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. 
it horizontal-tail  incidence angle, deg 

I L/D l i f  t-drag  ratio 

a angle of attack, deg 

X 
CP 

center of pressure,  percent E 

MODEL 

The geametric  characteristics of the model are given i n  figure 1 
and table I. The wing was constructed of s t e e l  and had an aspect   ra t io  
of 3.0, a taper   ra t io  of 0.25, and Oo sweep a t  the 75-percent-chord line. 
The thickness  ratio of the wing was 0.04 and the   a i r fo i l   sec t ion ,  
para l le l  t o  the plane of  symmetry, is a symmetrical c i rcu lar   mc.  The 
body, camposed of an ogive  nose, a cylindrical  mideection, and a s l igh t ly  
boattailed  afterbody, had a fineness  ratio of ll. The wing was attached 
t o  the body i n  ei ther  a high, mid, or  low position. The w e p t  hor i -  
zontal tail had 16.6' sweepback of the  quarter-chord line, an aspect 
r a t i o  of 4, a taper   ra t io  of 0.6, and 4-percent-thick hexagonal sections. 
An alternate  horizontal tail had 45O sweepback of the  quarter-chord Ilne 
and NACA 6p006 a i r fo i l   sec t ion .  The horizontal tail was mounted on the 
ver t i ca l   f i n  a t  vertical   posit ions of the tail referred t o  as "high tail" 
and tai l ' '   located 0.382b/2 above and 0.208b/2 belaw the body center 
line,  respectively;  Provisions were made f o r  manually varyfng the  inci-  
dence angle of the  horizontal tall from Oo t o  -60. 

I 

* 

TESTS, CORRECTIONS, AND A c m m  

Force  and moment measurements were made through the   we  of a s ix-  
component internal  strain-gage  balance  attached  to a rotary-type sting. 
The conditions of the tests were as follows: 

Mach number . . . . . . . . . . . . . . . . . .  1.41 2.01 
Stagnation  pressure,  lb/sq in. ab8 . . . . . .  10 10 
Stagnation  temperature, OF . . . . . . . . . .  
Reynolds number based on E . . . . . . . . . .  2.23 x 1 '3 1.84 x lo8 10 

The stagnation dewpoint'was maintained suff ic ient ly  low (-25' F or  
less) so that no significant  condensation  effects were encountered i n  
the tes t   sect ion.  
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The s t ing  angle w a s  corrected  for the deflection under load. The 
base pressure wks measured and the drag force w a s  adjusted t o  a base 
pressure  equal t o  the free-stream  static  pressure. 

The estimated errors in the individual measured quantities are a8 
f ollms : 

M = 1.41 M = 2.01 

CL . . . . . . . . . . . . . .  
to. 0027 fO .0022 G . . . . . . . . . . . . . .  
t o .  0006 *O . m 5  c; . . . . . . . . . . . . . .  
fO .006g fo .m56 

a, deg . . . . . . . . . . . .  0.2 0.2 
it, deg . . . . . . . . . . .  to .  2 f0.2 

The Mach nmber  variation  in the t e a t  section w a s  approximately f O . l  
and the flow-angle  variation i n  the  vertical  and horizontal  plane did not 
exceed  about fO.lO. 

RESULTS AND DISCUSSION 

Effect of W i n g  Vertical  Position 

The longitudinal aeroaynamic characterist ics of wing-body .configu- 
rations  presented in figures 2 to 4 show the effects  of w i n g  ver t ica l  
position a t  M = 1.41 and M = 2.01. A t  a Mach  number of 1.41, the 
e f fec t  of wing position  appears t o  result   primarily in a shift i n   t h e  
center of pressure  (fig. 4 )  coupled  with small changes i n  l i f t  and drag 
( f ig .  2) .  For example, a t  a constant  angle of attack the high-wing con- 
figuration has a s l igh t ly  lower l i f t  and a more forward  center of pressure 
and thus a less  negative  pitching mment  than the midwing configuration, 
whereas the  converse i s  t rue   for  the low w i n g .  The change i n  Lift due t o  
wing position is associated with body induced  negative  pressure on the 
lower surface  of  the high wing and on the upper surface of the low wing. 
Both the high- and low-wing configurations had higher drag  than the mid- 
w i n g  configuration a t  a = Oo and this amounted t o  an incremental  drag 
coefficient of approximately 0.0020. A t  the higher Mach  number (M = 2.01) 
(fig.  3 ) ,  change i n  wing position had no effect  on the l i f t  or  drag at  low 
angles of attack up t o  approximately 80 but did tend t o  alter the  center 
of pressure &nd thus resulted i n  changes in   pi tching moment similar t o  
those  noted fo r  M = 1.41. In the moderate  and high angle-of-attack  range, 

4 - 
! 
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the pitching moments of the high-wing and midwing configurations are 
essentially  the same; whereas the low-wing configuration exhibited a 
less negative  pitching molnent than either   the midwing or the high-wing 
configuration. The reason  for this relative  decrease in pitching moment 
for   the low wing is  not  clearly understood  but it would appear t o  be 
associated w i t h  the   effects  of w a k e  interference of the low  wing on the 
afterbody a t  moderate  and high angles of attack. In general the effects 
of wing posit ion a t  angle of attack up to   approxhate ly  8O on  the longi- 
t ud ina l   s t ab i l i t y  characteristics are similar t o  the effects indicated 
f o r  subsonic speeds. (See re f .  1, f o r  example.) 

Theoretical  predictions of the variation of lift and pitching-ament 
character is t ics  of the wing-body configuration with angle of attack w e r e  
made based on the method  of reference 8. This method is based on a planar 
model and limited t o  low angles of attack. The theory  (figs.  2(a) and 
3(a) ) indicates   s l ight ly  k g e r   v d u e s  of a t  M = 1.41 and a more 

negative  value of % at  both Mach nmbers than obta;lned experimentally. 
cLa. 

The l i f t -drag   ra t io   ( f ig .  5 )  for  M = 2.01 i s  not  affected by change 
i n  wing position  within limits of the investigation; whereas, fo r  M = 1.kl 
e i ther  an increase o r  a decrease i n  wing posi t ion  re la t ive t o  the mi&- 
resulted in  a decrease i n  l i f t -d rag   r a t io   pa r t i cu la r ly   i n  the region of 
maximum l i f t -drag   ra t io .  

Tail-On Characteristics 

Longitudinal aerodynamic character is t ics  of the wing-body-tail con- 
figurations and body-tail  configurations  obtained a t  M = 1.41 and 
M = 2.01 are presented i n  f igwee  6 t o  13. The e f fec t  of wing posit ion 
for  a given  horizontal-tail   posit ion and the e f f ec t  of horizontal- ta i l  
posi t ion  for  a given wing posit ion on the longi tudina l   s tab i l i ty  charac- 
t e r i s t i c s  are shown i n   f i gu res  14 and 15, respectively. The effect of 
the w i n g  on the pitching-moment contribution of the unswept horizontal 
tail i s  shown in  figure 16. The data presented in   f i gu res  1-7 and 18 show 
the ef fec t  of  sweep of the horizontal tail. The trim charac te r i s t ics   for  
the  various wing and horizontal-tail   posit ions are given i n  table 11. 

In  general, the pitching-manent characteristics  obtained with a 
given  horizontal tail (f ig .  14) indicate that the wing ver t ical   posi t ion 
had a re la t ive ly  small e f fec t  on the long i tud ina l   s t ab i l i t y   a t  M = 1.41 
and M = 2.01. It is  of i n t e re s t  t o  note, however, that a t  M = 1.41 
change from high t o  low w i n g  tended t o  inccease the static margin at  
moderate l i f t  coefficients w i t h  the high-tai l  arrangement; w h e r e a s  
w i t h  the low-tail arrangement a comparable change i n  w i n g  vert ical   posi-  
t ion  tended t o  decrease  the static margin. A caparison of  the tail 
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pitching-moment contribution  (fig. 16) tends to   indicate  that these 
changes i n   s t a t i c  margin are  probably  associated w i t h  the wing inter-  
ference flow f ie ld  on the W l .  

Theoretical  predictions of the l i f t  and pitching-moment character- 
i s t ics   for   the  wing-body-tail  configuration were based on reference 8. 
As previously stated, this method is based on a planar model; conse- 
quently, it does not  account fo r  the effects  of vertical   posit ion of  the 
wing or  ta i l .  Interferences  resulting from downwash i n  the region of the 
tail caused by the wing vortices have been included i n  these predictions. 
It may pe noted in   f igures  7 (a) and lO(a) that the  experimental  and e s t i -  
mated l i f t  characterist ics of the  tail-on  configuration  agree  fairly w e l l ;  
however, the experimental pitching-moment characteristics  indicate a 
5-percent-greater s t a t i c  margin a t  Mach  number 1.41 and a 4-percent-lower 
s t a t i c  margin a t  Mach  number 2.01 than predicted. 

The most significant  effect  of horizontal-tail  position is  associated 
w i t h  the trim characteristics.  Figure 1-5 indicates that 8. change i n  ver- 
t ical   posi t ion of the t a i l  from low t o  high resulted in a positive t r i m  
change. &me, the  drag  incurred w i t h  the high-tai l  configuration  for a 
given t r i m  condition might be expected to be less than with the low-tail 
configuration. The validity of this i s  beyond the  limitation of the 
present  investigation  since  the trim Characteristics were obtained f o r  
on ly  two ta i l  incidence  angles; however, reference 7 indicated that f o r  a 
swept-wing-tail  arrangement, a horizontal t a i l  located  in a vertical   posi-  
t ion comparable t o  that of the present high tail provlded a s l ight ly   larger  
lift-drag ra t io  than a low-tail  configuration a t  a trinnned l i f t  coefficient 
of 0.20 and greater. 

P 

The primary effect  a t  M = 1.41 of increasing the sweepback of the 
horizontal t a i l  from I-6.6O at  the  quarter-chord l i n e   t o  4 5 O  a t  the quarter- 
chord l ine  ( f ig .  17) is t o  decrease the positive trim change associated 
with the  high tail; whereas, the  effects of the change i n  sweep of the low 
tail on the longitudinal  stabil i ty  characterist ics were negligible. The 
variation of pitching-mment  coefficient withMach number obtained a t  
a = Oo for  the swept and unswept horizontal tail are presented i n   f i g -  
ure 18. The results for  the swept t a i l  and body were obtained i n  a pre- 
vious  investigation of which a portion is reported i n  reference 7. It 
may be noted tha t  a t  M = 1.41 the presence of the w i n g  i n  the mid- 
position does not d t e r  the effec t  of tail sweep on C, a t  a = 00. 

CONCLUSIONS 

An investigation of the  effects of v a r i o w  vertical  positions  of a 
wing and horizontal tail on the  static  longitudinal aerodynamic charac- 
t e r i s t i c s  of a trapezoidal-wing model at Mach numbers of 1.41 and 2.01 
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indicated  the  following  conclusions: 

1. The high-wing configuration had s l igh t ly  lower Lift and a less 
negative  pitching moment than the midwing configuration  for angles of 
attack up t o  approximately 8O, whereas the converse was true for   the 
low wing. In general, these effects of w i n g  vertical   posit ion are 
similar to  those  obtained a t  subsonic  speeds. 

2. Experimental l i f t  and  pitching-moment characterist ics of  the 
midwing tail-off  configuration  indicated a slightly lower l if t-curve 
slope  for Mach nmber 1.41 and a less negative pitching-moment-curve 
slope  for  both Mach numbers than predicted by theory. For the tail-on 
configuration,  experimental and predicted l i f t  characteristics  agreed 
f a i r l y  w e l l ;  however, experimental pitching-moment characterist ics 
indicated a 5-percent-greater static margin a t  Mach  number 1.41 and a 
4-percent-lower static margin a t  Mach  number 2.01 than predicted. 

3.  Change in   ve r t i ca l   pos i t i on  of the unswept horizontal tail from 
low t o  high resulted i n  a positive trim change with or  without  the wing. 

4. Incorporating 45O sweepback i n  the horizontal taLl on the midwing 
configuration a t  a Mach number of 1.41 decreased  the  positive trim change 
of the high-tail configuration  but had no appreciable  effect on the 
longitudinal  characteristics of the  low-tail  configuration. 

Langley  Aeronautical  Laboratory, 
National Advisory C o m m i t t e e  f o r  Aeron&utics, 

Langley Field, Va., December 13, 1957. 
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w i n g :  
Area. sq i n  . . . . . . . . . . . .  Span. i n  . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . .  
Tip  chord. in . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . .  
Mean geometric chord. in . . . . .  
Spanwise location of meen geometric 

chord. percent wlng semispan . . 
Incidence. deg . . . . . . . . . .  
Sweep of 75-percent-chord line. deg 
Airfoil  section . . . . . . . . . .  

Taper ra t io  . . . . . . . . . . . .  

. . . . . . . . . . . . . .  192 . . . . . . . . . . . . . .  24 . . . . . . . . . . . . . .  12.80 . . . . . . . . . . . . . .  3.20 . . . . . . . . . . . . . .  0.25 
3 . . . . . . . . . . . . . .  8.96 

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  40 . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . .  0 . . . . .  4-percent circular-arc 

9 

Body: . . . . . . . . . . . . . . . . . . . . . . . . .  36.64 . . . . . . . . . . . . . . . . . . . .  3.33 . . . . . . . . . . . . . . . . . . . . . .  2.67 
Length-diameter r a t i o  . . . . . . . . . . . . . . . . . . . . .  11.00 

c 

Horizontal Tail: 
Trapezoidal . 

Area. sq i n  . . . . . . . . . . . .  span. in . . . . . . . . . . . . .  
Root chord. in . . . . . . . . . .  
Tip chord . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . .  
hpec t   r a t io  . . . . . . . . . . .  
Sweep of 75-percent-chord line. deg 
Airfoi l  section . . . . . . . . . .  
k e a .  sq i n  . . . . . . . . . . . .  Span. i n  . . . . . . . . . . . . .  
Root chord. in . . . . . . . . . .  
TLp chord. in . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . .  
Sweep of quarter-chord line. deg . 
Airfoil  section . . . . . . . . . .  

Sweptback . 

. . . . . . . . . . . . .  28.8 . . . . . . . . . . . . .  10.73 . . . . . . . . . . . . .  3.35 . . . . . . . . . . . . .  2.01 . . . . . . . . . . . . .  0.60 . . . . . . . . . . . . .  4 . . . . . . . . . . . . .  0 . . . . . .  4-percent hexagonal 

. . . . . . . . . . . . .  28.6 . . . . . . . . . . . . . .  10.73 . . . . . . . . . . . . .  3.35 . . . . . . . . . . . . .  2.01 . . . . . . . . . . . . .  0.60 . . . . . . . . . . . . .  4 . . . . . . . . . . . . .  45 . . . . . . . . . .  NACA 63~006 

Vertical tail: 
k e a   t o  body center line. sq in . . . . . . . . . . . . . . . .  43.5 
Span from body center line. in . . . . . . . . . . . . . . . .  7.29 
Root chord. in . . . . . . . . . . . . . . . . . . . . . . . .  8.17 
Tip chord. in . . . . . . . . . . . . . . . . . . . . . . . . .  3.44 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.42 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  1.29 
Sweep of leading edge. deg . . . . . . . . . . . . . . . . . .  35 
A i r f o i l  section . . . . . . . . . .  Wedge nose. slab side with con- 

stant thickness of 0.437 inch 

V e n t r a l  fin: 
Exposed area. sq i n  . . . . . . . . . . . . . . . . . . . . . .  8.54 
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TABU 11. - S W Y  OF TR7M CKARACTERISTCCS 

g 
High 

Low L O W  

M = 2.01 

3 -05 
1.37 
2.96 
1.06 
2.90 

70 

0.367 
.250 
.337 
.269 
.310 
.282 

0.0853 4.28 
.0582 4.28 
-0735 4.57 
.mgo 4.56 
.0895 3.46 
.a520 4.55 

0.0500 4.30 
.0380 3.42 
.0520 4.42 
.0390 3.84 
.0720 4.00 
“0 3.33 
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(b) Horizontal tails. 

Figure 1. - Concluded. 
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(a) Variation  of  longitudinal  characteristics with angle of attack. 

Figure 2.- Effect  of  wing  vertical  position on the  longitudinal  aerody- 
namic  characteristics  of the w3ng-body configuration. M = 1.41. 



14 NACA FiM L58A07 

(b) Variation of longitudinal characteristics with lift. 

Figure 2. - Concluded. 
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(a) Variation of longitudinal  characteristics  with  angle of attack. 

Figure 3.- Effect of w i n g  vertical position on the  longitudinal aerody- 
namic characteristics of the wing-body configuration. M = 2.01. 
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(a) Concluded. 

Flgure 3. - Continued. 
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(b) Variation of longitudinal  characteristics w i t h  lift. 

Figure 3. - Continued. 
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CL 

(b) Concluded. 

Flgure 3.  - Concluded. 
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Figure 4.- Effect of wing vertical p o s l ~ o n  on the  variation of center of pressure with angle 
of  attack for the --body configuration. 
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pigure 5.- Effect of wing vertical position on the variation of lift-drag r a t i o  with a@e 
of attack f o r  the wing-body configuration. 
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(b) Low tail. 

Flgure 7. - Concluded. 
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(b) Low tail. 

Figure 8. - concluded. 
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(b) Law tail. 

p&ure 10. - Concluded. 
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(b) Low tail. 

Figure 11.- Concluded. 
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(a) High hil. (b) Low tail. 

Figure 12.- L o n g i t u d i n a l  aerodynamic characteristics of wing-off 
configuration  with the unswept horizontal tail at  various  vertical 
positions. M = 1.41. 
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(a) High tail. 
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Figure 13.- Longitudiml aerodynamic characterist ics of wing-off con- 
figuration with  the unswept horizontaJ. tail at various vertical 
pO8itiOIU. M = 2.01. 
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(b) Law tail. 

Figure. 13. - Concluded. 
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(a) M = 1.41. 

Figure 14.- Effect of w i n g  position on the longitudinal stability char- 
acteristics of the complete configurations with variom horizontal- 
tail positions. 
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(b) M = 2.01. 

Figure 14.- Concluded. 
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(a) M = 1.41. 

Figu 
8 
re 15.- Effect of horizontal-tail  position  on  the  longitudinal 
tability of the complete  configurations with various wing positions. 
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(b) M = 2.01. 

Figure 15. - Concluded. 
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(a) M = 1.41. (b) M = 2.01. 

Figure 16. - The effect of ving on the pitching-mmnt contribution of the  unsKept 
horizontal tall. 
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(b) Lov W. 

Figure 17.- Concluded. 
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(a) wing off. 
Figure 18.- Effect of horizontal-tail plan form on the pitching-mment 

coefficients  of  the  wing-off and wing-on configuratione  at a = Oo. 
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