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SUMMtZRY 
A n  additional ser ies  of high-speed wind-tunnel t e s t s  of E? modified 

0.17-scale model of the McDonnell XF2H-1 airplane was conducted t o  eval- 
uate the e f f ec t s  of a reduction i n  the thickness-to-chord r a t i o s  of the 
t a i l  planes, the displacement of the horizontal t a i l  re la t ive  t o  the ver- 
t i c a l  t a i l ,  and the extension of the t r a i l i n g  edge of the wing. FJO t a i l -  
intersection fa i r ings  designed t o  improve the flow a t  the t a i l  were also 
tested.  The pitching-oment character is t ics  of the model were improved 
s l ight ly  by the use of the thinner t a i l  sections. Rearward or rearward 
and downward displacements of the horizontax t a i l  increased the c r i t i c a l  
Mach number a t  the t a i l  intersection from 0.725 t o  a maximum of 0.80, but 
caused an excessive change i n  pitching-oment coefficient a t  the higher 
Mach numbers. Extending the t r a i l i n g  edge of the wing did not improve 
the s t a t i c  longitudinal-stability character is t ics ,  but increased the 
pitching-down tendency between 0.725 and 0.825 Mach numbers pr ior  t o  the 
pitching-up tendency. The extended wing did, however, increase the Mach 
numbers a t  which these tendencies occurred. The increase i n  the Mach 
numbers of divergence and the t u f t  studies indicate a probeble increase 
i n  the buffet  l i m i t  of the prototype airplane. It0 perceptible improve- 
ment of flow a t  the t a i l  intersect ion was observed with the two fa i r ings  
tested on the forward t a i l  configuration. 

A s  a r e su l t  of previous wind-tunnel t e s t s  of two versions of the 
O.l7-scale model of the McDonnell XF'2H-1 airplane, the Bureau of Aeronau- 
t i c s ,  Navy Department, requested additional wind-tunnel t e s t s  of the model 
modified t o  comply with the recommendations made i n  reference 1. 

This investigation evaluates the e f f ec t  of a reduction i n  the 
thickness-to-chord r a t i o  of the t a i l  plcnes, the e f fec t  of displacing the 
horizontal-tail plcne re la t ive  t o  the ver t ica l - ta i l  plane, and the e f fec t  
of extending the t g-edge 
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wing. Data for two wing 
on the mods1 in combina- 
H2, H3, H4, and B,,, are 

presented in this report. 

The wind-tunnel tests were conducted through a Mach number range 
from 0.40 to 0.90, corresponding under the test conditions to a Reynolds 
number range from 3.2 to 5.1 million. 

The coefficients and symbols are defined as follows: 

c~ drag coefficient (m 1 
\ qs / 

C L lift coefficient 
\ ,- (hinge moment 

Ch hinge-moment coefficient 
\ 2 q M ~  

C m pitching-moment coefficient about the airplane lateral axis 
through the quarter point of the mean aerodynamic chord 
(pitch:; moment \ 

,; 

M Mach number 

MA moment about hinge line of control-surface area behind the hinge 
line, feet cubed 

Mcr critical Mach number, corresponding to first occurrence of local 
sonic velocity 

P pressure coefficient 

(local static pressure)-(free-stream static pressure) 7 

q i 
PC, critical presswe coefficient, corresponding to,local sonic 

velocity 

S wing area, square feet 

V velocity, feet per second 

b wing span, feet 

local chord, feet 

wing mean aerodynamic chord 
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i incidence, degrees 

4 dynamic pressure ) , pounds per square foot 

t - thickness-to-chord r a t i o  
C 

Y l a t e r a l  coordinate, measured from plane of symmetry, fee t  

a angle of attack of fuselage reference l ine ,  degrees 

6 control-surface deflection, posit ive when t r a i l i n g  edge i s  lamred,  
degrees 

P free-stream mass density, slugs per cubic foot 

Subscripts 

e elevator 

t horizontal t a i l  

APPARATUS ATJD TESTS . 

Model Description and Support System 

Figure 1 shows for  comparison the plan forms of the two wings 
(W3 and W,) tes ted on the model with the revised wing (w2) of refer- 
ence 1. Figure 2 presents the geometric character is t ics  of wings W 3  
and W,, while figure 3 shows the r e l a t ive  locations of the horizontal- 
t a i l  planes ( H ~ ,  H,, H,, and H ~ )  with respect t o  the ve r t i ca l  t a i l  and 
gives i n  tabular form information on the t a i l  assemblies. Photographs 
of the model with W&13 and WSHs are presented i n  figure 4. Dimen- 
sional data on wing W2 and t a l l  Hz, a s  well a s  a detailed descrip- 
t ion  of the model and the support system, are given i n  reference 1. 

I n  order t o  f a c i l i t a t e  the comparison between the data obtained i n  
t h i s  investigation and those presented i n  reference 1, the wing area of 
W 2  was used i n  reducing the data t o  coefficient form. The areas of W3 
and W, exceeded tha t  of W2 by approximately 8 and 12 percent, 
respectively. The fuselage was included i n  a l l  t e s t s ,  but for  simpli- 
c i t y  of notation the complete model i s  ident i f ied by the appropriate 
W and H designations of the wing and t a i l .  Only the wing designa- 
t i on  W i s  used t o  ident i fy the model with the horizontal and vertical-  
t a i l  assembly removed. 

Li f t ,  drag, and pitching moment were measured with each of the wings 
and with various t a i l  configurations on the model. Wing W, w ~ s  tested 
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without t a i l  surfaces and with H29 H ?y H4 and H5> while W4 was tested 
without t a i l  surfaces and with H,. Elevator hinge moments were measured 
with H2 and W g  on the model, but without the horn balance of reference 
1 on the elevator.  Two tail-intersection fair ings,  called the bul le t  
fa i r ing  and the hourglass fa i r ing ,  were tes ted  with the t a i l  i n  posit ion 
A ( f ig .  3) i n  an e f fo r t  t o  improve the flow a t  the intersection without 
displacing the horizontal t a i l .  Photographs of the two fa i r ings  are 
included i n  the rej?ort and w i l l  be introduced i n  the discussion of the 
t a t l s  . 

Pressure dis t r ibut ions were measured on W3 a t  wing s ta t ion  17.41 
and a t  the t o i l  intersections of Hgr  H4, and H5 t o  determine minimum- 
pressure loca-tions and c r i t i c a l  Mach numbers. No pressure dis t r ibut ions 
were measured with W, on the model. 

Corrections 

The corrections applied t o  the data and the accuracy of the measured 
values are those given i n  reference 1. 

Order of Presentation of Data 

Basic t a i l - o f f  force coefficients fo r  both wings (w3  nnd w,) are 
presented i n  f ig ices  5 ,  6, and 7. Tail-on drag polars, pitching-.moment 
curves, and l i f t  curves are  shown i n  f Tgures 8, 9 ,  and 10, for  each wing 
i n  combination with t a i l  H,. The l i f t  and drag data for  W g  with the 
other t a i l  configurations are not presented because they did not d i f f e r  
s igni f icxr t ly  from those obtained for  W3H4. The variations of pitching- 
moment coefficient with l i f t  coefficient for  W3H2, Fm3, W3E49 and W&ls 
a t  various elevator deflections are shown i n  figures 11, 12, 13, and 14. 

Variations with Mach number of several aerodynamic character is t ics  
are presented i n  figures 15 through 1& for  comn~aring wings W3 a.nd W,. 
Figures 19 and 20  resent the varintions of pitching-moment coefficient 
with Mach number for  a l l  the t a i l -on  configwations investigated. Figure 
21 compares the longi tudina l -co~t ro l  character is t ics  of Wa,, W&, and 
W3H5., Figure 22 presents the vzriations with Mach number of the neutral  
point and the elevator-effectiveness parameter for  several wing and t a i l  
combinations. Figure 23 shows elevator hinge--moment coef l'icient as  L 

function of lift coefficient fo r  W3H2 and W2H2 (data from reference 1) 
t o  i l l u s t r c t e  the effect  of the elevator horn balance. Figure 24 presents 
the var iat ion of c r i t i c a l  Mach number with l i f t  coefficient f ~ r  W2 and 
W,. Figure 24 a lso  shows the variat ion with Mach number of the minimum 
pressure coefficient a t  the t a i l  intersect ions of H3, &, and Rg . 
Figures 25, 26, and 27 present t u f t  pictures  t o  indicate the flow over 
the wings and t a i l s  investigated. 
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RESULTS AND DISCUSSION 

Comparison of Wings 

L i f t  and drag.- I n  figure 15, the variat ions with Mach number of 
l i f t -curve  slope and of maximum lift-to-drag r a t i o  are compared for  
WG4 and W4H4. No pronounced advantage of one wing over the other i s  
indicated, although the l i f t -curve  slope i s  s l ight ly  greater for  W4H4. 
This i s  explained by the f ac t  tha t ,  while the area of W 4  was greater 
than tha t  of Ws, the data fo r  both W3 and W4 hilve been computed 
using the area of wing W .  Figure 16 presents the variation with Mnch 
number of angle of attack for  several constant values of lift coefficient 
f a r  the two wings ( W3 W4 ) teseed with H4. This comparison shows 
tha t  there was only a smcll variation of the angle of attack for  zero 
l i f t  for  both wings over the t e s t  range of Mach numbers. 

The variations with Mach number of the drag coefficients a t  several 
l i f t  coefficients fo r  the same two wings i n  combination with H4 are 
shown i n  figure 17. There was l i t t l e  difference i n  the M3ch nunbers of 
drag divergence, but the drag of W4 WGS somewhat lower than tha t  for  

W 3  a t  the highest Mach numbers, probczbly because of the reduced thickness- 
to-chord r a t i o  and smaller trsiling-edge mglc  of W4. 

Pitching moment.- The t a i l -o f f  pitching-moment chnracter is t ics  for  

W, W ,  shown i n  figure 5 are presented i n  cross-plotted form i n  
Figure 18. The curves for  0.2 l i f t  coefficient i n  figures 18(a) and 
~ 8 : b )  show a reduction of pitching--moment coefficient with increasing 
Mach number s ta r t ing  a t  approximzitely 0.75 Mnch number, followed by an 
abrupt increase i n  pitching-moment coefficient s tar t ing a t  0.825 M3ch 
number fo r  W3 and 0.85 Mach number for  W4. I n  the Mach number range 
from 0.75 t o  0.85, the t a i l - o f f  pitching-moment coefficient of W4 ~t 
a l i f t  coefficient of 0.2 varied frool 0 t o  4.04, while the pitching- 
moment coefficient of W, varied from 0 t o  -0.02. This s m l l e r  range of 
pitching-moment-coefficient values indicates tha t  W3 i s  somewhat 
superior t o  W, i n  t h i s  respect,  

Comparison of Tai l s  

Figure 19 shows the variation with Mach number of the ta i l -on 
pitching-moment coefficient a t  several l i f t  coefficients for  W 4 K 4 .  A t  
posit ive l i f t  coefficients there was a pronounced reduction i n  pitching- 
moment coeffic5ent with increasing Macli number i n  the rmge from about 
0.75 t o  0.85 Mach number. This undesirable t r i m  change would produce 
a pitching-down tendency of suff ic ient  magnitude t o  ru le  out W 4 R 4  a s  e. 
pract ical  combination fo r  the airplane. Figure 20 conpzres the pitching- 
moment character is t ics  for  W9H2,  W$I3, W3H4, a d  WSH5. Figures 20(b) mid 
20(c) indicate tha t  excessive t r i m  changes occurred above 0.75 Nach number 
with H4 and H5. Horizontal t z i l  H3 i s  the best  of tlic thinner sections 
tested as  f a r  as  the pitching-moment character is t ics  are concerned, md  
fur ther  improvemcrit would probably be possible by suitable adjustment of 
the t a i l  incidence angle. The incidence angles of Ha and H3 differed 
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by lo, which accounts fo r  the difference i n  the values of the pitching- 
moment coefficients for  H2 and H3 a t  the lower Mach numbers. The bum3 
a t  0.80 Mach number i n  the curve for  W3H2 i n  figure 20(b) for  a model 
l i f t  coefficient of 0.2 may be at t r ibuted t o  the nonlinearity of the l i f t  
character is t ics  of H2 near i t s  zero-lift condition.  h he r e s u l t s  pre- 
sented i n  reference 1 indicated the  Mach number of l i f t  divergence fo r  
HZ was approximately 0.75. ) 

A comparison between the ta i l -of f  and the t a i l -on  pitching-moment- 
coefficient curves indicates t h a t  the various t a i l  configurations were 
operating a t  considerably different  angles of attack under the t e s t  con- 
di t ions.  This i s  borne out i n  figure 21, which presents th2 estimated 
elevator deflection required t o  maintain l eve l  f l i gh t  a t  sea l eve l  
and a t  20,000 fee t .  An outstanding choice between the various t a i l  loca- 
t ions  i s  not readi ly apparent, although H a  offers  the most favorable 
variation of elevator deflection with Mach number. 

The variations of the neutral  point and of the elevetor-effectiveness 
parameter with Mach nmber are shown i n  f igure 22. A minimum value of 
s t a t i c  longitudinal s t a b i l i t y  was measured with W3H2, the neutral  point 
being a t  the 26.5-percent point of the mean aerodyfiamic chord a t  0.73 
Mach number. The s t a t i c  longitudinal s t a b i l i t y  increased considerably 
a t  the higher Mach numbers for  a l l  wing and t a i l  conibinati~ns tested, the 
neutral  point for  W,H, assuming a rearward location of 60 percent of the 
mean aerodynamic chord a t  0.90 Mach number. I n  figures 12(h) and 1 2 ( i ) ,  
s t a t i c  longitudinal i n s t ab i l i t y  i s  indicated for  the model with W3Ha a t  
negative l i f t  coefficients for  Mach numbers above 0.825. The elevator- 
effectiveness parameter was considerably reduced a t  the higher Mach 
numbers, but W3H3 demonstrated l e s s  var iat ion with Mach number t h m  the 
other configurations. The differences i n  the elevator-effectiveness 
parameters shown i n  figure 22(b) were probably caused t o  a large extent 
by the d.ifferences i n  the downwash a t  the various horizontal-tail  loca- 
t ions. 

Figure 23 presents the var iat ion of elevator hfnge-oment coefficient 
with l i f t  coefficient for  He with and without the horn balance. The 
horn balance produced s large effect  on the variation of the elevator 
hinge-moment coefficient with model l i f t  coefficient,  par t icular ly 
noticeable a t  the highest t e s t  Mach numbers. 

Pre ssure Distribution 

Figure 24(a) presents the variation of c r i t i c a l  Mach number on the 
upper surface of the wing with l i f t  coefficient for  W2 and W3, a t  a wing 
s ta t ion  17.41 Inches l a t e r a l l y  from the fuselage center l ine .  The varie- 
t ioqs  of minimum peak pressure coefficient with Mach number for  the  H 3, 
H,, and H5 t a i l  intersections a re  shown i n  figure 24(b) . The aidchord 
c r i t i c a l  Mach number for  W3 was s l igh t ly  greater over the en t i r e  u f t -  
coefficient range than for  W2 but the lending-edge c r i t i c a l  Mach number 
was considerably less .  The r e su l t  of displacing the horizontal t a i l  rela- 
t i ve  t o  the ve r t i ca l  t a i l ,  a s  indicated by the minimum peak pressure coef- 
f ic ien ts ,  i s  shown i n  figure 24(b). Moving the horizontal t a i l  rearward 
or downward and rerzrward increased the c r i t i c a l  Mach n u b e r  a t  the inter- 
section. 
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' lhft Studies 

The photographs of t u f t s  on t he  model presented i n  f igures  25(a! 
through 25(d) compare the  flow over V9 and W4 a t  0.775 and 0.825 Mach 
rwnbers a t  angles o f  a t tack  of 20 and OO. These photographs indicate  
t h a t  t he  pi tching-do~~n terdenr ies  of the  two wings (discussed i n  cor- 
r e r t i w  with f i g .  18) were not raused by separation from the  wirg. 
Figures 25( e )  through. 25(h) ,  which present add i t ioca l  p ic tures  of t u f t s  
on the  model f o r  Mach numbers of 0.85 and 0.873 a t  2' angle of a t tack,  
show pronourced separation over both wirgs and indicate  t h a t  the  marked 
climbing tendencies of W3 and W4 shown ir  f i gu re  18 were apparentiy 
caused by the  separation. Further information on t h i s  subject  i s  pre- 
sented i n  reference 2. The extent  of the  separation a t  0.85 a ~ d  0.875 
Mach numbers indicates  t ha t  the  a i rp lane  would probably experience severe 
buffeting.  Figure 26 presents photographs of t u f t s  on the  model f o r  the  
three  hor izontal  tails (HgJ  H4, and H5 ), The p ic tu re  of H, shown i j ~  

f igure  26(b)  indicates  a small amount of separation a t  the  root  sect ion 
of the  t r a i l i n g  edge. The t u f t s  on Hg shown i n  f igure  26(c )  indicate  
an improvement i n  the  flow a t  the  in te r sec t ion  even though H, w a s  
operating a t  a l a rge r  ta i l  angle of n t tack than H3 o r  H4. The two 
f a i r i ngs  t es ted  i n  attemyts t o  improve the  flow a t  the  t a l i  in te r sec t ion  
with t a i l s  H2 and H3 did not produce any perceptible improvement i n  
the  flow charac te r i s t i cs ,  Figure 27 includes photographs of t u f t s  on 
hor izontal  ta i l  H2 with and without the  f a i r i n g s  a t  a Mach number of 
0.85. 

The conclusions drawn from the  high-speed wind-tunnel t e s t s  of the  
modified O.l'i'-scale model of the  XF2H-1 a i rp lane  were as follows: 

1. The comparisons between the  r e s u l t s  f o r  the model having the  
11- and 9-percent-thick t a i l  assemblies i ~ d i c a t e  t ha t  the  use of the  
t h i r r e r  section reduced the  var ia t ion  of t he  pitchirg+noment coe f f i c i e r t  
,with Mach number. 

2. Rearward o r  rearward an& downward displacements of the  hor izontal  
t a i l  imprnved the  flow a t  the  i r t e r s ec t i on ,  but resul ted i n  an excessive 
rharge i n  pitchirg-mnmert r oe f f i c i en t  a t  t he  h i ~ h e r  Mach numbers. 

3. The extensior of the  trailing edge oP t he  wing increased the  
Mach number a t  which t he  pitchirg-up tendercy developed from 0.825 t o  
0.85, but  increased t he  pitchirgdown terdercy between 0.75 and 0.825 
Mach numbers. 

Ames Aeronautical Laboratory, 
Rational Advisory Committee f o r  Aeronautics, 

Moffett Fie ld ,  Ca l i f ,  
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Figure 1. - Wing p h n  forms tested on the 0.17-nscale model of the McDonnell 

XF2H-1 airptane , 
Figure 2.- Geometril: charactea$s$ics of ~ l n g s  W, and W,. 

Figurea 3.- Sidp view of the ve r t i ca l  taiil, with the locations o f  Ha, Ha, 
$ # and H,* 

pigurp 4,- The 0.17-scale McDonnell XF2H-1 model mounted on t 4 ~  sting- 
s u ~ p o r t  system i n  the Ames 16-foot high-sp6ed wind tunnel. ( a )  Model. 
with Wg,. (b)  Model with V,H,. 

Figurp 5.- Drag eolars  a t  various Mach n~plbers fo r  the model yithout 
t a t 1  surfaces. (a)  W3. (b)  W4. 

Figure 6.- Variation of pitching-moment ~ o e f f  ic ien t  with l i f t  ~ o e f f  ic len t  
a t  various Mach numbers fo r  the model' vithout t a i l  surface?, ( a )  Ys. 
(b)  W4* 

??igure 7.- L i f t  curves a t  various Mach numbers f o r  the model ~ $ t h o u t  
taZl  surfaces. ( a )  Ws. (b)  W,. 

Figure 8.- Drag Polars for the complete model a t  various Mach numbers. 
( a )  W S B , *  (b)  W4H4* 

Figura 9.- Variation af pitching-moment coefficient with l i f t  coefficient 
foy the complete model a t  various Mach numbers. (a) W,H,. (b )  W41f,. 

Figure 10.- L i f t  curves fo r  the complete mode$ a t  various Mach numbers. 
(8)  W3H4. (b) W4H5- 

Figure 11.- Variation of pitching-moment coefficient with l i f t  coefficient 
fop W3H2 a t  various Mach numbers. it, lo. 

Figure 12.- Variation of pitching-momen* coefficient with l i f 8  coeffioient 
W,HS at various el.evator defleo&ions and Mach numberq, it, 0'. fz5 M, 0.40. (b) M 0.60. 

Figure 12.- Coptinued. (c )  M, On70. (d)  M,0.75. 

Figure 12.- C@x&fnued. ( e )  M, 0.775. ($1 M, 0,@. 

Figure 12 .- Continued. ( g) M, 0.825. ( h )  M, 0.85. 

Figurq 12.- Concluded. (i) M, 0.879. ( j) M, '0.90. 
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Figure 13 .- Variation of pitching-moment coefficient with l i f t  coeff i- 
cient fo r  W3H4 a t  various elevator deflections and Mach numbers. 
it, 0'. (a)  M, 0.40. (b) M, 0.60. 

Figure 13.- Continued. ( c )  M, 0.70. (d) M, 0.75. 

Figure 13.- Continued. (e)  M, 0.775. ( f )  M, 0.80. 

Figure 13.- Continued. (g) M, 0.825. (h )  M, 0.85. 

Figure 13.- Concluded. (i) M, 0.875. ( j) M, 0.90. 

Figure 14.- Variation of pitching-3noment coefficient with l i f t  coeffi- 
cient fo r  W3H, a t  various elevator deflections and Mach numbers 
it, oO. ( a )  M, 0.40. (b) M, 0.60. 

Figure 14.- Continued. ( c )  M, 0.70. (d) M, 0.75. 

Figure 14.- Continued. ( e )  M, 0.775. ( f )  M, 0.80. 

Figure 14.- Continued. (g) M, 0.825. (h)  M, 0.850. 

Figure 14.- Concluded. (i) M, 0.875. ( j) M, 0.90. 

Figure 15.- Variation with Mach number of l if t-cuyve slope and maximum 
lift-to-drag r a t i o  f o r  W3H4 and W4H4. 6,, oO. 

Figure 16.- Variation with Mach number of angle bf a%tack a t  several 
l i f t  coefficients fo r  W3H4 and W4H4. (a )  W3H4. (b)  W4H4* 

Figure 17.-Variation with Mach number of drag coefficient a t  several 
l i f t  coefficients fo r  W3H4 and IJ,H,, 

Figure 18.- Variation with Mach number of pitch'in'gdlornent coefficient 
a t  several l i f t  coefficients fo r  the model without t a i l  surfaces. 
( a )  w3* (b) W4* 

Figure '19 .- Variation with Mach number of $itcbinb&oment coefficient 
a t  several l i f t  coefficients for  W,H4. it, om; 6,, 0'. (a) CL, 0. 
(b)  CL, 0.2. ( c )  CL, 0.4. 

Figure 20.- Variation with Mach number of pitching-moment coefficient 
a t  several l i f t  coeffic'ients fo r  W3 in  combination w i f H  Hz, H3, 
H4, and Hs. it, 0' for  H3, Rqt H5; it, lo for  H2; Qe, 0'. 
( a )  CL, 0. (b)  CL, 0.2. ( c )  cL, 0.04. 

Figure 21.- Estimated elevator deflection requiied y i t h  a wing loading 
of 30 pounds per square foot for  leve l  f l i g h t  a t  sea leve l  and a t  
20,000 fee t  for  W3H3, W3H4, and W&. it, 0'. ( a )  Sea leve l ,  
(b)  20,000 fee t .  

CONE~I~ENTIAL 
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Figure 22.- Vsriations of the s-bick-fixed neutral  point and of the 
elevntor-effectivencss parameter with Mach nmber fo r  various 
wing a.nd t a i l  combf nations. CL, 0.2. ( a )  Neutral point, percent 
M.A.C. (b) Elevator-effectiveness parameter. 

Figure 23.- Variation of elevator hinge-aomnt coefficient wlth lift 
coefficient a t  various Mach numbers f o r  W2H2 with horn balance 
(data  from reference 1) and f o r  W3H2 without horn balance. 
it, lo; ee, 0'. 

Figure 24.- Experi&nt,zlPj determined c r i t i c a l  Mach nunber f o r  the 
wing and t a i l s ,  (a) Cr i t i ca l  Mach nmber on upper surface of wing 
a t  s l a t e r a l  disLance of 17.41 inches from fuselage center l i ne ,  
(b) Minimum peak pressure coefficient at  t a i l  intersection, Model 
l i f t  coefficient,  0.2. 

Figure 25.- Photograph of t u f t s  on wings W, and. W4. (a) W3. M,O .775; 
%, 20; CL, 0.36. (b)  Wn. M, 0.825; %, 0'; CL, 0.10. ( c )  W*. 
M, 0.175; %, 2O; CL, 0.30. (d) w.:. M, 0.825; w, oO; CL, 0.08. 

Figure 25.- Concluded. (e )  W . M, 0.85; %, 2'; CL9 0.22. ( f )  W3. 
M, 0.875; aU9 2'; CL, 0.12. (g)  W,. M, 0.85; %, 2'; CL, 0.29. 
(h)  W4. M, 0.875; %, 2O; CL, 0.23. 

Figure 26.- Photographs of t u f t s  on horizontal tciils HS, H4, and H 
tes ted  with wigg W3. (8) H3. MI 0.85; $, 2'; CL, 0.17. (b)  H4. 
M, 0.85; TI, 2 ; CI;, 0.24. ( c )  H5. M, 0.  5; %, 2O; CL, 0.25. 

Figure 27.- Photographs of t u f t s  on horizontal t a i l  E12 -tested with 
wings W2 slid W3. (a )  W;?H2. M, 0.85; %, 2'; CL, 0.12 (from 
reference 1 ) .  (b) W3H2 with bul le t  fs i r ing.  M, 0.85; %, 2O; 
CL, 0.22. ( c )  WSH2 with hourglass fair ing.  M, 0.85; %, 2O; CL, 0.22, 
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Wing station, in. 

Figure 2.-Geometric chorocterisfics of  wings W3 and Wg. 
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Figure 3.- Side view of the verticol toil  with the /ocations 
of H', H j ,  Hq,  and H' 
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(a)  Model with W,, R3. 

(b) Model with W3H5, 
. -- 

Figure 4.- The 0.17-scale McDonnell XF2H-1 model mounted on tlie sting- 
su-pport system i n  the  Ames 16--foot high-speed wind tunnel. 
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Pitching -moment coefficient, Cm 

(a,' W' H4. (b,' Wq Hq. 

Figure 9. - Voriotion of pitching - moment coe f ficien f with l i f t  coefficient for the 
complete model ot various Mach numbers. C O N F I D I N I  I R :  

,,,. , ., \- , a n y  , g ~ w ~ t r t i  F C R  A t R U N l u T 1 *  ' 





Pitching - moment coe f f ic isnt ,  Cm 

f i g u r e  /I.- Yoriotion of pitching - moment coef ficienl with 
lift coefficient for W3 HZ at various Moch numbers. it, /I 

C O N F  l D E N T l A L  
NATIONAL ADVISORY COMMITTEF FOR AERONAUTK , 





Figure /2.- Continued. 
C O W F I D E H T I A L  
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Pitching-moment coefficient, C, 
/ g )  M,  0.825. ( h )  M, .0 .85 .  

Figure 12.- ~ o h t i n u e d  







f igure 13.- Contmued. C O H F l O E W T l A L  
NATIONAL ADVlSOffY COMMlIlEF FOR AERONAUlk 



f e )  M ,  0.775. f M 0.80. 
Figure 1.3.- Continued 
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Pitching- momen t coefficient, Cm 

Figure 13.- Continued. 





Pitching-moment coe f ficien t, Cm 

(a) M,  0 .4  0. (b) M,  0.60. 

figure 14.- variation of pitching - moment coef f ic ient  with l i f t  coefficient for  W3 H5 a t  W ~ ~ ~ I O U S  

elevofor deflections and Mach numbers. i f ,  of C O W F I D E N I  I A :  
N A f l v h A l  ' " V  \OWY , O M M l ' l t f  FOR AtPON?UI1<  '1 



fc) M ,  0. 70. fd) M, 0.  75. 
f i g u r e  /4.- Cont inued 
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Figure /4.- Continued. 
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Pitching - moment coefficient, Cm 

(il M, 0.875. / / I  M, 0.90. 

Figure /4.- Conchded. 



Figure IS.-- Variation with Moch number of  l iN-  

curve $/ope ond moximum / i f  t-to-dmg rdtio 
for W3H4 and W4 Hg. Ba, Oo. 
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. S .6 .7 ,8 
M ~ c h  number, M 

f igure  V~rP'ot1'0n with Mach number s f  
sng/s  sf at task at ss vero/ lift eos%Pir%i@nb@ 
/W w,n, ~ n d  w ~ H ~ .  
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Figure /7.- Variation wi th  Moch number 
of drog coefficient ot several l i f t  

coefficients for b H q  ond W4 Hq. 



Mach number, M 

(6) wq. 

Fipure 18.-Voricrtion with Moch number of 
pitching - moment coefficient ot  se verol 
l i f t  coefficients for tho model without 
foil surfaces, 
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Mach number, A4 
/e) @L p 0.4. 

Figurs 19.- Veriation with Much number of 
pitching - moment coefficient ot sev@ro/ 
/ i f f  coefficients for W4Hq. rj,Oai 4 , O f  
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Mach number, M 

(b9 20,000 feet. 

Figure 21,-Estimated ele votor deflection required 
w;th o wing loading o f  50 pounds per square 
foot fo r  /eve/  f l ight  of seo /eve /  and of 
20,000 feet for W3H3, W3H4, and W3Wg it, 
0 *. 
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l o )  Neutrel point, percent  M. A.C,  

Figure 22. - Variations; o f  ths stick - Pixsd neutro/  point 
and of  the elevator - e f f e c t  /veness parameter with Mach 
number for vorious wing and tail combinations. C L ,  0.2. 
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.4 .5 .6 .7 .8 .9 

Critic01 Moch number, Mcr 
(a) Critico/ Mach number on upper surfoce 

of wing of o /atera/ distance of /W/ inches 
from fuselage center l ine. 

Moch number, M 

( B )  Minlmum peak pressure coefficient 

ot tui/ intersection. Model / i f f  
coo fficient, 0.2. 

figure 24.- €xperimento/ly determined 
criticcal Moch number for the wing and 
toils.  
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(a) W3. M90.775; aU,p0; CL,0.36. (b) W3. ~~0.825; %900; CL90.10. 

Figure 25 ,- Photograph of t u f t s  on wings W and W4, 

N A T W  ADVISOftY COlVLMmEE FOR AERONAUTICS 
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(a) H3. ~~0.85; aur2'; C~,0,17, 

(b) H4. ~~0.85; au,20; ~ ~ ~ 0 . 2 4 ,  

(c) H,. M,0.85; a,,2O; CL,0.25. 

Figure 26.- Photographs of tufts on horizontal tails H,, H,, and H, 
tested with wing W3* 

NATION AUTlCS 
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( a )  W2H2. ~,0,85; au,20; C~~0.12 (from reference 1). 

. .--. 
( b )  W3H2 with b u l l e t  f a i r i ng .  ~~0.85; aU,2'; C~ ,0 .22 ,  

j c )  W3H2 with hourglass f a i r i ng .  M90.85; a,,2'; CL,0,22. 

Figure 27,-  Photographs of t u f t s  on hor izontal  t a i l  H2 t e s t e d  with 
wings W2 and W3. 
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