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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

EFFECTS OF CANOPY, REVISED VERTICAL TAIL, AND A YAW-DAMPER 

VANE ON THE AERODYNAMIC CHARACTERISTICS OF A 1/16-SCALE 

'MODEL OF THE DOUGLAS D-558-I1 RESEARCH AIRPLANE 

AT A MACH NUMBER OF 2.01 

By Ross B. Robinson 

SUMMARY 

The aerodynamic characteristics in pitch and sideslip of a revised 
1/16-scale model of the Douglas D-558-I1 research airplane, with and 
without a yaw-damper vane, are presented for a Mach number of 2.01. The 
revised model incorporated a canopy and a modified vertical tail in order 
to simulate more closely the present airplane configuration. The model 
wa s tested through an angle-of - attack range of _20 to about 130 a t an 
angle of sideslip of 00 and an angle-of - sideslip r ange of _20 to about 
100 a t an angle of attack of 00 . The results are compared with those 
previously obtained for the original model configuration. 

The revised configuration had higher directional stability, trim 
lift coefficients, and drag and more positive effective dihedral than the 
original configuration. The static longitudinal stability, the lift-curve 
slope, and the effectiveness of the horizonta l stabilizer were not signif ­
icantly altered by the changes in- configuration. 

The vane effectiveness parameter CnOV increa sed r apidly with 

increasing lift coefficient and but only slightly with angle of sideslip . 

INTRODUCTION 

Various investigations have been conducted that are concerned with 
the aerodynamic characteristics of the Douglas D-558-I1 research airplane 
which is currently undergoing flight tests by the NACA High-Speed Flight 
Research Station a t Edwards Air Force Base, Ca lif. A 1/16-scale model 
of the original configuration has been investigated at high subsonic and 
low supersonic speeds in the Langley 8-foot high-speed tunnel (ref. 1) 
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and at Mach numbers of 1. 61 and 2.01 in the Langley 4 - by 4 -foot super­
sonic pressure tunnel (refs. 2 and 3) . Recently the origina l model has 
been modified to simulate more closely t he present airplane configuration 
by the addition of a canopy and by increas ing the size of the ver tica l 
tail . A small vane simula ting that to be used in conjunction with a yaw 
damping system proposed by the Stabilit y Analysis Section of the Langley 
Aeronautical Laboratory (ref. 4) wa s also inc or por ated into the model. 

The present paper presents the aerodynamic characteristics of the 
revised model in pitch and Sideslip, with and without a yaw-damper vane, 
at a Mach number of 2 . 01 and a Reynolds number of 1. 46 X 106 ba sed on 
t he wing mean aerodynamic chord . The model was tested through an angle­
of -attack range of about _20 to about 130 at an angle of sideslip of 00 

and an angle-of - sideslip r ange of _20 to about 100 a t an angle of attack 
of 00 . These results are compared with those obtained for the origina l 
model configura t i on . 

COEFFI CI ENTS AND SYMBOLS 

The re sults of the invest i ga t i on a r e presented a s standard NACA 
coeff i c ients of forces and moments. The data are referred to the stabil­
ity axis system (fig. 1) with the reference center of gravit y at 25 per­
cent of the wing mean aerodynamic chord. The coefficients and symbols 
are defined a s follows: 

lift coefficient, -z jqS 

Cx longitudinal-force coefficient, X/qS 

pitching-moment coeffiCient , M'/qSC 

l atera l - force coeffiCient, Y/qS 

rolling-moment coefficient, L/qSb 

yawing-moment coeffiCient, N/qSb 

x force a long X- axis 

Y force a l ong Y-axi s 

z force a long Z- axis 

L moment about X- axi s 

M' moment about Y-axis 
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N 

q 

b 

s 

M 

a. 

it 

°v 
L/D 

CLa, 

Cn 
f3 

C7,r3 

moment about Z- axis 

free-stream dynamic pressure 

wing span 

total wing area including body intercept 

wing mean aerodynamic chord, 5.46 in. 

Mach number 

angle of attack of body center line, deg 

angle of sideslip of body center line, deg 

stabilizer incidence angle with respect to body center line, 
deg 

rudder deflection with respec t to body center line, deg 

yaw-damper vane angle with respect to body center line, deg 

lift-drag rat io , CL/ - CX for ~ = 00 

lift-curve slope, dCL/do. 

static-longitudinal- stability derivative, dCm/dCL 

incrementa l change in pitching-moment coefficient with 
stabilizer incidence 

dC y/df3 

static-directional- stability derivative, dCn/d~ 

effective-dihedral parameter, dC7,/df3 

Cn dCn/d5v 5V 

CY5V dCy/d5V 

C7,5v dC7,/d5V 

(~Cy)t increment of l ateral -force coefficient due to addition of 
vertica l tail 
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increment of yawing-moment coefficient due to addition of 
vertical tail 

increment of rolling-moment coefficient due to addition of 
vertical tail 

MODEL AND APPARATUS 

A three-view drawing of the model is presented in figure 2. Details 
of the yaw-damper vane are shown in figure 3. The vane 1s offset from 
the center line of the body so that clearance may be provided for nose­
wheel retraction on the airplane . The modifications to the original 
model are : (1) addition of a canopy and (2) alteration of the vertical 
tail to a plan form similar to that now used on the airplane (see fig. 2). 
The afterportion of the fuselage was slightly enlarged on both models to 
accommodate the balance. Geometric characteristics of the model are 
presented in table I. Coordinates for the body are given in table II 
and for the canopy in table III. 

The model was equipped with a wing having 350 of sweep of the 
0·30-chord line of the unswept panel, aspect ratio 3 .57, taper ratio 0.565, 
and NACA 63-010 airfoil sections normal to the 0.30-chord line. The wing 
had 30 of incidence with respect to the fuselage center line and 30 of 
negative geometric dihedral. The model wing section differs from that of 
the airplane in that the wing tip section of the airplane is an NACA 
631-012 airfoil section. 

Deflections of the stabilizer and yaw-damper vane were set manually. 
The rudder deflection was 00 for the present investigation. The canopy, 
vane, wing, vertical tail, and stabilizer were removable to facilitate 
the investigat ion of various combinations of component parts. 

Force and moment measurements were made through the use of a six­
component internal strain-gage balance. Base pressure was measured by 
a single tube in the plane of the model base. 

TEST CONDITIONS 

The conditions for the tests were: 

Mach number . . . . 

Reynolds number, based on c ...... . 
Stagnation dewpoint, OF . . . . . . 
Stagnation pressure, lb/sq in. abs .... 
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Stagnation temperature, of ....•... 
Mach number variation • . . . . . . . . . . 
Flow angle in horizontal or vertical plane, deg 

CORRECTIONS AND ACCURACY 

5 

100 
-to.015 

to.l 

The angles of attack and sideslip were corrected for the deflection 
of the balance and sting under load. No corrections were applied to the 
data to account for the tunnel flow variations. The base pressure was 
measured and the longitudinal force data were corrected to a base pres­
sure equal to the free-stream static pressure. 

The estimated errors in the data are: 

CL 
eX 
Cy 
Cm . 
Cn 
C7, 
0." deg • 
it, deg 
0, deg • 

PRESENTATION OF RESULTS 

±o.o04 
to.002 
to.002 

±0.0007 
. to.OO05 
. ±O.0003 

-to.l 
-to.l 
±O.l 

The results of this investigation are presented in t wo sections: 
(1) the effects of the canopy and revised vertical tail on the aerodynamic 
characteristics of the model and (2) the characteristics of the yaw­
damper vane in pitch and s ideslip and the effects of the vane on the 
characteristics of the revised model. A table of the figures presenting 
the results is given below: 

Effects of canopy and revised vertical tail on the 
aerodynamic characteristics in pitch, ~ = 00 •. 

Effects of canopy and revised vertical tail on the 
aerodynamic characteristics in Sideslip, 0., = 00 

Effects of canopy and revised vertical tail on incremental 
lateral characteristics produced by vertical tail, 0., = 00 
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Variation of Cn~ with Mach number . . . .. .......... 7 
Effects of yaw-damper vane on the aerodynamic 

characteristics in pitch) ~ = 00 and it = 00 • • . . . 8 
Eff ects of yaw-damper-vane deflection on the aerodynamic 

char acteristic s in sideslip) ~ = 00 and it = 00 9 
Variation of lateral characteristics with yaw-damper -vane 

deflection for various values of CL 10 
Summary of yaw- damper-vane characteristics 11 

The model with the canopy and the r evised vertical tail used in this 
investigation is designated the revised model; the model without the 
canopy and with the original vertical tail is referred to a s t he original 
model (refs . 2 and 3) . 

A summary of static longitudinal and lateral stability character­
istics for the various configurations without the yaw-damper vane are 
presented in table IV. Experimental and estimated yaw-damper-vane 
characteristics are given in table V. 

DISCUSSION 

Effects of Canopy and Revised Vertical Tail 

Aerodynamic characteristics in pitch.- Addition of the canopy and 
revised vertica l tail resulted in about 10 percent greater values of 
longitudinal force for the revised model in the low lift range but did 
not significantly alter the lift-curve slope CL or the static longi-

~ 

tudinal stability (fig. 4 and table IV). Most of the increased l ongi ­
tudinal force and the positive increase in lift at constant angle of 
a ttack is produced by the canopy (figs . 4 and 5(b)) . The lift on the 
canopy and the greater drag of the larger vertical tail produce more 
pos itive va l ues of Cm at constant lift coefficients for the revised 
model) with a resulting increase in trim lift coefficient for both values 
of it. For constant angles of attack the stabilizer effectiveness 
6Cm was about the same for both models (table IV). 
rot 

Aerodynamic characteristics in sideslip.- The canopy had a destabi­
lizing effect on the direc t ional- stability derivative as expected 'and 
increased the effective dihedral (fig . 5) . The effect of the revised 
vertical tail was to increase both the directional-stability derivative 
and the positive effective dihedral of the complete model (fig. 5 and 
table IV). The increases in incremental lateral characteristics produced 
by the larger vertica l tail in conjunct i on with the canopy (see fig. 6) 

CONFIDENTIAL 



NACA RM L54F25 CONFIDENTIAL 

are approximately proportional to the increased tail area . The value 
of Cn~ was nearer to that estimated for the complete airplane in 

reference 5 (fig. 7) . 

Little change in the variation of the longitudinal characteristics 
with sideslip angle wa s obtained for any of the configurations tested 
(fig . 5(b)) . 

7 

It should be pointed out that the value of it was 00 for the 
revised model and 20 for the original model, but this small difference 
should have little effect on the variation of the aerodynamic char acter ­
istics with sideslip . 

Effects of Yaw- Damper Vane 

Aerodynamic char acterlstics in pitch.- The yaw-damper vane produced 
a significant positive increment in Cm which increas ed with positive 
deflection of the vane (fig . 8), probably a s a result of more positive 
pressures under the nose and wake effects on the lifting surfaces . As 
a result, t rim lift coefficients a lso increased with vane deflection. 
The effectiveness of the vane in producing Cn increased greatly with 
increasing CL (figs. 8 and 10), wherea s the va lues of Cl and Cy 
for a given deflection varied little with lift coefficient . 

Aerodynamic characterist ics in sideslip.- The vane decreased the 
directional stability Cn~ from a value of 0 . 0024 to 0 . 0020 and slightly 

increased the positive effective dihedral of the model (fig. 9 and 
t able V) . The experimenta l incremental change in the slope of the 
lateral-force coefficient-curves 6Cy~ due to the vane agreed well with 

the value estimated by the method of reference 6 (table V) . Values of 
6Cl~ and 6Cn~ estimated in a similar manner are somewhat low. For 

the range of sideslip angles investigated, the changes in the values of 
CL Cx, and Cm at a constant vane deflection were slight . Experimenta l , 
values of CY5V' Cl5v' and Cno

v 
obtained from figure 10 were close to 

those estimated by the method of reference 7 considering the vane to be 
an isolated lifting surface (table V). The vane effectiveness parameter 
Cn increased r apidly with increasing lift coefficlent and slightly 

5V 
with angle of sideslip (fig . 11) . The dashed portion of the ~trim 
curve was estimated by using a value of Cn5V for ~ = 00 to extrapo-

l ate to a vane deflection of 15° . Since the vane is not symmetrically 
mounted on the fuselage, a vane deflection of _4 0 or a rudder deflection 
of about -1 . 5° (ref. 3) would be required to mainta in zero sideslip . 
The rudder was about three times as effective as the vane in pr oducing 
t rim sideslip angles . 
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CONCLUSIONS 

A wind- tunnel investigat ion has been made with the revised 1/16 - sca l e 
model of the Dougla s D- 558- II research a irplane incorporat ing a canopy and 
a modified vertica l tail to simulate more closely t he present a irplane and 
a fus ~lage -mounted yaw- damper vane . The results of t his investigati on a t 
a Mach number of 2 . 01 indicated the fo l l owing conclusions : 

1 . The revi sed configuration compared to the origina l configurati on 
indicated higher dir ectional stabili t y , positive effective dihedral, t rim 
lift coeffiCients , and dr a g . The static l ongitudina l stability, the lift­
curve slope , and the effectiveness of the hori zontal stabili zer were not 
significant ly a l tered . 

2 . The vane effectiveness parameter Cfi5V increased r apidly with 

increasing l ift coefficient and slightly with angle of s i deslip. 

3 . The unsymmetrica l loc ation of the vane on the fus el a ge r equired 
slight rudder or vane deflections to maintain zero s ideslip . 

4 . Moder ate increases in positive pitching-moment coefficient and 
higher val ues of t rim lift coefficient r esul ted from defl ection of the 
vane . 

Langley Aeronautica l Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Fi el d , Va . , June 16 , 1954 . 

CONFI DENTIAL 



NACA RM L54F25 CONFIDENTIAL 9 

REFERENCES 

1. Osborne, Robert S.: High-Speed Wind-Tunnel Investigation of the 
Longi tudinal Stability and Control Characteristics of a ~ - Scale 

Model of the D-558-2 Research Airplane at High Subsonic Mach Numbers 
and at a Mach Number of 1. 2 . NACA RM L9C04, 1949. 

2. Spearman, M. Leroy: Static Longitudinal Stability and Control Charac­
teristics of a 1/16-Scale Model of the Douglas D-558-II Research 
Airplane at Mach Numbers of 1.61 and 2.01. NAeA RM L53122, 1 953 . 

3. Grant, Frederick C., and Robinson, Ross B.: Static Lateral Stability 
Characteristics of a 1/16 -Scale Model of the Douglas D-558-II 
Research Airplane at Mach Numbers of 1. 61 and 2 . 01 . NACA RM L53I29a, 
1953. 

4. Gates, Ordway B., Jr., Schy, Albert A., and Woodling, C. H.: An 
Analysis of the Lateral Stability of the Douglas D558-II Airplane 
Equipped With a Yaw Damper, With Special Reference to the Effect of 
Yaw-Damper Rate-Gyro Spin-Axis Orientat i on . NACA RM L52K14a, 1953. 

5. Queijo, M. J., and Goodman, Alex: Calculations of the Dynamic Later a l 
Stability Characteristics of the Douglas D-558-II Airplane in High­
Speed Flight for Various Wing Loadings and Altitudes . NACA 
RM L50H16a, 1950. 

6 . Nielsen, Jack N., and Kaattari, George E.: Method for Estimating Lift 
Interference of Wing-Body Combinations at Supersonic Speeds . NACA 
RM A51J04, 1951. 

7. Piland, Robert 0 .: Summary of the Theoretical Lift, Damping-In-Roll, 
and Center - of -Pressure Characteristics of Various Wing Plan Forms 
at Super sonic Speeds . NACA TN 1977, 1949. 

CONFIDENTIAL 



10 CONFIDENTIAL NACA RM 154F25 

TABLE I 

DIMENSIONS OF THE 1/16- SCALE MODEL OF THE DOUGLAS D-558-II RESEARCH AIRPLANE 

Wing : 
Root a irfoil secti on (normal to 0 .30 chord of 

unswept panel ) . .... ... . 
Tip a irfoil section (normal to 0 .30 chord of 

unswept panel) . . . . . . . . . . . . 
Total area (including fuselage intercept), s q ft 
Span , in . . . . . . . . . ..... . 
Mean aer odynamic chord, in .... . . . . . . . 
Root chord (parallel to plane of symmetry ) , in. 
Tip chord (parallel to plane of symmetry ) , in . 
Taper ratio . . . . . . . . . . . . . . . . . . 
Aspect r ati o . . . . . . . . . . . . . . 
Sweep of 0 .30- chord line of unswept panel, deg 
Incidenc e at fuselage center line , deg 
Dihedral, deg . . . . 
Geometr i c t wist , deg . . . . . . . . . 

Horizontal tail : 
Root airfoil section (normal to 0 .30 cpord of 

unswept panel) ....... . 
Tip airfoil secti on (normal to 0 .30 chord of 

unswept panel ) ........ . ... . 
Area (including fuselage inter cept) , sq ft 
Span, in . . . . . . • . . ... .. . 
Mean aerodynamic chord, in. . . . . . . . . 
Root chord (parallel to plane of symmetry), in . 
Tip chord (parallel to plane of symmetry ), in . 
Taper r ati o . . . . . . . . . . . . . . . . . . 
Aspect ratio . . . . . . . . . . . . . . 
Sweep of 0 . 30- chor d line of unswept panel, deg 
Dihedral, deg • . 
El evator area , s q ft 

Vertica l tail : 
Airfoil secti on (parallel to fuselage center line) 
Area (leading edge and t r a iling edge extended to 

fuselage center line), s q ft .... . .. .. . 
Span (from fuselage center line) , in . . . .. .. . 
Root chor d (parallel to fuselage center line) , in . 
Tip chord (parallel to fuselage center line), in . 
Sweep of 0 .30-chord line of unswept panel , deg 
Rudder area, sq ft . . . . . . . . . . . . . . . 

Fusel age : 
Length, in . .. . . . 
Maximum diameter, in . 
Base diameter, in . 
Fineness r ati o 

Yaw-damper vane : 
Airfoil section 
Span , in .. 
Taper r ati o . . 
Root chord, in . 
Tip chor d, in . 
Aspect r ati o 
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NACA 63 - 010 
0 . 684-
18.72 

5 . 46 
6 .78 
3 . 83 

0 . 565 
3 . 57 

35 
3 

-3 
o 

NACA 63 - 010 

NACA 63 -010 
0 .156 
8. 98 
2 . 61 
3 . 35 
1. 68 
0 . 50 
3 . 59 

40 
o 

0 . 059 

NACA 63 -010 

0 . 215 
5 . 25 
9 .14 
1. 67 

49 
0 . 030 

31.50 
3 · 75 
1. 56 
8 . 40 

Double wedge 
1 

0 · 5 
2 
1 

0 . 67 
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TABLE II 

COORDINATES OF THE BODY 

[x is di s t ance al ong model center line 
from the nose of the mode l ; r i s t he 
r adius ; a ll d imen s i ons in i nches] 

x r 

0 0 
1 . 000 . . 382 
2 . 000 · 719 
3 . 000 1 . 010 
4 . 000 1 . 256 

5 · 000 1. 457 
6 . 000 1 . 614 
7 · 000 1. 729 
8 . 000 1 .806 
9 · 000 1 . 851 

10 . 000 1 . 871 
11. 000 1 . 875 
16 .250 1 . 875 
17 · 000 1 . 872 
18 . 000 1 . 858 

19 .000 1. 833 
20 . 000 1. 794-
21 . 000 1. 743 
22 . 000 1. 679 
23 .000 1 . 602 
24 . 000 1. 513 
24 . 297 1 . 485 
31 · 500 · 780 
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TABLE III 

CANOPY ORDINATES 

Fuselage station 
o 

t
x 

Canopy' station 

b..--x 
------

Gll di mens i ons in inChes] 

Canopy Canopy 

stati on, x station, Xc Lower surface, Zl Upper surface , Z2 

3 . 38 0 1 .109 1 . 109 
3 . 44 . 06 1 . 125 1.146 
3 · 75 . 37 1 . 199 1. 371 
4 . 06 . 68 1. 271 1. 601 
4 . 38 1. 00 1. 339 1 . 810 
4 . 69 1.31 1. 400 1. 919 

a5 .31 1. 93 1. 516 2 . 020 
a6 . 25 2 . 87 1. 651 2. 070 

7 · 50 4 . 12 1. 780 2 . 060 
8 .44 5 . 06 1 . 835 2 . 020 
9 . 36 5 · 98 1 . 870 1 . 965 
9 · 70 6 . 32 1. 871 1. 940 

10 . 00 6 . 62 1. 879 1 · 910 
10 .31 6 . 93 1 .880 1. 880 
10 . 61 7 · 23 1 . 882 1. 882 

aCros s secti ons nor mal to pl ane of symmetry: 

At Xc = 1. 93 At Xc 2 .87 

Y Z2 Y Z2 

0 2 . 020 0 2 . 070 
±. 25 1. 969 t. 25 2 . 030 
±· 50 1. 582 t. 50 1 · 915 

t· 75 1. 591 
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TABLE IV 

SUMMARY OF THE AERODYNAMIC CHARACTERISTICS FOR 

ORIGINAL AND REVISED MODELS 

(a ) Complete model 

.6.Cm 
CLtrim Clttrim L/Dtrim 

CLa. CmcL CXmin .6.it Mode l 
(it = _60) (it = - 6°7 (it = _6° ) 

(a. = 6 . 5°) 

Original 
0 . 047 - 0 .365 0 .061 -0 .018 0 .425 8 . 8 2·95 model 

Revised 
. 047 -.356 . 067 -. 018 .445 9. 4 model 2.97 

Estimates for revised model from reference 5 

(b) Tail off 

Model CLa, CmcL CXmin CYi3 

Original 
ao .0405 aO aO .053 b-0 . 0047 model 

Revised 
. 0425 .056 modelC 0 -.0053 

- -- ------
--------------~ 

~Horizontal tail off, no canopy 

bHorizontal and vertical tails off, no canopy 
cHorizontal and vertical tails off, with canopy 

C2i3 

bO 

0 

CY~ C2 

(a = 0°) 
i3 

(a. = 00) 

- 0.0125 -0 .0014 

-. 014 -. 0019 

-. 013 -. 0008 

Cni3 

b_0 . 0036 

- . 0039 
I 

--

Cni3 
(a. ::: 00 ) 

0 .0020 I 

, 

.0024 

. 0036 

~ 
;p 

:0 
:s: 
t"-l 
':? 
>Tj 
I\) 
\..J! 

o 
o 
2ij 
H 
t:J 
trJ 
~ 
t-3 
H 

~ 

I-' 
V-I 

_/ 
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TABLE V 

COMPARISON OF EXPERIMENTAL AND ESTI MATED 

VANE CHARAC TERISTICS 

6Cy~ 6C l ~ 6Cn~ CY5V Cl 5V Cn5V 
(a ) (a ) (a ) 

Expe r imenta l - 0 . 0020 - 0 . 0002 - 0 . 0004 - 0 . 0008 0 0 . 00022 

Es t imat ed -. 0015 . 00015 -. 0007 -. 0006 . 00007 . 00026 

a Incremen t a l s l op es 6CY~ J 6Cl ~ J a nd 6Cn~ a r e c ha n ges in 

cha r acte r i stics of c omplete c onfigura t i on r esult ing f r om a ddi t i on of 
the vane . 
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Relative wind 

z 

Figure 1 .- System of stability axes . Arrows indicate positive values . 
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Figure 2 . - Details of model. All dimensions are in inches . 
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Area ratios: (Revised to original) 

Rudder = 0 .806 
Vertical tail = I . 136 
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---Original 

- __ ---.:::~ Contour of model body 
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(b) Vertical-tail configurations of revised and original models . 
Vertical-tail area ratio based on exposed area. 

Figure 2.- Concluded . 
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