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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM X-566 

SUBSONIC AERODYNAMIC CHARACTERISTICS OF DISK RE- ENTRY 

CONFIGURATIONS WITH ELLIPTIC CROSS SECTIONS AND 

THICKNESS- DIAMETER RATIOS OF 0 . 225 AND 0.325* 

By Fred A . Demele and Jack J . Brownson 

SUMMARY 

An investigation has been made to determine the longitudinal and 
lateral- directional aerodynamic characteristics of two disk- shaped 
re- entry configurations employing trailing- edge control surfaces, verti­
cal stabilizing surfaces, and canopies . The models had elliptic profiles 
with maximum thickness- diameter ratios of 0 . 225 and 0 .325 . The tests 
were conducted to maximum angles of attack of 280 and angles of sideslip 
of 190 over a range of Mach numbers from 0 . 25 to 0 .90 at a Reynolds 
number of 3 .3XI06 and at Reynolds numbers to 16xlif at a Mach number of 
0 .25 · 

I t was found that with the moment cent er located at 40 percent of 
the diameter, both model configurations were longitudinally stable at 
low speeds . At Mach numbers from 0 .80 to 0 .90) the models exhibited 
varying degrees of instabilit y up to the r egion near maximum lift, 
wherein a stable trend in the pit ching moments normally occurred . 
Deflection of the trailing- edge f l aps resulted in practically no adverse 
effects on the lift-drag r at ios at low speeds and was an effective means 
for trim change . At low speeds and for a l ift coefficient of about 0 . 4, 
the trim lift-drag ratio for the model having a thickness- diameter ratio 
of 0.225 was 6 and that for the thi cker model was almost 5 . Both models 
were di rectionally st ab l e and exhibited posit ive effect ive dihedral 
throughout the Mach number range . 

*Title, Unclassified 
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IN!!XODUCTION 

General i n t e r e s t  i n  manned space f l i g h t  has provided a stimulus 
f o r  t h e  invest igat ion of shapes which appear t o  be a t t r a c t i v e  f o r  
appl icat ion t o  re-entry vehicles.  
e i t he r  nonl i f t ing  or l i f t i n g .  
Mercury, have ce r t a in  advantages which include s t r u c t u r a l  simplicity,  
no requirement f o r  an elaborate f l igh t -cont ro l  system, ease of mating 
t h e  booster,  and short  exposure times t o  high heating r a t e s  during 
entry.  
heating r a t e s  and decelerations,  t h e  p o s s i b i l i t y  f o r  a conventional 
horizontal  landing, and t h e  a b i l i t y  t o  maneuver, thus providing control  
over longi tudinal  and la teral  range and a deeper entry corridor on return 
from planetary or lunar missions (see,  e.g. ,  r e f .  1). 

Such vehicles can be classed as 
Nonlifting types,  such as used i n  Project 

Advantages of l i f t i n g  types,  by comparison, include lower peak 

A l i f t i n g  shape which appears a t t r a c t i v e  i n  terms of t he  foregoing 
considerations i s  a th ick  disk.  A t  high a t t i t udes ,  t he  weight-to-drag 
r a t i o  i s  low and t h e  radius of curvature of t h e  surface exposed t o  t h e  
airstream i s  la rge ,  a combination of parameters which r e su l t s  i n  reduced 
convective heating r a t e s  (see,  e.g. ,  r e f .  2) .  
t h e  low-speed l i f t - d r a g  r a t i o s  associated with t h i s  type of shape appear 
su f f i c i en t ly  high t o  permit a conventional horizontal  landing. However, 
t h e  r e s u l t s  of t h e  invest igat ion reported in  reference 3,  which w a s  made 
t o  determine t h e  subsonic aerodynamic charac te r i s t ics  of basic  disk 
shapes having e l l i p t i c  cross  sections and thickness-diameter ra t ios  from 
0.225 t o  0.425, showed t h a t  t h e  bas ic  disk shape i s  longitudinally 
unstable a t  a t t i t u d e s  associated with conventional horizontal  landing. 

A s  shown i n  reference 3 ,  

One method of providing s t a b i l i t y  has been investigated a t  low 
speeds and reported i n  reference 4. 
horizontal  f i n s  with end p l a t e s  t o  a disk having biconvex cross sections 
with a thickness-diameter r a t i o  of 0.29. 
p l a t e  arrangement w a s  a l so  incorporated i n  a d isk  model having e l l i p t i c  
cross  sect ions with a thickness-diameter r a t i o  of 0.367 and the  resu l t ing  
configuration was t e s t e d  at transonic speeds ( r e f .  5 )  and a t  supersonic 
speeds ( r e f .  6 ) .  The method of providing longitudinal s t a b i l i t y  used i n  
the  present invest igat ion involved t h e  addition of trail ing-edge control  
surfaces t o  bas i c  disk shapes. 

This involved t h e  addition of 

The horizontal-f in  and end- 

The invest igat ion reported herein w a s  undertaken t o  determine the  
longi tudinal  and l a t e ra l -d i r ec t iona l  aerodynamic charac te r i s t ics  of disk 
configurations employing t ra i l ing-edge control  surfaces, v e r t i c a l  sur- 
faces  on the  body,and canopies. 
with thickness-diameter r a t i o s  of 0.225 and 0.325. 
conducted i n  the  Ames 12-Foot Pressure Wind Tunnel over a Mach nmiber 
range from 0.25 t o  0.90 at a Reynolds number of 3.3X106, and a t  Reynolds 
nwnbers t o  16x10" a t  a Mach number of 0.25. 

The models had e l l i p t i c  cross sect ions 
The t e s t s  were 

Data were obtained for 
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angles of attack to 28' and for angles of sideslip to 19'. 
of an investigation of the aerodynamic characteristics of these two 
models at supersonic speeds are presented in reference 7. 

The results 

NOTATION 

The data on the longitudinal characteristics are referred to the 

The origin of the axes, or moment center, 
wind axes, and the data on the lateral-directional characteristics are 
referred to the body axes. 
was located 40 percent of the diameter back from the nose in the chord 
plane of the models. 
including flap area when flaps are incorporated on the model. 

The coefficients are based on plan-form area, 

drag coefficient, - drag 

lift lift coefficient, - 
qs 

qs 

itching moment 
qSd 

pitching-moment coefficient, P 

awing moment 
qSd 

yawhg-moment coefficient, 7 

rolling moment 
qSd 

rolling-moment coefficient, 

side force side-force coefficient, 
qs 

diameter of model 

lift-drag ratio 

free-stream Mach number 

free-stream dynamic pressure 

Reynolds number, based on model diameter 

radial distance from center of model 

plan-form area of model 

maximum thickness to diameter ratio 
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Y 

a 

P 

6 

(5) 
da G O 0  t o  5 O  

(3 cL=o t o  0.1 

max 

v e r t i c a l  distance from the  chord plane 

angle of a t tack,  measured with respect t o  t h e  chord 
plane 

angle of s ides l ip  

def lect ion angle of longitudinal control  surfaces,  
pos i t ive  downward (see f i g .  2 (a) )  

l i f t -curve  slope i n  t h e  v i c i n i t y  of a = 0' t o  5'? 
per  deg 

pitching-moment-curve slope i n  the  v i c i n i t y  of CL = 0 
t o  0.1 

der ivat ives  with respect t o  P ,  per  deg 

Sub sc r ip t  

maximum 

MODELS 

Two disk models with e l l i p t i c  p ro f i l e s  were t e s t ed  i n  t h i s  inves t i -  
gation (see f i g .  1). 
thickness-diameter r a t i o s  of 0.225 and 0.325. 
diameter r a t i o  of 0.225 incorporated a negative 2.5-percent semie l l ip t ic  
mean-line cardber. The other  model w a s  symmetrical about t he  chord plane. 
The model shapes were generated by revolving about t he  minor axis t h e  
e l l i p t i c a l  sections described i n  t a b l e  I. The model configurations 
incorporated canopies, twin v e r t i c a l  surfaces,  and longitudinal-control 
surfaces. One canopy, referred t o  as the  large canopy, had a spherical  
shape and the  other ,  referred t o  as the  small canopy, w a s  a more stream- 
l ined shape. The two v e r t i c a l  surfaces had a combined area of about 11 
percent of t he  disk area.  Two s e t s  of longitudinal-control surfaces, or 
f laps ,  were u t i l i z e d  which had t o t a l  areas  of 20 and '2.5 percent of t he  
disk area,respectively.  Additional model d e t a i l s  a r e  shown i n  f igures  
2 and 3. 

The models had diameters of 2 f e e t  and maximum 
The model with a thickness- 
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The models, which were supported by a 2.5-inch-diameter sting, 
enclosed a six-component strain-gage balance which was used to measure 
the forces and moments. A cylindrical fairing was provided at the base 
of the models to enclose the sting within the body (see figs. 1, 2, and 
3). 
the base of the sting fairing. 

Base pressures were measured with an orifice located just inside 

TESTS 

Longitudinal force and moment characteristics were measured through 
an angle-of-attack range from -3' to +28O. 
istics were measured through an angle-of-sideslip range from -4' to +1g0 
at angles, of attack gf Oo, 6O, and l 2 O  and through an angle-of-attack 
range from -4' to +18 The investigation 
was made over a Mach number range of 0.25 to 0.90 at a Reynolds n p e r  
of 3 .3X106, and over a Reynolds nuniber range of O . p l @  to 16.0XlO at a 
Mach number of 0.25. 
surfaces, small canopy, and longitudinal-control surfaces having 25 percent 
of the basic disk area. 
a thickness-diameter ratio of 0.225 and included tests with vertical 
surfaces off, large canopy, and longitudinal-control surfaces having 
20 percent of the basic disk area. The tests were conducted with the 
models in a clean condition, that is, without devices designed to fix 
the location of boundary-layer transition. 

Lateral-directional character- 

at an angle of sideslip of 6'. 

Results were obtained for both models with vertical 

Component studies were made with the model having 

c o m c m o w  TO DATA 

The data have been corrected by the method of reference 8 for wind- 
tunnel-wall interference associated with lift on the model. The magni- 
tudes of the corrections which were added to the measured values are as 
follows : 

La = 0.21 CL 

Corrections to the data to account for the effects of constriction 
due to the wind-tunnel walls were calculated by the method of reference 
9. At a mach number of 0.90, the correction amounted to an increase of 
about 1.5 percent in the measured value of Mach number and dynamic 
pressure. 

The drag data have been adjusted to correspond to a pressure at the 
base of the cylindrical sting fairing equal to free-stream static pressure. 
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The reference area used for the adjustment was the cross-sectional area 
of the sting fairing. 
pressure adjustment increased the drag by about 5 percent at low speeds 
and altered the drag by less than 2 percent at high subsonic speeds. 

In the region of maximum lift-drag ratio the base- 

RESULTS AND DISCUSSION 

The results of the investigation are presented graphically in figures 
4 through 20. 
a thickness-diameter ratio of 0.225 are presented in figures 4 through 9 
and those of the model with a thickness-diameter ratio of 0.325 are 
presented in figures 10 and 11. Lift- and pitching-moment-curve slopes 
and lift-drag characteristics for both models are shown as functions of 
Mach number in figures 12 and 13. Lateral-directional characteristics 
of the model with a thickness-diameter ratio of 0.225 are presented in 
figures 14 through 17 and those of the model with a thickness-diameter 
ratio of 0.325 are shown in figures 18 and 19. 
the lateral-directional stability derivatives for both models for the 
range of Mach numbers. 
were taken from reference 3. 

Longitudinal aerodynamic characteristics of the model with 

Figure 20 summarizes 

Data for the basic disk shapes without appendages 

Longitudinal Characteristics 

Effects of Reynolds number.- The effects of increasing Reynolds 
number on the longitudinal aerodynamic characteristics of the models 
were evidenced by increases in lift-drag ratio and small negative shifts 
in zero-lift pitching moment. 
wherein data are presented for the thinner model with 20-percent flaps 
at Reynolds numbers from 0.7X10" to 16x10" at a Mach number of 0.25 and 
at Reynolds numbers of 3.910" and 7.lXlO" at a Mach number of 0.60. 
Further evidence of these effects can be seen by a comparison of the 
results at a Reynolds number of 3.910" with those at 16X106, that is, 
figure 8(a) with 8(b) for the thinner model having 25-percent flaps, and 
figure lO(a) with 10(b) for the thicker model having 25-percent flaps. 

These effects are shown in figure 4, 

Effects of configuration changes.- The effects of vertical surfaces, 
canopy shape, and flap size on the aerodynamic characteristics of the 
model having a maximum thickness-diameter ratio of 0.225 are shown in 
figures 5, 6, and 7, respectively. The addition of vertical surfaces on 
the model resulted in more negative zero-lift pitching moments and small 
minimum-drag increases throughout the subsonic speed range. At low 
speeds, increases in lift-curve slope and in longitudinal stability at 
low lift coefficients, and reductions in induced drag resulted from 
addition of the vertical surfaces. A comparison of the results obtained 
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on t h e  model incorporating a s m a l l  streamlined canopy with the  r e s u l t s  
obtained on the  model with a l a rge r  spherical  canopy ( f i g .  6) shows t h a t  
large drag penal t ies  were associated with t h e  l a rge r  canopy, pa r t i cu la r ly  
a t  high subsonic speeds. 
had higher angles of a t t ack  f o r  zero l i f t  and generally more negative 
pi tching moments a t  zero l i f t .  
( f lap)  surface a rea  from 20 t o  25 percent of t he  bas ic  disk area resul ted 
i n  s ign i f i can t ly  improved charac te r i s t ics  as shown i n  f igure  7. 
t he  l a rge r  f l a p s  resul ted i n  increases i n  l i f t -curve  slope, large 
improvements i n  longi tudinal  s t a b i l i t y ,  and higher l i f t - d r a g  r a t i o s  at 
l i f t  coef f ic ien ts  above those f o r  maximum l i f t -d rag  r a t i o  a t  high subsonic 
speeds. 

In  addition, t he  model with the  l a rge r  canopy 

Increasing t h e  longitudinal-control 

Use of 

Effects  of Mach number.- The da ta  for several  control  def lect ions 
presented i n  f igures  8 and 9 f o r  the  thinner  model and i n  f igures  10 and 
11 f o r  the  th icker  model show t h a t ,  with t h e  moment center located a t  
40 percent of t h e  diameter, both models were s t a t i c a l l y  s tab le  a t  low 
subsonic speeds. 
increasing l i f t  coef f ic ien t .  
i n  some reduction i n  s t a b i l i t y ,  notably a t  high l i f t  coef f ic ien ts .  
t h e  range of Mach numbers from 0.80 t o  0.90, both models exhibited 
varying degrees of i n s t a b i l i t y  up t o  t h e  region near maximwn l i f t ,  
wherein a s tab le  t rend i n  the  pi tching moments normally occurred. 
def lect ion of t h e  f l a p s  from 0' t o  -10' resul ted i n  large increases i n  
t r i m  l i f t  coef f ic ien t  a t  low speeds, but i n  some cases resul ted i n  
decreases i n  trim l i f t  coeff ic ient  a t  high subsonic speeds. A t  a l l  Mach 
numbers, f l ap  def lec t ion  had l i t t l e  e f f ec t  on the  slope of t he  pitching- 
moment curve, but  generally resul ted i n  increases i n  ze ro - l i f t  angle of 
a t tack .  When compared with t h e  bas ic  disks ,  both model configurations 
showed large improvements i n  l i f t  and s t a b i l i t y  characterist ics as shown 
i n  f igures  8 t o  12. 
average values between angles of a t tack  of 0' and 5' and t h e  slopes of 
t h e  pitching-moment curves represent average values between lift 
coef f ic ien ts  of 0 and 0.1. 
l i f t -curve  slopes f o r  t h e  model configurations were i n  some instances 
over twice as high as those f o r  the  bas ic  disks ,  and whereas the  bas ic  
d isks  exhibited a la rge  degree of i n s t a b i l i t y ,  t h e  model configurations 
as previously noted, were s l i g h t l y  s tab le  a t  low speeds and s l i g h t l y  
unstable a t  high s d s o n i c  speeds. 

I n  general, t h e  s t a b i l i t y  a t  low speeds increased with 
Increasing the  Mach number t o  0.60 resul ted 

I n  

Upward 

In  f igure  12 t h e  slopes of t he  l i f t  curves represent 

I n  t h i s  region of low l i f t  coef f ic ien ts  t he  

It may be fu r the r  noted i n  f igures  8 t o  11 t h a t  a t  low speeds, 
def lec t ion  of t he  f l a p  resul ted i n  only small reductions i n  l i f t -d rag  
r a t i o .  
with f l a p  def lect ion increased progressively. 
lift coef f ic ien t  of about 0.4, t he  trim l i f t -d rag  r a t i o  f o r  t he  model 
configuration having a thickness-diameter r a t i o  o f  0.225 w a s  6 ( f i g .  8(b) ) , 
and t h a t  f o r  t he  th icker  model was almost 5 ( f i g .  10(b) ) .  
examination of f igures  8 t o  11 and 13, which summarizes the  l i f t - d r a g  
charac te r i s t ics  i n  terms of Mach number, reveals t h a t  when compared with 
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the basic disks, both model configurations had lower values of maximum 
lift-drag ratio throughout most of the Mach number range. 
because the induced drag of the model configurations wsls lower than that 
of the basic disks, improvements in lift-drag ratio were evidenced at 
lift coefficients above those for maximum lift-drag ratio. 

However, 

Lateral Characteristics 

It may be seen in figure 14 that the lateral-directional character- 
istics, that is, the yawing-moment, rolling-moment, and side-force 
coefficients were somewhat insensitive to changes in Reynolds nurdber 
from 3.3XlO" to 16X106. 
20-percent flaps, whereas the following discussion on lateral-directional 
characteristics pertains to the models with 25-percent flaps, it is shown 
in figure 15 that the differences between the lateral-directional charac- 
teristics associated with the 20- and 25-percent flaps were generally 
small throughout the angle-of-sideslip range investigated. 

While these data are for the thinner model with 

The lateral-directional characteristics are presented as functions 
of angle of attack for a constant sideslip angle of 6' in figure 16 for 
the thinner model and in figure 18 for the thicker model. 
that the yawing-moment and side-force coefficients were insensitive to 
angle of attack and the rolling-moment coefficients increased essentially 
linearly with increasing angle of attack. Comparison of the results 
obtained for the model incorporating vertical surfaces with those 
obtained f o r  the model with no vertical surfaces (fig. 16) shows, as 
anticipated, that the vertical surfaces were primarily responsible for 
the directional stability of the model. The lateral-directional charac- 
teristics are shown as functions of sideslip angle for several angles of 
attack in figure 17 for the thinner model, and in figure 19 for the 
thicker model. At low speeds the coefficients increased essentially 
linearly with sideslip angle; in the Mach number range from 0.60 to 0.80 
the coefficients increased smoothly up to a sideslip angle of about l5', 
above which reductions frequently occurred, particularly for the thicker 
model. 
directional stability derivatives at an angle of attack of 6 
of Mach nmiber. 
and positive effective dihedral throughout the Mach number range at this 
angle of attack. 

The data show 

A summary of the lateral data is shown in figure 20 8 s  lateral- 
as functions 

It is evident that both models had directional stability 
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CONCLUSIONS 

Results of an invest igat ion of two disk-shaped re-extry configura- 
t i ons  employing t ra i l ing-edge control  surfaces,  v e r t i c a l  surfaces ,  and 
canopies a t  angles of a t t ack  t o  28' and angles of s ides l ip  t o  19' can be 
summarized as follows: 

1. With the  moment center  at  40 percent of t h e  diameter, both 
models were longi tudinal ly  s tab le  a t  low suksonic speeds. I n  the  range 
of Mach numbers from 0.80 t o  0.90, the  models exhibited varying degrees 
of i n s t a b i l i t y  up t o  the  region near maximum l i f t ,  wherein a s t ab le  
t rend i n  the  p i tch ing  moaents normally occurred. 
s t a b i l i t y  cha rac t e r i s t i c s  of both model configurations,  t he  bas ic  disk 
shapes were very unstable throughout t he  e n t i r e  stibsonic speed range. 

In contrast  t o  t h e  

2. A t  low speeds, def lec t ion  of t he  t ra i l ing-edge f l a p  resu l ted  i n  
only small reductions i n  l i f t - d r a g  r a t i o  and provided an ef fec t ive  means 
for trim change. 

3 .  A t  low speeds and f o r  a lirt coef f ic ien t  of about 0.4, the  t r im  
l i f t -d rag  r a t i o  for t h e  model having a thickness-diameter r a t i o  of 0.225 
was 6, and t h a t  f o r  t h e  model having a thickness-diameter r a t i o  of 0.325 
w a s  almost 5 .  

4. Increasing the  Reynolds number from 0.7X106 t o  1-6X106 resulted 
i n  subs t an t i a l  increases  i n  l i f t - d r a g  r a t i o  and s m a l l  negative s h i f t s  
i n  z e r o - l i f t  p i tching moment a t  low speeds. 

5.  B o t h  models had d i r ec t iona l  s t a b i l i t y  and pos i t ive  e f fec t ive  
dihedral  throughout the Mach number range. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  Cal i f . ,  Apr i l  7, 1961 
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TABU I.- COORDINATES OF SURFACE OF MODEIS 
[ A l l  dimensions in inches] 

* d 

r 

0 
1.00 
2.00 

4 .OO 
3 .oo 

5 .oo 
6 .oo 
7 .oo 
7.50 
8 .oo 
8.50 
9 .oo 
9.50 

t/d = 0.325 
'Ya 

3 -90 
3 -89 
3.84 
3.78 
3.68 
3 054 
3 *38 
3 *17 
3.04 
2.91 
2.75 
2.58 
2.38 

c__ 

yb 
2.10 
- 
2.09 
2.07 
2.03 
1.98 
1.91 
1.82 
1.71 
1.64 
1.56 
1.48 
1-39 
1.28 - 

- 
-yb 
3 -30 
3 -29 
3 925 
3.20 
3.11 
3 -00 

2.68 

- 

2.86 

2.78 
2.46 
2-33 
2.18 
2.02 

10.00 
10.50 
10.75 
11 .oo 
11.25 
11.50 
11.60 
11.70 
11.80 
1.1 .90 
11-95 
12.00 
- 

t /d = 0.325 
+ -Ya 
2.16 
1.89 
1.73 
1.56 
1.36 
1.11 
1 ,oo 
-87 
71 
50 
36 

0 

t /d  = 0.225 

1.16 
1.02 
993 
.84 
* 73 
.60 
54 
47 
38 

* 27 
9 19 

3 

- 

1.82 
1.60 

1.32 
1.15 
-94 
.84 
73 
.60 
.42 
*30 

1.47 

0 
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(a) tid =' 0.225 A-27284 

(0) tid =' 0·325 
A-27282 

Figure 1.- Photographs of models. 
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Figure 2.- Concluded. 
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-5  0 5 IO 15 20  25 30 
a, deg 0 .05 . IO .I5 .20 .25 .30 

CD 

0 2 4 6 8 IO .05 0 -.05 -.IO 

Crn 

(a) M = 0.25, small canopy. 

Figure 4.- The effect of Reynolds number on the longitudinal aerodynamic 
characteristics of the model having a thickness-diameter r a t i o  of 0.225; 
20-percent flaps; 6 = 0'; vertical surfaces on. 
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(b) M = 0.60, large canopy. 

Figure 4.- Concluded. 
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Figure 5.- The effect of vertical surfaces on the longitudinal aerodynamic 
characteristics of the model having a thickness-diameter ratio of 0.223; 
20-percent flaps; 6 = 0'; small canopy; R = 3 .3X106. 
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Figure 6.- The effect of canopy shape on the longitudinal aerodynamic 
characteristics of the model having a thickness-diameter ratio of 
0.223; 20-percent flaps; 6 = 0'; vertical surfaces on; R = 3.3X106. 
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Figure 7.- The effect of f l a p  size on the longitudinal aerodynamic 
characteristics of the model having a thickness-diameter ratio of 
0.225; 6 = 00; small canopy; vertical surfaces on; R = 3 .%lo6. 
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(a) R = 3.3X10" 

Figure 8.- The longitudinal aerodynamic characteristics of the model and 
basic disk having a thickness-diameter ratio of 0.225; 25-percent 
flaps; s m a l l  canopy; vertical surfaces on; M = 0.25, 
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(a) M = 0.60 

Figure 9.- The longitudinal aerodynamic characteristics of the model and 
basic disk having a thickness-diameter ratio of 0.225; 25-percent 
flaps; small canopy; vertical surfaces on; R = 3.3~10~. 
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(b) M = 0.80 

Figure 9.- Continued. 
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(c) M = 0.85 

Figure 9.- Continued. 
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(a) R = 3.3X10" 

Figure 10.- The longitudinal aerodynamic characteristics of the model and 
basic disk having a thickness-diameter ratio of 0.325; 25-percent flaps; 
small canopy; vertical surfaces on; M = 0.23. 
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Figure 11.- The longitudinal aerodynamic characteristics of the model and 
basic disk having a thickness-diameter ratio of 0.323; 25-percent flaps; 
small canopy; vertical surfaces on; R = 3.3~10~. 
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Figure 11.- Continued. 



-5 0 5 IO 15 2 0  25 

0 .05 .I 0 .I5 .20 .25 .30 .35 a, deg 

CD 

0 2 4 6 . I5  .IO .05 0 -.05 -.IO 

Crn 

( c )  M = 0.85 

Figure U. - Continued. 



m m m  maam m m m  m m m e  m m m  m m m  m m m  ma a ma m a  
m a  m a  m a  a m  a m m a .  

m a m m a  
m a  o m 0  amma m a  m a  

m a  
mea a m m m  om ma 

* m 3 {  mama m m m  a m m m  m m m  ma0 m m G m m  

1.0 

.0 

.6 

CL 

.4 

.2 

0 

-_ 2 

I .o 

.8 

.6 

.2 

0 

-. 2 
0 2 4 . I5  .IO .05 0 -.05 -.IO 

c m  

(d) M = 0.90 

Figure 11.- Concluded. 

COIWIDENTIAL 



......................... ........ . 0 .  0 .  a 8  0 .  ...... . . . . . . . . . . . . . . . . .  
0 0 .  0 .  . .... 0 . .  0 .  0 .  ....................... .......... a 0 0 -  0 O b  . 

-~ 
CONFIDrnIAL 

0 - ul! 
0 
,o 
0 

Ln 
I 

0 - 

35 

rl 
a, 
% a 
a, s 
-P 

k 
0 
%i 

m 
a, 
c4 
0 
rl m 

5 0 

I 

CONFIDENTIAL 



......................... . *. . - 0  . . . .  
0 .  e m  . *  . 0 .  . ........ . . . . . . . . . . . .  I. . *.... . 
0 .  0 .  e . .  . .... . . . . . .  ....... @@Wg-DMjp&& ....... 36 * * *  * * * a  

IO 

5 

.4 

0 

IO 

5 

0 

.4 

.2 

0 

R=1r106  R=3.3x1o6 
Basic 
6= 0" - _ _  0 

Figure 13.- The variation with Mach number of lift-drag characteristics 
for the model configurations and basic disk shapes. 



I Fi 

-.05 

.o I 

0 

-.o I 

-.02 

-.03 

-.04 

.gure 14 
of the 
flaps; 

0 5 IO 15 20 (for Q= 12") 
.I" -5 

PI deg 

.- The effect of Reynolds number on the lateral character 
model having a thickness-diameter ratio of 0.225; 20-per 
6 = 0'; small canopy; vertical surfaces on; M = 0.25. 

C O T F  IDETJT IAZ, 

.st 
!en 

ic s 
t 



......................... . . . . . . .  * .  * e  0 .  ........ . . . . . . . . . .  ...... .......... ....................... 38 . . 0 .  . 0 .".cdifF.dm;IAL: .. 0 .  . 

Cn 

.o I 

0 

-.o I 

C) -.02 

-.03 

-.O 4 

-.05 

CY 

.03 

.02 

.o I 

0 

-.o I 

.05 

0 

-.IO 

-.I5 
-5 0 

F i -gure 15. 
the mod 
canopy ; 

- The effect of flap size on the lateral character 
.el having a thickness-diameter ratio of 0.225; 6 = 
vertical surfaces on; M = 0.25; R = 3.3X1O6. 

i .s 
0 
tic 
0. 

s of 
small 



.o I 

-02 

.03 

.02 

......................... 
e b .  0 .  0 .  

0 .  0 .  

b 0 .  . 0 .  . ........ . e .  . 0 .  0 .  

...... . . . . . . . . . . . . . . . . .  .... . . .  .......... ....... L @ @ ~ ~ ~ ~ - & . . .  .... 39 

Cn 

.o I 

0 

-.o I 

.05 

0 

CY 

-.05 

-.IO 

-10 -5 0 5 IO 
a, deg 

15 20 25 
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istics of the model having a thickness-diameter ratio of 0.225; 
25-percent flaps; 6 = 0'; small canopy; p = 6'; M = 0.25; R = 3.3X106. 
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Figure 18.- The var ia t ion  with of a t t ack  of t h e  l a t e r a l  c haract e r - 
i s t i c s  of t h e  model having a thickne s s- d i  m e t  e r  r a t i o  of 0.325; 
25-percent f laps ;  6 = Oo;p = 6'; small canopy; v e r t i c a l  surfaces on 
M = 0.25; R = 3.310". 



C 

.o I 

0 

-.o I 

-.02 

-.03 

-.04 

......................... 0 .  6 .  r ........ . 0 .  ...... . . . . . . . . . .  ....... .......... . 0 .  0 .  0 .  

0 .  0 .  . 0 .  0 .  4 3 

(a) M = 0.25 

Figure 19.- The lateral characteristics of the model having a thickness- 
diameter ratio of 0.325; 25-percent flaps; 6 = 0'; small canopy; 
vertical surfaces on; R = 3.31O6. 

COPJFIDEZVTIAL NASA - Langley Field, Va. A-485 



Cn 

.o I 

0 

.03 

.02 

.o I 

0 

-.o I 

-.02 

.05 

C 
0 

'Y 

-.E 

-.IO 

5 0 5 IO 15 20 (for M=0.60) 

P, deg 

(b) M = 0.60 to 0.90; CL = 6' 

Figure 19.- Concluded. 

C 0i;F ID E3 I d  



I 

1 I 

cu 

CONFIDENTIAL 



· ... . • •••• • •••• • •• • •• • • 

•• • • • • ••• 

• • • • •••• 

•• • • • • •••• • • 
• • •• •• • • •• 

••• • •• • ••• 

••• •••• · .. • ••• • • ••• • 

••• • • • • •• 

• ••• • • •• • •••• 

• •• • • • • • • • •• 



••• •••• • •• •••• . 'ONF.lDENTI~t.. . • • • • • • • • • • • • • • • • • • •• • • • • ••• • ••• • •• •• • • • • •• • • • • • • • • • • • •••• • • • • • • ••• •••• ••• • ••• • •• ••• • • • ••• • •• • • •• 

CONFIDENTIAL 


