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A eomplUtioB and eraluation of thaoratical and axparlaantal 

aerodynamic data are presented for conical shapes at Mach 

masters free 0 to 25. Emphasis is placed on slender cones 

such as might be used for ballistic missile reentry, Plots 

for obtaining estimates of static and dynamic aerodynamic 

characteristics are included. 

Several hundred references are listed by originating company 

or publishing source. Contents of the references are stamar- 

ised by test condition and model geometry. 

fig vfPgBë 

Ablation Effects 

Aerodynamic Characteristics 

Aerodynamic Controls 

Axial Force 

Base Drag 

Base Geometry 

Base Pressure 

Blowing Effects 

Boundary Layer Transition 

Center of Pressure 

Conea 

Dynamic Damping 
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Lift 

Low Density 

Normal Force 

Nose Bluntness 

Pitching Moment 

Pressure Coefficient 

Skin Friction 

Stability 

Viscous Effects 

Wave Drag 
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center of gravity- 

center of pressure, oee Section 3«0 

see equation 10.1 

axial force coefficient, see Section 4,0 

drag coefficient, see Section 1.0 

lift coefficient, see Section 1.0 

normal force coefficient, see Section 2*0 

pitching moment coefficient, see Section 5*0 

pressure coefficient, see Section 6.0 

stability derivatives due to angular velocity, 

see Section 5*0 

stability derivatives due to vertical acceleration, 
t 

see Section 5*0 

average skin friction coefficient for cone 

diameter, feet 

altitude, feet 

cone length, feet 

Mach number 

mass flow, Ib-sec/ft 
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boundary layer edge Reynolds number/ft 
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i.o iffmonicnoN 
A coKpilation and evaluation of theoretical and experimental aerodynamic data 

are presented for conical ahapee at Mach numbers frees approximately 0 to P5. 

Flota which can he used to provide accurate estimates of aerodynamic character- 

iatice are included. 

The subjects included are: 

Static Force and Moment Coefficients 

Itynaaic Force and Moment Coefficients 

Pressure Coefficients 

Boundary Layer Transition 

Aerodynamic Controls 

Low Density Effect« 

Ablation and Blowing Effects 

Emphasis has been placed on slender cones such as might be used for ballistic 

missile re-entry. 

A comprehensive literature search was conducted and several hundred references 

are listed by originating company or publishing source. References include 

documents, technical reports, Journals, conference papers, etc. Many excellent 

and relatively unknown references, which are not available through the Boeing 

library, have been included and are available from Donald V. Eastman.* 

Contents of the references are siamaarized by test conditions and model 

geometry, since many of the titles are not definitive. Desired information can 

be located quickly with this handy sumnary. 

’ »V 1 r * ’ ■ 

'ÄVt’♦Z* à, 
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It le reccmaended that Reference 537 be obtained by aerod;/nMiicistB using 

the present document, os it reprints cone data directly from many references 

listed in this document. Hoover, Reference 537 includes only unclassified 

material and does not evaluate any data or present theoretical methods. 

The aerodynamic data in document are generally referred to the body axis 

coordinate systm, not the wind axis coordinate system. 

The relationships between these coordinate systems are: 

Body to Wind 

CL = coscZ. -Ca 2/nçp. 

C = C'„ s/n<x. + Cacos<x- 

Wind to B'-xiy 

Cjj = Ci_coscc + s/r7oC 

C a-Cy s/nec. cojac* 

SHEET 12 
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2.0 NORWAI. FORCE 

The normal force coefficient on ft cone Is defined by 

(force normal to conejjxig\— 2.i 
CN * Tdynããnlc rreBSureTTrefc^nce area) 

Th. reference ore» le us colly token os the Wee area, though occaelenally It . 

la tased on the planton» area. The latter la Indicated when required. 

normal force 

References vhlch contain normal force coefficient data are summaHted on 
« 

Pages 16 through 18. 

Subsonic and Transonli_Sxgeds 

Although no adequate theory existe for predicting the normal force coefficient 

et subsonic and transonic speeds, sufficient experimental data are available 

tor estimating 0,, and 0^ , the derivative of 0^ with resjmct to oc at 

oc - o. 

Figures 2.1 thro,«h 2.3 she correlations of experimental data for sharp 

cones tor OC ^ 20\ Very littla data are available for OC > SO*. The effect' 

on C. of blunting the nose 1. shen In Figura. and 2.5. Ur* 
N 

causes a substantial Increase in the transonic C^. 

Figure a.« shows that rounding the base of a sharp 12.5* cone decreases C, 

SHEET 13 
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at subionic speeds. This suggests that base flow effects, and hence the 

method of mounting models in a subsonic wind tunnel, may significantly 

influence the aerodynamic forces and moments. (The effects on the static 

and dynamic stability are shown in Figures 3.4 and 9.1). 

Supersonic Speeds 

Although very accurate theoretical predictions of normal forces for cones in 

unseparated supersonic flows can be made, calculations for cones at angle of 

attack can be tedious. They are, moreover, generally unnecessary because of 

the large amount of experimental data available. 

Sharp cone data are presented in Figures 2.1 through 2.3* Figure 2.1 includes 

a comparison of the experimental C„ with the values predicted by Small Angle 

of Attack theory11*0 at supersonic speeds. Because of the excellent agreement, 

results of the theory are shown for a much wider range of cone angles in 

Figure 2.7- 
\ 

The effect on Cu of blunting the nose is shown in Figures 2.4 and 2.5- Large 
N rr 

reductions in C„ occur at high supersonic Mach numbers, which are much 
N rr 

greater for slender cones than the reductions predicted by "simple" Newtonian 

The addition of a rounded base to a sharp cone rhould have little effect on 

either the pressure distributions on the inclined surfaces or the normal force co¬ 

efficients at supersonic speeds, since the propagation of base disturbances is 

limited to the subsonic portion of the boundary layer. This is shown by the test 

data for a 12.5* cone in Figure 2.6. 

/ 

V.' 
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Hypersonic Speeds 

tteory11T accurateiy prodict. C, ror .h^-conas at ».t a^laa of 

attaok. Figura 2.8 shove the excellent comisen of experimental data and 

Devtonlan theory*. Hevtonian theory overpredlcts CN for oc> 60 i hovever, 

eufficlent experloental data are available at these angles so that accurate 

estimates of S can be mode. Fl^re 2.9 shove plots of C, vs OC calculai 

using ftewtonlan theory, where the local pressure Is 

2 f 
C » 2 sin à 

P 

t , «.a,.-- th»» ^nall Anple of Attack theory^- » plotted In The results of calculations by the tnaij. wig-*-® 

v. . /ri \ for sharp cones at hypersonic 
Figure 2.7, can be used to obtain (C^ 

speeds, 

at OC « 0 cannot he 
AS vas noted earlier (Figures 2.4 and 2.5), 

adequately predicted for blunted cones by hevtonian theory. Modified Chock 

Expansion theory517 does, hovever, give gocd agreement with experiment, as 

ahovn in Figure 2.10. The development of a computer program at Boeing unity 

thi. theory 1. anticipated, hevtonian theory does, hovever, provide good 

predictions cf <:„ at angle of attack as shovn In Figure 2.11. 

to excellent discussion of ecu* bluntnc.s effects is presented in Beference 130. 

Bounding the has. is ex^ct*! to have no effect on norm* force « h^rsonic 

speeds, at saall anglas of attack. 

hi 

*Cc available^ see Section 12.0, 
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.22 
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V 
wind tunnel nay influence the aerodynsmc force!? ond womenta significantly. 

(The effects of rounding the base on and (Cra + . ) arP shown in Figures 

“q mcC 
2.6 and 5.1.) , 

i 

Supersonic und Hypersonic 

?or sharp cones both conical flow and Newtonian theories predict that the 

pressure is constant along a given ray passing through the cone apex end 

therefore, it can be shown gertuetrically that 

lce - 2 
X measured from apex 
cp 3cos*á 

For supersonic Flow, the bow shock wave ir ît be attached to the cone for this 

equation to be valid. Excluding this restriction, is independent of 

Mach number and is constant with angle of attack for 0C^90° for a flat 

based cone. Experimental results substantiate equation 3.2. Figures 3.5 and 

3.6 show comparisons of theory and experimental data for cones at angles of 

attack to 60 degrees. 

3.2 

Figures 3»1 through 3*3 f’ßn he used to estimate the center of nressure location 

117 
for blunt cones at supersonic speeds. At hypersonic speeds, Newtonian theory 

can be used to calculate the center of pressure location. Figure 3.7 shows the 

Newtonian center of pressure for blunt cones at zero angle of attack, which is 

in excellent agreement with the experimental data of Figures 3*1 through 3*3. 

An excellent discussion of cone bluntness effects is presented in Reference I30. 

An noted in Section 2.0, rounding the bases is not expected to alter uue 

pressure distributions on the inclined surfaces and, consequently, will not 

alter the center of pressure location when referred to the apex, tot small 

angles of attack. 
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eXPckIMENTAl CtNtfck OF PRESSJRl AND PITCHING MOMENT üA^A 

rtf. MACH NUMBER 

114. 
b?4». 
bbB. 
12-Í. 
157. 

201. 
¿04. 
?06. 
b6¿. 
IfcO. 

bib. 

b4b • 
L7b. 

817. 

69. 
i6 • 
^ • 

4()¾. 
127. 

505. 
156. 

148. 

131. 
506. 

5 50 . 
211. 
nr, 
163. 
186. 

608. 
526. 
77o. 
608. 
576. 

531 • 
524. 
167. 
11?. 
35. 

.1 
. ï 
.22 
. ¿5 
.¿5 

.4 
• 4 
.4 
.47 
. 5 

• b 
. 5 
.5 
• 5 
.5 

.5 

.6 

.6 

. 6 

.6 

.6 

.65 

.7 

. 7 

.8 

■ 2.b 
2.2 
?. ¿ 

■ 2ö 
- 20 
► 20 
- 1.93 

1.1 

- 4 
4.06 

- 4.9 

- 5 
- 7 

- 21 
- 1.4 
- 1.5 
- 2 
- 3.2 

- 7.5 

- 2.2 
- 1.3 
- 2 
- 9.9 

I - 4 

1 - 25 
1.36“ 4 
1.4 AND 2 
1.5 “ 4.6 

1.5 
1.56 
1.56 
1.6 
1.6 

10 
4.24 
4.24 

3.9 
9 

1.7 “ 3.3 
1.75 “ 5 
2 
2 AND 3 
2 “10 
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3 T.2 
b - h 6 
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íüNCüNICAL shapes 
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rN 1 rt 
<7C 
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0 
0 
Ü AND . r> 

.6 

10 
0 

» 
9 

20 
10 
i.0 

6 

10 
9 
7 
/ 

10. 7 

7 
20 
11.6 
10 
1() 

- 50 

- •♦O 
- 50 
- 50 

0 
5. 7 

.25 
0 
0 
G 
0 AMO 

.019 

.04 

“ 10 
0 
0 

.8 

.6 
• 62 
.62 
.11 

.022 

.8 
.23 

- tO 

.22 
0 AMO . 4 

.38 
Ü 

.? 

1 2 
18Ü 
22 
18 
20 

15 
20 
20 

6 
28 

0 
12 

0 
0 

28 

0 
16 

h 
0 
0 

0 
2l< tí 

4 
ll 

10 O 
summary uf all lürv vehicle flight Tests 
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3.55 
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10 
3.48 
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t XPtKI WLNTAI COMTEK QF (»«ESSUKt MNO PU C'HING MUHtNI OAT A 

i^EF. MAf.H NUM3EÄ 

7¾. 2 - 6 
30. 2 - iO 
61. 2 - IÜ 
li 2 - 10 
70. 2 - 6 

S DEOWtES rN / rb 

:^!f*ClJNlCAL SHAPES - 
9 .05 
9 NUHSPHtHical 
9 .017 - .207 

tu A90 15 0 AND .2 

(X 
MAX 

20 
15 
16 
18 
25 

601• 2 ~ 5.6 
65. 2 - 8 
?9. ¿ - 10 
lo. 2 - 10 

171. 2.4 - 3.9 

10 0 
0.7 O 

1 1 o 
NtJNGüNlCAl SHAPES 

3.2 »5 

.5 30 
25 
18 
18 
25 

165. 2.4 - 3.9 

11. 2.5 * 4 
102. 2.75 - 5 
504. ?.*7 
168. 2.94 - 4.78 

3.2 • J 
10 O 
4.1 - 9.4 O 
0.35 O 

15 O 

90 
O 

25 
50 

90 

177. 3 
64 • 3 ” 

305. 3 
557. 3.1 - 
520. 3.8 - 

6.3 4.1 /.40 
12 15 
22 * 
3.5 8 
>.H 9 

5.72 O 
.113 

O 
.155 

Ü 

O 
10 

10 
10b 

705. 4 
303. 4 - 20 
513. 5 - 8 
6b. 6 - 10 

521. 6 

9 
8 
6 

10 
9 AND 4 5 

O 
O 
o , 

.015 
O 

180 
«20 
12 

2 
30 

578. 6 
102. 6 - 19 
P16. 6.1 
506. 6.5 - 14 
202. 6.5 - 17 

15 
ë 

LO 
Sl.cNOíR COME 

b - 16 

.11 
O 
O 
«■» 

.03 - .15 

10 
16 
30 
30 
16 

169. 6.7 
128. 6.77 
101. 6.8 
609. 6.8 - 4.7 
117. 6.6 ANU 9.6 

¿2.3 
9 

20 
9 

10 - 40 

.27 
O - .66 
O 
O * .3 
O AND .2 

27 
180 

20 
30 
72 

-80. 6.8 “ 14.7 
161. e.6 AND 21.2 
112. 6.8 - 25 
174. 6.86 
18 2. 6.9 

9 
9 
5 - 50 

1U.7 
5 

O - .3 
.33 AND .6o 

O 
.23 

O - .2 
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180 

JO 
5 
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feXFhKIMINÏ Al CHJIEW Oh PkESSOWl AND PllCHlrtò MürfEM DATA 

RIF• MACH NUMBER 

162. ? 
723. I - 10 
527. 7.i AND 0 
503. 5 
4P i • 8 

569. ö 
54. tí 

407. 8 ANO 10 
37. fi -2:.7 

7C2. a - ¿2 

<£ UbOKbf S 

10 - 20 
6* - 15 
4 
0.3 3 
) 

0 
20 

.3 - 12.b 
6.3 - 20 

4/ rb 

0 - .44 
0 - .2 
.03 - .3 

0 
0 - . 36 

0 
0 AND .4 
0 - . 3b 
0 - .5 
0 - .5 

572. 8.04 
571. 8.07 
5P6. 8.3 
203. 9 - lb 

33. 9 - 21 

9 
6.3 

20 
5.7 AmD H.3 
9 ANO 10 

0 
0 
0 
VARIOUS SHAPES 
0 - .3 

hIO. 9 - 24 
170. 9. t> 
130. 9.7 - 19 
54. 9.0 
54. 9.8 

VARIOUS SHAPhS 
10 - 40 .26 
10 0 
60 0 
10 *9 

• 7b 
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0 

I 5 
15 
lb 

2b 

4 b 
15 * 
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30 
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16 
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4 6 
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40. 10 
?0. 10 
9. 10 

78. 10 
62. 10 

6 
6.3 

►s 
8 
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VARIOUS SHAPES 

0 
0 - .15 

.04 

26 
15 
12 
9 

I 1 

57. 10 
212. 10 
?4. 10 
79. 10 

402. 10 

;1 
8 
tj 
9 
4 

.04 

.04 
0 
0 - .3 
0 - . 36 

12 
14 
20 
24 
15 

59. 10 
81. 10 
19. 10 
28. 10 

406. 10 - 20 

) 

9 
10 
11 
OGIVE 

0 
.04 

0 - . 3 
0 
0 - .12 

13 
25 
10 
15 
16 

715. 10 - ?l 
539. 10.5 - 21 
603. 11 
604. 11 * 16 
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9 
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3U 
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.05 
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30 

D2-?6l59-1 



£XPEKl HINTM- CfcNTEK OF 
PKfcSSUKt AND PITCHINO MUHfcNT UA^A 

»EF* MALM NWM0Ef< Í DtjRkcS 

10. 13 - 2i 
66 • 

12. 1* * ?2 
r>2 i. \b ANÜ lö 
210. ió - ¿í 

Ö.5 ANO 9 

b.b 
7.1 ANO 9 
10 

6b. H 
id. I? 
7t>. 18 

209. 18 
42. 19 

20 

24 

4 
n 

> 
H 
’j 

r»/rt> 

.03 AND .3 
0 - .3 
.03 - «3 

- .9 

0 
0 

.1 
0 
VARIOUS SHARES 

15. 19 
4>. 19 
lb. 19 

584. 20 
509. 20 

9 
4 

11 
SUMMARY 

7.1 

REPORT 

0 
.046 

0 

• 2 26 

1 79. 20.3 
134. ¿0.5 AND 2‘* 

m. ?4.4-> 

P - 90 0 
•> - 23 0 

2o A -»D 46 0 

oc 
KAX 

46 
10 
HO 
10 

7 

10 
1 6 
20 
10 
2Û 

15 
20 ' 

16 

¿0 

110 
20 
20 

REV LTR A 

D2-56139-1 

54 







■ 

i?1 ‘k¿ L 
i 

( 

m. 

■ S' . ’ 
i i -. ' 

h 
!?:■ 
I;:: 

' 

1' 
g 
fír'/tt'f. 

f^w.'Vt. 1 1 

aKr--.'"). kV 
fú*' 

a/ 
í w 

„ ¿ ' i 

ílSfefc 
ÂtíÍw 

a 

a 
a 
h 

J3 
C 

- ® 

4* O 

I 
xi 
4» 

■i 
if 

lí 
¾ 
M 

J 
*8 
S 

!■ 
KN 

KN 

M' 
.'I ,! í 1 %-^y’ 

02-56139 

57 
-1 

: i ^ J'L! * fri* 
‘iÁÜt'. i1*' 

.'&4]k*-wK-.l»'|r-"’. m. 'd?*- 
A 

m 
n1 

•; vw 
4 'fi 
r „w 

M\ 

if%'»> 
.'WM 

m 



D2-<01)9-1 

^ 'S 

"1 

us 401 s aooo K*E‘ t® 70737 
TKAOIM« MM» 



■N- , 

4 
*■ 

A 

* 

;v. 

':s 

■ V.»V 

> 
f1' 

í-rílv- 

9? - 

P* 

... 

U 
O 

X 
H 
t 
04 
> 

1 

a 
4-* 

0Ö 

Ví 
O 

d U 
0 Q> 

-I •H tí 

y M 
«) O 
Sí 
P« O 

tfl 
%4 U 

B 3 

u o 
•rl 

V. u 
O fí 

> 

0 
u 
o 

s 
4> 

B 
^-4 

« 
«H 

5 

''5¿ 
V 

I'*1 - ’Wn 
.¾ .j/i ' s’.'W'* J.1ÍÍ 

D2-J6139-1 
59 



J 

o 

V I 

no. 1)2-56139*1 

Sri. 40 
REV LT* 

U| 42M-Í300 «EV. •/•« 



Itf l'‘ ^ 

■'i 

’< j 

o 
N. 
fc 
o 

hi 
«I 
M 
m 

i 
5 
3 

hi 
t 

m 
hi 
ai 
Ö 

* . i'V 
iL'm.jav 5»i t 

'ti* :il^' / ■. .'**'.■ ■ ';. : ■ •. ' m / 

Figure J.7 

0.4 O.t O.t 

■LUNTNESS RATIO, 4/0 

Hypersonic Newtonian Certers-of-Preasure for Cones 
of Varying Geometry. OC* 0 

D2-56159-1 
4l 

.1%. 

n 

» 

& s'4,, 
: 

I H0k f> 4U»| 

'.4^ 
■S' 

W mV 
' . 'S 

• $T 
ÿ'I 
4%!;. •.•»! 

ïM 

7, \ ' '*^1 
*tr if! 
Hi ÿ 
"iSi 

■ ¥i 
■- ,i ’H ' „ 1 Îm#i 

: ■ i 
.¿r 
’£é ll 
' '"u! 

.. .¡sj 



TM« COMPANY 

NUMBER D?-56159-1 
REV LTR 

5 

i / 

1+.0 AXL/vL FORCE 

The axial force coefficient on a cone iß defined by 

, _(force along cone axis) 
'■'A * (dynamic pressure)(reference area) 

The reference area iß usually taken aß the cone base area, though occasionally 

it ia baaed on the planform area. 

References which contain axial force coefficient data are summarized on 

Pageß 5? through 55* 

For »laplicity of calculation, the arlal force coefficient Is usually assured 

to be the sum of the following increments: 

1) Forebody axial pressure force coefficient (commonly called wave 

drag at supersonic and hypersonic speeds) 

2) Base pressure axial force coefficient 

3) £kin friction axial force coefficient. 

At zero angle of attack the axial force and drag force vectors coincide (see 

?ilge 12 ). Therefore, many of the curves included here are labeled ’drag 
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coefficient" Instead of axial force coefficient. The terms are Interchange¬ 

able only at zero angle of attack. 

Forebody Axial Pressure Force 

a. Subsonic and Transonic Speeds 

No theory has been, established at these speeds, however, the experimental 

data shown In Figure ^.1 can be used to accurately estimate forebody 

axial pressure coefficients for sharp unyawed cones. The data In this 

figure do not Include base pressure axial force but include skin friction 

axial force which is small and can be considered negligible for cones 

with half-angles greater than 10 degrees. Experimental data indicate 

that forebody axial pressure force is essentially constant with angle of 

attack at oc. £ 20®; for <X > 20° little experimental data are available. 

For blunt cones, Figures 4.1 througn 4.3 can be used to determine the 

effect of bluntness on forebody axial pressure forces. For blunt cones 

tae force can be spumed constant for 0C £ 20*. 

b. Supersonic and Hypersonic Speeds 

' The theoretical forebody axial pressure force coefficient (referenced to 

cone base area) for a sharp unyawed cone is equal to the pressure co¬ 

efficient on the cone surface. This coefficient,-as well as the skin 

friction coefficients and the complete shock layer flow field, is calcu- 
# 

lated by the unyawed cone computer programs discussed in Section 12. fcitner 

a perfect gas or real air may be used. Solutions for a wide range of cone 

» See Figures 4,17 and 4,18 for sample outputs. 
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angles »nri freestream conditions are published in Reference 139 for perfect 

air (y - 3.4), and in References 515 and 566 for equilibrium real air. 

The theoretical forebody axial pressure force coefficients for unyawed 

cones in perfect air are shown in Figures 4.4 and 4.5» Figure 4.6, as 

well as other calculation^,^ßhows that real air effects have little 

influence on the forebody axial pressure force and therefore, Figures 4.4 

and 4.5 can be used at most freestream conditions. 

Unfortunately, the hypersonic zero angle of attack forebody axial pressure 

force coefficient is too often calculated using Newtonian theory 

£/9 * 2 sirr*S 
ro*Mmooy 
*mK*au*c 

Figure 4.6 shows this equation underestimates for very slender cones 

and for cones at low hypersonic Mach numbers. 

The variation of forebody axial pressure force coefficient with angle of 

attack at supersonic speeds can be determined using the existing experimental 

data susnarized on Page 54 . These data include skin friction and 

base pressure forces j however, when it is assumed that skin friction and 

base pressure are constant with angle of attack, the forebody axial 

pressure force component can be obtained by 

c? -fc 
£1 r,ow ) / ttoT/*i. m/1%* 'V/r/c-T/ow/oC* O _ o*m, 

At hypersonic speeds the variation of the forebody axial pressure force 

coefficient with angle of attack can be obtained from Figures 4.7 and 

4.8. Figure 4.7 was obtained by fairing the results from Newtonian theory 

into th. "exnet" tero «ngl» of attnclt rwolt.139 .»«lualwl »t . 20. 
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The Inverse tethod Blunt Body and Method of Characteristics Body Computer 
» 

Programs were used to calculate the forebody axial pressure force 

coefficient for blunt slender cones at zero angle of attack. The forebody 

axial pressure force coefficient for the corresponding sharp cones were 

then subtracted from these coefficients to give the incremental change in 

forebody axial pressure force coefficient due to nose bluntness, i.e. 

V Fp / BLUHTNCSS ' COME 
SHñRP 

CONE 

Figures 4.9a-o show the variation of this increment with nose bluntness 

ratio for cones of 5#, 9", and 13° half-angle. Also shown are Newtonian 

results obtained from Figure 4.]0. 

The experimental results in Figures 4.9a-c were obtained by subtracting 

the total, axial force for a sharp cone from the total axial force for a 

corresponding blunt cone. Therefore, the effects of bluntness on skin 

friction and base pressure are included in the experimenta] results. ase 

pressure is small end is probably not significantly changed by nose bluntness. 

A preliminary study indicates that blunting the nose will reduce skin 

friction, therefore, the experimental data in Figures 4.9a-c should fall 

below the theoretical results. Such is the case. 

Figures 4.9a-c show that the axial force on a slender cone may be reduced 

by some blunting. The reason for this is discussed in Section 6.0. 
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Base Pressure and Base Axial Force 

References vhich contain experimental base pressure data are summarized on 

Page 5% 

Of all static aerodynamic data, the base axial force (or drag) coefficien. 

is probably the most difficult to determine, both theoretical! and experimentally. 

Experimental results depend on cone geometry, Mach number, Reynolds number 

and the method of mounting the cone in the experimental facility, "he base 

pressure is usually assumed to be constant over the base and is related to the 

base drag by 

9flV-?5F 
-c, 

Figure 4.11 shows wind tunnel data which indicate that the base pressure 

coefficient is: 

1) nearly constant with angle of attack 

2) nearly independent of cone half angle 

3) larger for a cone than for a cone-cylinder 

Figure 4.12 indicates that blunting the nose or rounding the base has little effed 

on the base pressure. 

Figures 4.13 shows the large effect of free stream Reynolds number and wind 

tunnel mounting method on the base press-are coefficient. Tranaition of the 

base flow from laminar to turbulent flow was assumid to occur at the point 

where the base pressure coefficient was a minimum. This location was verified 

by schlieren photographs. The base pressure appears to be nearly independent 

of Reynolds number for turbulent flow, is in agreement with results 

predicted by the Boeing Turbulent Base Flow theory008. The ratio of sting 
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to model diameter appears to have opposite effects on laminar and turbulent 

base pressures. Increasing sting diameter decreases the laminar base pressure, 

vhile increasing the turbulent base pressure. 

Figure U.l4 shows existing wind tunnel test data for cones. Also shown la 

808 the Boeing Turbulent Base Flow theory for surer sonic flow which cami>anes 

well with experimental data. This figure is intended to give an approximate 

estimate of wind tunnel hase pressure, since it does not show the effects 

of cone geometry, Reynolds number or model mounting. 

Base drag on bodies in free flight appears to be significantly different from 

base drag measured in wind tunnel tests. Figure 1..2 5 shows the total cone 

axial forces measured in a ballistic range test and a free flight test. 

Note that at subsonic speeds the total drag for these bodies is less than the 
« 

wind tunnel base drag from Figure U.lk. Two possible explanations for this 

discrepancy are: 

1) The pressure distribution over the cone forebody gives a net 

thrust, thus reducing drag. This is observed in Reference 12?, 

where measured subsonic total drag is slightly less than base 

drag. However,this difference is small compared to that shown 

in Figure 4.15. 

2) Wind tunnel mounting effects may significantly increase the base 

pressure over the free flight value. 

Until additional experimental results are obtained it is recommended that for 

subsonic speeds wind tunnel drag data be corrected using Figure 4.14 and free 
« 

flight data be estimated using Figure 4.15. 

U3 4*03 14)4 oni6. 4-6S 
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Skin yrlctlon Axial Force 

Many theories have been proposed for calculating laminar and turbulent akin 

friction coefficients. These theories are referenced in the Boeing Skin 
Dpi 

Friction Handbook'1-1. The Reference Temperature and Reference Enthalpy 

methods for calculating laminar and turbulent boundary layers' have gained 

wide acceptance because of their simplicity and accuracy. Boeing l^s 

developed more sophisticated techniques for calculating laminar®^ aní' 

822 and turbulent boundary layers. However, the results differ little from 

those calculated using the Reference Temperature and Enthalpy inethods. 

a. Subsonic and Transonic Flow 

For subsonic and transonic flow assume that the boundary layer edge 

conditions are equal to free steam conditions. 

R*ct * Tc ä 

Çc- Çoo 

The skin friction can then be calculated using Equations U.4, 4.10 and 

4.11. The viscosity can be obtained from Figure 4.16. 

b. Supersonic and Hypersonic Flow 

The Unyawed Cone computer programr. discussed in Section 12 compute the 

laminar and turbulent average skin friction coefficients for cones in 

supersonic and nyperaonic flows. For perfect air the reference temper¬ 

ature method is used, and for real air the reference enthalpy method is 

used. A summery of these methods follows. 
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hypersonic flow. The roeth'd of calculation and results are completely 

diacuased in Heferance 024. 

The approxiaata effect of nose öluntnesa on skin friction is also cal¬ 

culated by the Unyawed Cone computer programs. The following assumptions 

are made. 

1. The boundary layer edge pressure is the same as for a sliarp 

cone with ti» same half angle. Figure 6.7 shows tills assumption 

to be quite valid downstream of the blunt nose. 

2. The boundary layer edge entropy is assumed to be equal to the 

entropy of the streamline which passes through the normal shock 

at the blunt nose. This assumption neglects the fact that the 

high entropy flow from the blunt nose is absorbed into the bouu- 

darj, layer as it moves downstream. This assumption gives the 

maximum change In skin friction due to nose bluntness. Actually 

the ciiange in skin friction will be somewhat leâs. 

The other boundary layer edge conditions are calculated as a function of 

sharp cone pressure and normal shock entropy. The skin friction is then 

calculated using Butions 4.4 through 4.11. Calculated results show 

tnat nose bluntness reduces skin friction drag. 
« 

Sample output from the Real Air Unyawed Cone computer program is shown 

in Figure 4.10. The required input for this program are free stream 

pressure, temperature and velocity,* cone half-angle and length; and 

wall temperature. 

u.' «»or 14.14 oHia. 4.AS 
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Saaple output from the Perfect kir Unyaved Cone computer program is ahown in Figure 

^.17. Ihe required input for this program are gas constant, iaentropic exponent, 

free stream Mach number, pressure and temperaturej cone half-angle length; and 

wall temperature. 

Figure 4.I9 shows the excellent comparison of experimental and theoretical drag, 

calculated using the Perfect Air Unyawed Cone program, for slender nearly sharp 

cones. The experimental results were obtained in low Reynolds number flow where 

the boundary layer is laminar and viscous interaction effects are significant. 

Figure 4.20 shows the excellent comparison of experimental and calculated drag for 

sharp and blunt cones in low Reynolds number flow. Note that by slightly blunting 

the cone (r^r^ * *03) the drag coefficient is roduoed. The incremental pressure 

drag due to bluntness for the highly blunted cone (r^/^ « ,30) was obtained from 

Figure 4.9b. 

Figure 4.21 shows the comparison of flight test and calculated drag coefficient * 

for the slender cone LOHT reentry vehicle. The LORY data is classified SUCHET and 

therefore, the scales have been left off the axes in Figure 4.21. Theoretical 

results were calculated using the Real Air Unyawed Cone computer program. Boundary 

layer transition was estimated using Figure 7*3> Transition was assumed to end 

when the boundaiy layer at one-tenth of the cone length becake turbulent. Figure 

4.21 shows that at high altitudes, where laminar flow occurs, the drag coefficient 

ie overestimated. However, at these altitudes the total drag force is small and 

the flight test measurements may have been inaccurate. Note that as altitude 

decreases the laminar prediction compares batter with flight test data. At low 

altitudes, where turbulent flow occurs, theoretical and test data compare vexy 

well. 
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Figure from Ref. 135 

* Valuta of Kc fro« 0.06 to 12 

Figur«4o4 Cone-turface-pressure co.fflci.nt in .l«ilarltjr fom, applicable to 7 - 7/5 «nd l.<«>5 
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5.0 nrriAMic is pitch 

Refirenceû »hloh contalu djT,«lc damping data are aumarlMd ca Poge. 88 «d 8?. 

The detenalnotion, both theoretically and experimentally, of dynamic force 

and manent coefficient, la much more difficult than the determination of 

static coefficientse 

Several types of ncnenclatare are currently in use, necessitating considerable 

care when working with dynamic coefficients. The daaplng-in-pitch nomal force 

coefficients is usually defined 
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,rt, that elthar tha eoa. baae dlawtar or o«a langth eaa ta uaa4 1» «» 

niuead fraquancy tar«. Tha tan. aay « .ay not tocluia a factor of 2. 

T»a dMpïng-ln-piteh ««ont eoefflclant la naually defload 

¿TL. t rricm at? • ^ cC 
à(—rn F o^fTt 

d(^9,-o 

5.5 

— à Cm *■ òCm 5.6 

or - aC òCm 
5-7 

CTWrr ^ 

a^i-c 

OP = ^ 
d 
2V/t-o 

5.8 

6., tha pitch log moment coefficient, mo h. nfarancad to either the, cone 

Kb— dlB—tBf or cone longth. 

ft. following moment tr«.f.r M,»tlona cm. b. u»4 to trM-far tha dyn»lc 

coefficient, fro. tha con. ap« to a n« M-ant cantar, ft. M«nt tranrf.r 

aquation, depend upon which of tha preceding definition. 1. uMd. x l..t*a 

distance fro. the apex to the ww wwot cantar, posltlwa «a.ured aft. S 1« 

tha acmnt reference length, generally tha cone t« dicter or the cone length 
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Subsonic and Transonic Speeds 

No theory exists and little cxperimentnl data ere available. It is difficult 

to correlate existing experimental data, since the data are obtained for a 
% 

wide range of mcment center locations. Existing experimental data arc summar¬ 

ized on Page 88, 

' ■ /■ 

Figure 5.1 shows that slightly rounding the base has a large effect on the 

dynamic damping of slender cones. However, it is difficult to ascertain if 

this difference is due directly to rounding the base or if it is due to a 

change in sting interference effects resulting frem rounding the base. 

Nose bluntness reduces the dynamic damping as shown in Figure 5*2* 

References 129 and 136 show that the variation of damping coefficient is 

irregular with angle of attack. 

Supersonic Speeds 

* 109 
For supersonic speeds Combined First and Second Order Linearized theory 

can be used to estimate dynamic damping*. (Appendix 13 shows two misprints 

which occurred in Reference 109). This theory is restricted to slender bodiee 

at «"»n angles of attack. Figure 5.3 shows plots of and calculated 
9 

using Linearized theory. The dynamic moment coefficients, measured at.the 

cone apex and base! on cone length can be cnlculated by 

wma -jr- 
cos'd 

• « — .15 C"íu * 
'"AT? ri rC 

cos 
ec 

5.1U 

5.15 

♦BLITZ program available, See Section 12.0. 
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These data can be treaeforeed to other >o«ient centers using equations 5*10, 

5.Ut and $.13. 
/ 

Figures 5.1, $.2 sal 5*5 show cosçerlsons of theory and experiment at super- 

sonic speeds. Coaperlson is good, considering the assiaiptlons nsde In 

Llnserlted theory the difficulty In ne es*jr lag experimental data. 

Experimental data shows the daaping to be nearly constant at saall angle of 

attack. 

Ho theory is arallable for predicting the effect of nose bluntness at super- 

scale speods. Experimental data In Figure 5.2 show that bluntness reduces 

dynsmlc damping. 

IzsasKstilsssäs 

^ I In the past, Hevtonlsn theory109 ves used to estimate hypersonic dynamic 

damply. The recently developed Hypersonic Shock Expansion has been 

found to give a better comparison with experimental data*. This theory is 

United to small angles of attack and to slncS ^1.fc. Figure 5*^ shove 

• plots of C_ and C calculated using this theory. At hypersonic speeds, 

«o «o 
CL and C arc saall and art assumed to be equal to aero. Figures 5.5 
H*^^ m¿- oc “OC 

and 5*6 shew comparisons of experimental data with Shock Expansion theory, 

as mall as Bbwtonlan theory. 
e 

Both experiment end theory show that the damping coefficient le nearly constant 

vlth »«giB of attack aa shown In Figure 5*6. 

“1 

«BUTE programs available, See Section 12.0. 
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Experimental data show that blurting a cone reduces the dynamic damping as 

shown in Figure 5.7. Unfortunately no adenuate theory is currently available 

for predicting the effect of blunting. Newtonian theory gives a poor 

prediction. A modified version of Shock Expansion theory has been developed. 

However, sane of the results from this theory presented in Reference 517 are 

inconsistent with each other and show a poor canparison with experimental 

data. This method needs further evaluation. 

All theoretical methods for calculating dynamic damping assume that the reduced 

frequency is small (i.e.,-*^®) and that viscous effects are small. 

Figure 5.8 shows the effect of Reynolds number and the reduced frequency on 

the dynamic damping for a slender cone. 
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6.,0 pressure coEmcisrrr 
i * 

References vhich contain pressure coefficient data are found on Pages 104 and 105 

The pressure coefficient Is defined ' 

Cf, * f*«-FU all conditions 
<S.VJ/e 

_2_/3--i\ r^TyP- J 
perfect gas 

'-dj 
Incompressible flow 

Subsonic Speeds 

A theoretical method, known as the Neumann program, has been developed by the 

Douglas Aircraft Company ^ to calculate the incompressible subsonic pressure 

distribution on a sharp or blunt cone-cylinder. Unfortunately, tîhis program is 

not available at Boeing at the present time. 

It has been found that existing experimental data for unyaved cones could be 

successfully correlated by plotting Cp/( )1,35 versus x/i as shown in Figure 

6.1. Most of the data are for oone-cylinders. Removing the trailing cylinder 

increases the pressure coefficient near the base of the cone. 

Reference 119 states that the influence of Mach number at subsonic speeds on 

a slender cone can be calculated by 

SHEET 9Ô 
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Figur« 6.2 «hoir« th« «xcelUnt comparison of this equation with experimental 

data. 

A modification of Slender Body theory is proposed for calculating angle of 

attack effects. The original theory predicts that the change in pressure 

coefficient due to angle of attack le 

* «0C -t*n à cosif <• 0^(/-4 S'n2C{>) 

However, when Integrated around the body these pressures give 

which does not agree with the values of normal force coefficient slope plotted 

in Figures 2.1 and 2.3. Therefore, to give a better prediction of incremental 

pressure due to angle of attack and to assure that the integrated pressures 

give the correct normal force curve slope 1st 

6.2 
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pressure distribution* 

The effect of angle of attack on pressure can be calculated using the modified 

slender body theory of equation 6.2. 

The effect of nose bluntness on pressure can be obtained from references listed 

on Pages 104 and 105. 

Superaonic and Hypersonic Speeds 

The zero angle of attack pressure coefficient on a cone is calculated by the 

Uhyaved Cone computer programs discussed in oection 12.0. Sample output from 

these programs are shown in Figure 4.17 for a cone in real air, and in Figure 

4.18 for a cone in perfect air. Solutions for a wide range of cone angles and 

free •stream conditions are published in References 159 and 152 for perfect air 

( If - l.M» in References 515 and 566 for equilibrium real air. 

The pressure coefficient for unyawed cones in perfect air are shown in Figures 

4.4 and 4.5. Figure 4.6 ae well as other calculated results^ shows that real 

air effects have little influence on the pressure coefficient and therefore, 

Figures 4.4 and 4.5 can be used at most free stream conditions. 

Unfortunately, the hypersonic zero angle of attack pressure coefficient ie too 

often calculated using Newtonien theory 

C-» 2 sin2 £ 6.5 
P • 

Figure 4.6 shows this equation underestimates Cp for very slender cones and for 

cones at low hypersonic Mach numbers. 

Four methods for calculating angle of attack effects at superaonic speeds are 

available. 

U3 4102 1434 ORIG. 4-#B 
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Figure 6.6 shows the excellent comparison of equation 6.6 and experimental 

data. 

Blunting a cone at supersonic and hypersonic speeds will cause the pressure 

aft of the blunt nose to be lower than the corresponding pressure for a sharp 

cone as shown in Figure 6.T. The blunt cone pressure is lower because the flow 

"overexpands" as it passes around the nose. As the flow moves downstream, it 

starts to compress and eventually the pressure approaches the sharp cone value. 

This is why the pressure drag on a slightly blunted cone may be lower than the 

pressure drag for the corresponding sharp cone (see Section ^.0). 

Theoretical results in Figure 6.7 were calculated using the Boeing Inverse 

Method Blunt Body und Method of Characteristics Body computer programs dis¬ 

cussed in Section 12. These programs can be used to calculate the pressure 

distributions and pressure drag on unyawed blunt cones when M^l.5. Reference 

532 presents pressures calculated using similar methods for blunt cones with 

half-angles between 0 and kO degrees and at Mach numbers between 3*0 and 

infinity ( V * l.1»). 

For blunt cones at small and moderate angles of attach the Method of Character¬ 

istics Yawed Axisynmetric Body computer program discussed in Section 12 can 

be used to obtain the approximate pressure distribution. Figure 6.7 shows a 

comparison of pressures calculated by this program with experimental pressures 

on the most windward streamline of a cone at 10°. At large angles oi 

attack, References 123 and 807 show that "overexpansion" effects become 

negligible and Newtonian theory120 can be used to calculate the pressure 

distribution. 
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OAD EXPERIMENT, REE 115 

_ EQUATION 6.1 
-EXACT SUPERSONIC THEORY, REF. 139 

FIG. 6.2 COMPARISON OF EXPERIMENTAL AND THEORETICAL PRESSURES 
ON A SLENDER CONE AT TRANSONIC SPEEDS 

» 
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GADO EXPERIMENT, REF. 137 

-CORRECTED UNEARNED THEORY 

ACp- [poetan ¿cos+ oC‘(l-^s»n* q>)] 

FIG. 6.3 COMPARISON OF EXPERIMENTAL AND THEORETICAL PRESSURES 
DUE TO ANGLE OF ATTACK ON A YAWED CONE AT TRANSONIC SPEEDS 
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7.0 BOUHDAPY UYZR TRAHSITION 

ntfwvneca *W=h conten tr«.ltloD «p.rl«nt*l da« ar. .»«rl«4 on P«. 115. 

A bibliography of tradition data i» preaanted in Befaranca 510. 

I Boundary layar transition is difficult to predict dua to tha mwbar of factor* 

influencing it. Reference 301 liât* tha following factora: 

1) Reynold* number 

2) Mach number 

3) Surface roughness 

10 Wall to edge total temperature or enthalpy ratio 

5) Noae bluntness 

6) Free stream turbulence 
i 

7) Pressure gradient 

8) Injection at the surface 
* 

9) Vehicle dynamics 

10) Configuration change due to ablation 

Mach number and Reynold* number effects are generally conceded to be the most 

important. 

Reference 536 (Secret) presents a svwsary of transition data obtained from 

flights of actual reentry vehicles. 

Transition data ia difficult to obtain in experimental facllitiaa aa they 

generally operate at Reynolds numbers lower then that required for 

transition. 

Figure» 7.1 and 7.2 show transition data obtained at 10 for a alendar 
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cone with various nose radii. Figure 7-1 shows the variation of heat transfer 

on the cone with Reynolds number. Note that there are different Reynolds 

numbers associated with the beginning and end of transition. Figure 7-2 shows 

the variation of transition Reynolds numbers with wall temperature and nose 

bluntness. Figures 7-1 and 7-2 should be used cautiously as the results shown 

are for one cone tested at one Mach number and should not be overly extrapolated. 

Figure 7.3 shows transition data for slender sharp nosed cones tested at 

various conditions. This figure can be used in conjunction with Reference 

536 to give a good estimate of transition Reynolds number for conical reentry 

vehicles. 

References 122 and 8l? present additional transition data for rones at supersonic 

speeds. 

The boundary layer edge Mach and Reynolds numbers are calculated -by the Unyawed 

Cone computer programs discussed in Section 12. Sample output from these 

programs are shown in Figures 9.17 *nd 4.18. 
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FIG. 7.1 HEAT-TRANSFER DISTRIBUTION ON A SLENDER CONE 
WITH AND WITHOUT NOSE BIUNTNESS AND SURFACE ROUGHNESS 
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8.0 AERODYNAMIC COlTOUS 

Tie fer. ne ronteln «j.ri»nUl -roftn-lc control d.t. « .u—rlMd 

on P««e 120. 

•n» next s.n.r.tlon of entry vehicle. *11 imly h.ve .oc tyr* of «rodyn«l. 

control.. At the jrMent tin. only ll-ltod experl-nt* 4.t. «o w*ltó.le »o 
« 

that additional testing !• required. 
% 

Menee 816 prent, «.olt. fro. . Boeln* te.t conducted * M«, . 6.1 to 

.«loot, eethod. of -rodr-lc =ont«l. The eff«t of e. lnJ«tlon. . 

•irivel 00«. conard «rfe., fin. - fl.p* - th. .«tie -rodjn-lc «br^te 

litic» for a 10* half-angle cone were determined. 

Control effective ne.» d.t. fer th. Oenerol ïl«trlc «n.ov.«ble B/v are found 

1« «fMonces lilted on Pm» 120. Befer««. 46 «d 29 Include hing. 

dete. Reference 28 «o« the effect of .leuleUd «letlon on the 

control effective«... Bef««.. 26 «d U contoln p««u« det.. 

On. of the «ln proble» «.ocl.ted *th control effectivenc.. It to 

det«*» th. -oont of houndory «jer «peretion -d»- of the control .urf«e. 

Thl. prohlee 1. «g«vrt^ by tlrtlon eff«« which hove h«n .hovn2 to 

inereaae eeparation and thus reduce control effectiveness. 
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9.0 ABIATION AMD BLCVTlfG EFreCTS 

Reference» Vhich contain ablation and bloving effect data are sunnarlzed on 

Page 124. 

Recent laboratory and flight testa have shown that ablation and bloving nay 

considerably alter the aerodynamic coefficients. A discussion of this sxibject 

is hampered by lack of adequate theoretical Methods of analysis and by the fact 

that most of the meager experimental data are classified SECRET- 

It Is very difficult to find ablation materials which are suitable for wind 

tunnel tests, end to measure the ablation rates of the few materials which 

are suitable for testing. Most experimenters have simulated ablation by using 

porous Models and bloving a gas out the surface of the Model. However, a 

question remains as to the validity of the results obtained from the simulation. 

The following simulation parameter which relates the gas flew from the surface 

to the free stream mass flow has been suggested and is wldaly used. 

surface 

Seone base 

However« experimental results indicate that this parameter, though useful, Is too 

simple to correlate resulta from such a complicated flev phenoanna. 

Reference 539 presents experimental results for a slender sharp nosed porous 

cons. The entire model is porous and wall porosity is varied to simulate the 

axial distribution of the mass injection produced by ablation. The injection 

material and eons half-angle are not given In this report, however, the 

half-angle Is thought to be apprcocimately 8 degrees. Figure 9»1 shews the 

effect of blowing on the pressure distribution along the surface of the cone. 
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Figure 9.2 shova that blowing reduces C by a large amount. However, 

Reference 539 shows that the normal force curve beccwes increasingly nonlinear 

with increased blowing, so that Figure 9-2 is valid only at OC - 0. Figure 

9.2 also shows the large variation of center of pressure with both Reynoldc 

number and blowing rate. 

% 
Results from another comprehensive experimental program are presented in , 

Reference 539. Figure 9-3 shows the variation of and with angle of 

attack for a slender porous cone tested in a helium tunnel with helium also 

being injected at the surface. Note the increasing nonlinearity of the curves 

with increasing injection rate. Figure 9-V shows the variation of center of 

pressure and axial force with blowing rate for the same cone. 

Reference 29, which is SECRET, also presents excellent experimental data on the 

effect of blowing on Cjj and CQ. 

Simulated ablation reduces the skin friction on a cone, but increases the wave 

drag due to the larger boundary layer displacement thickness (See Figure 9.1)» 

Figure 9.4 shows that for small ablation rates the total axial force is reduced 

due to the lower skin friction drag. However for larger rates the total axial 

force increases due to the higher wave drag. Reference 32 (SECRET) also pre¬ 

sents an excellent discussion of this problem. These references show that 

ablation can either increase or decrease the axial force, depending on the 

ablation rate. 

Meager experimental reeults indicate that ablation has a large effect on the 

dynamic damping of a cone. Results from tests conducted on slender cones coated| 

with different ablators are shown in Figure 9*5* Note coating the entire 

vehicle, or even only the nose, can increase the dynamic damping by nearly an 

order of magnitude. 
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Ablation affects can also cause damping instability as is shown in Figure 9.6 

The aft half of a slender cone was coated with an ablator. When released it , 

damped slightly for the first few seconds; then as the ablation materials 

approached a full blowing rate, the motion began to diverge and continued to 

Í do so to the end of the run. This illustrates an approximate rule: ablation 

ahead of the c.r. causes increased dynamic damping; ablation aft of the c.g. 

causes decreased dynamic damping. 

During re-entry if boundary layer transition occurs near the rear of a vellida, 
I # 

the high heating rates and the associated high ablation rates there may cause 

dynamic instability. This has teen observed during flight tests of conical 

re-entry vehicles. 408 

It has been hypothesized that an aerothercodynamic lag effect on an oscillating 

body may exist, due to time lag of the ablation rate, with respect to the 

heating rate. This effect nay seriously alter the static and dynamic forces. 
• 

Extensive theoretical and experimental studies to determine the effects of 

ablation on aerodynamic characteristics are in progress throughout the aero¬ 

space industry. 

REV LTR 

Ul MS» sw« SSV. I/M 

NO. J2-36139-1 

s«. 123 

... 

* • up 



EXPfcKlMEfoTAL aBLATIUN AND BLOWING tFK CIS DATA 
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10.0 LOW PaiSITI AMD VISCOOS EFPXCTS 

HefsrencM whioh contain low d«n»ity and riaoous flow data «umaricad on 

Pag« 133. ^fareac« 02¾ preteat« a detail«d dlacuaslon of thia aubject. 

*. .»a *' ^ 

In this a«etion only, th« wind axis coordinate system (C^, C^) will be used. 
« 

Thia ia bocauae CT will b« shown to be nearly independent of low density and/or 
L 

viscous flow effeets. 

Low density and/or vlsoous flow effects may increase the drag on a «lender 

cone by an order of magnitude. Data for these flows can be correlated by the 

following viscous parameter 

Moo VC» lo.l 

where The viscosity,>/ , can be obtained from Figure 

4.16. Figure 10.1 shows a correlation of the viscous parameter with experi¬ 

mental data for several cones tested having cold walls. Note that the drag 

is nearly the same for all cones when >J2. Also shown in 

712 
Figure 10.1 are theoretical results calculated using Normal Shock theory 

This theory uae beon incorporates into th? Unyawed Cone Computer Program 

(see Section 12.0). 

Figure 10.2 shows that the ratio of wall temperature to total temperature has 

a large effect on the drag. 

’■.i t 

Figure 10.3 «hows the varUtior. of Cp with angle of attack for a 9’ cone. 

Figure 10.4 indicates that the lift on a slender cone it nearly independent 

of viscous effects. Therefore, Newtonian theory can be used to oaluuiat« 

at all value« of the viscous param« 

\ 
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Figur« 10.5 «hows that vi«oou« «ff«et« «pp«&r to shift th« c«nter of presswr« 

aft. If the ep location is to be d«t«min«d accurately, experimental data must 

b« correct«d for Tieeous effects. Methods for making this correction are 

currently being developed. 
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cXPtKlMl KTAl LOw UtSSlTY ANU VISCOUS EJECTS DATA 
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Symbol Model ^oo V^o 
o 8,9,10 * -19 -0.1 
o CAURef. 21! -15 -0.1 
o lia -10 -0.75 
o JPL (Ref. 22)* -7-9 -0.75 

Viscous Parameter 

TTõZZ 

FIG.10.2 THE EFFECT OF WALL TEMPERATURE 

ON THE VISCOUS DRAG, rM/rb » .30 
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12.0 BOEING COMPUTER PROGRAMS 

Computer programs referred to in this document are summarized here. A complete 

summary of major Boeing programs is available from Applied riatheraatics 

Information Center. Reference 813, dated April 1964, also presents a summary 

of many aerothermodynamics computer programs. 

With the initiation of BLIT7, programming, many unrecorded programs probably 

exist. 

Following is a summary of programs referred to in this document. 

Uavawed Cone Flow Field Program (Ad 0817, 1022) 

'Phis program, summarized in Reference 8O6, calculates the exact flow field of 

an unyawed supersonic circular cone. Either a perfect gas 0817y or the 

equilibrium real air model of Hansen^^ (A3 1022) may be used. Results are 

obtained by solving the Taylor-Maccoll equations using an iterative technique. 

This program also calculates the laminar and turbulent skin friction on the 

cone using the reference methods discussed in Section 4.0. The drag coefficient 

824 
for the cone in hypersonic low density flow is also calculated 

Inverse Method Blunt Body Program (A3 1963J 

This program, summarized in References 814 and 812, calculates the inviscid 

subsonic flow field of a two-dimensional or axisymmetric blunt body traveling 

at supersonic or hypersonic speeds. This program based on the inverse method, 

can be uned for a perfect gas, real equilibrium air, nonequilibrium air or 

real equilibrium air with radiation. For blunt cones, this program oalcu- 
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lates the subsonic flow field around the blunt nose. 

Method of Characteristics Body Program (A3 1C?6) 

This program, susmarised in References 804, 811 and 812,calculates the in- 

viscid supersonic flow field around two dimensionai or axisymmetric bodies 

at zero angle of attack. This program based on the method of characteris¬ 

tics, can be used for either a perfect gas, real equilibrium âir or non¬ 

equilibrium air. The body may have any number of flares or have -concave 

curvature. For blunt cones, this program calculates the supersonic portion 

of the flow field. When need with the Inverse Method Blunt Body Program 

(AS 1563) the complete flow field is calculated. 

Highly Yawed Cone Flow Field Program (AS 2018j 

This program, sunmarized in Reference 810, calculates the ir.viscid flow field 

on the windward sida of highly yawed cones. This program which uses the 

inverse method of solution can be used for either a perfect gas or real 

equilibrium air. 

The only restrictions to the program are that the bow shock wave *uat be 

attached, M^, > 4»0 and oc ^ 5*. 

Laminar Boundary Layer Program //1 (AS 0438) 

This program, suanarized in Reference 820, calculates the locally similar 

boundary layer on a flat plate. The effects of dissociation, ionization 

and mass diffusion are included. Tabulated results from this program 

are presented in Reference 621. 
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Comprcasible Turbulent Boundary Layer Program jAS ¿lOjl 

This prograa, sunanarizcd in Reference 822, calculates the dissociated com¬ 

pressible turbulent boundary layer using the method developed by William 

Dorrance. 

•‘S-, 

Three-Dimengjonal Newtonian Pressure Fvogrm (A3 2035) 

This program,sunmarised in Reference 818,calculates the pressures, static 

forces and moments, and dynamic forces and moments .on an arbitrajy three 

dimensional shape using Newtonian theory. Any shape traveling at hyper¬ 

sonic speeds may be specified. 

Axisvwcetrlg Body Newtonian Program (AS 08281 

This program calculates the static forces and moments on an axisymmstric 

body using Newtonian theory. 

.‘.ijffsi , • „ ' 

Hrnereonlc Shock Expansion Dynamic Damping Programs (BLITZJ 

Two BLITZ programs which solve the equations of Reference 517 for a sharp 

oone are available from D. W. Eastman. The first calculates the tynamic 

damping coefficients for sero angle of attack. The second calculates these 

t 
coefficients for angles of attack other than sero. 
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1L.0 KEFEREMCES 

Thw* rt^RTtnccs, lifted by originating company or publishing sourcs, ars ths 

result of a comprehensive literature search. 

The first item of each reference is the originator's or publisher's report 

number. When a second number appears on the right, the number is: 

1) The Central Library report number, or, 

2) The Defense Documentation Center AD- number, indicating the report 

was obtained directly from DDC by D. W. Eastman and may be borrowed 

from him. 

If no second number appears, the report was obtained from a source which uses 

the first report number. 

Reports can be obtained from one of the following sources 

Cutral Library. Extension 

Hany NACA Reports 

All NASA Reports 

Many AEDC Reports 

Many Miscellaneous reports 

Flight Technology Files. Extension 6-6421 

Sos» NACA Reports 

Most NASA Reports 
in ■ V 4' 

Some AEDC Reports 

Some Miscellaneous Reports 

(For classified reports eall Eat. 5-1881) 

n 
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Mott NACA Reports 

Most NASA Report* 

Dtfan— Downtation Cwitw* 

All report» with AD- nu*b«r can ba ordarad from DDC through the Central 

Library, if not available from D. W. Eaataan. 
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TRANSONIC TUNNEL UIUIÍINS COME-CVUNOER BODIES OE REVOLUTION. 

M. L« CHEve 

- tj-ap-i«; A16-TR-60-15 
2* AN^INVESTIGA!ION OF THE INFLUENCE OF SEVERAL SHAPE PARAMETERS 

UN THE DYNAMIC STAÜILITY OF ÔA1LISIIC RE-FNlRY CONFIGURATIONS. 

J. A. BLACK, CONFIDENTIAL 

nr ti b Il r A16-TDR-62-11 
3’ DYNAMIC STAB IL ! T Y TESTS OF THREE RE-ENTRY CONFIGURATIONS AT 

MACH 8. 
L. K■ RARU and R. H. URBAN 
DATA ALSO FOUND IN REFERENCE Si7. 

AECC-mR-62-87 , , . frA1_ ñrñc,29^c 
DYNAMIC STABILITY INVESTIGATION UF A SMALL-SCALE MODEL JF 
SKYBOIT RE-ENTRY CONFIGURATION AT TRANSONIC SPEEDS. 
C. 0. RIDDLE AND W« E. CARLETON, CONFIDENTIAL 

? A1A-TDR-6?~N2 

FORCE TESTS Of AVCO RE-ENTRY CONFIGURATIONS AT MACH NUMBERS 

2, 5 AND 8. 
R. E. BRILLHART, JR. AND J. C. DONALDSON 

6. AE0C-TDR-62-205 
A16-I DR-62-205 

THE DRAG OF SPHERES IN RAREFIED HYPERVELOCITY FLOW. 

M. KlNSLOW AND J. L. POTTER 

7‘ S^lIoRlinMC INVESTIGAI ION NF SOME PBOrtlENS ASSDCUIFD Gil H 
A LOW-DENSITY HYPERVELOCITY WIND TUNNEL. 
G. D. ARNE Y, JR. AND Ü. t. HOYLAN 

a* VISCOUS EFFECTS ON ZERO-LIFT DRAG OF SLENDER BLUNT CONES. 
J. 0. WHITFIELD AND U. J. GRIFFITH 
DATA ALSO FOUND IN REFERENCE 537. 

o Arnr-mrt-Aî-RB AD-365790 
DYNAMIC STABILITY TESTS ON A 0.217-SCALE MODEL OF THE CS-tFT 

^•Kr^r^i/HÜUUAP.1^.. ANU H. L. USLLION. CO.f.OFNT.AL 

nr rno /¾ 177 ‘ A16-TDR-63-177 
lt" ‘ÍpERWMÍ FOPCt. PftSSUlie. ANO HEAT UANSFCK INVEST IGAT IONS OF 

SHARP AND BLUNT SLENDER CONES. 
D. B. WILKINSON ANO S. A. HARRINGTON 
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11. AEOC-TDR-fc WOR AÜ-1A23S9 

PRESSURE OI S TR I RUT I ON ON A MANEUVE RAÖL E RE-ENTRY VEHICLE AT 
MACH 8 AND 10. 
J. L. BURK AND G. H. MERZ » SECRET 

12. AEDC-TDR-64-1 ‘ A16-TUR-64-Í 
COMPARISON OF HOTSHOT TUNNEL FORCE PRESSURE. HEAT TRANSFER AND 
SHOCK SHAPE DATA WITH SHOCK TUNNEL DATE. 
E. E. EOENFllLD 

13. AEDC-TDR-64-9 AD-347008 
NOSE RLUNTNESS EFFECTS AND ROLL CONTROL ON A MANEUVERArtlE 
RE-ENTRY VEHICLE AT MACH 2, 6 AND 10. 
J. L. BURK AND G. H. MERZ, SECRET 

14. AFDC-TUR-64-20 • AD-346817 
HYPERSONIC STABILITY AND PERFORMANCE CHARACTERISTICS OF A FAMILY 
OF MOD I F I EU CONOIDS. 
L. L. CLARK, CONFIDENTIAL 

15. AFDC-TDR-64-52 AD-348C51 
STATIC STABILITY TEST OF A MANEUVERING BALLISTICS RE-ENTRY 
VEHICLE AT MACH 19. 
J. F. ROBERTS, SECRET 

16. AEDC-TOR-64-59 AD-349247 
FORCE AND PRESSURE MEASUREMENTS ON CONFIGURATIONS OF THE AVCO 
ECM AT MACH NUMBERS 2 TO 10. 
J. D. GRAY AND A. ANDERSON, CONFIDENTIAL 

17. AEDC-TDR-64-60 A16-T DR-64-60 
EXPERIMENTAL DETERMINATION OF AERODYNAMIC DRAG ON A BLUNTED 
10-DEG CONF AT ANGLES OF AÍTACK IN HYPERSONIC, R AR FF I ED FLOW. 
0. E. BOYLAN AND W. H. SI«S 

18. AEOC-TDR-64-90 . AD-349661 
THE EFEECT OF CONTROL FLAPS ON STABILITY CHARACTER I ST ICS OF A 
MANEUVERABLE RE-ENTRY VEHICLE AT MACH 19. 
J. F. ROBERTS AND A. H. BOUDREAU, SECRET 

19. AFDC-TDR-64-98 A43-T0R-64-98 
DYNAMIC STABILITY CHARACTER!ST ICS OF A lü-DEG CONE AI MACH 
NUMBER 10. 
A. E. HOOAPP, JR., B. L. USELTON, AND G. E. BURT 

20. AEDC-TOR-64-125 AD-350310 
STATIC STABILITY CHARACTERISTICS AND PRESSURE DISTRIBUTION ON 

• SEVERAL MARK 12 DECOY CONFIGURATIONS AT MACH NUMBER 10. 
J. R. MYERS AND B. W. ROBERTS, CONFIDENTIAL 

{ 
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21. 

22 . 
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25. 

2o. 

27. 

28. 

29. 

4C. 

460C-TDR-64-132 . AO-351276 
A COMPARISON OE TUNNEL AND FREE-FLIGHT HEAT TRANSFER TO SPHERI¬ 
CALLY 9LUNTED CONES FROM MACH 0 TO 20. 
R. H. EAVES. JR.. AND Û. J. GRIFFITH, CONF10ENTlAl 

AE0C-TDR-64-I36 AH-3S1593 
DYNAMIC STABILITY TESTS OF A MANEUVERING BALLISTIC RE-ENTRY 
VFHCILE AI MACH 10. 
A. E. HOCAPP, JR., AND G. E. BURT, SECRET 

AtDC-TUR-64-140 AD-3B2052 
DYNAMJC STABILITY TESTS OF THE MARK l? DECOY AT MACH 10. 
A. 6. HODAPP, JR. AND G. E. BURN!, CONFIDENTIAL 

AEDC-TOR-64-141 AD-351580 
AN INVESTIGATION OF 1 HE STATIC STABILITY CHARACTERISTICS OF AN 
ABIATFD MANEUVERABLE RE-ENTRY VEHICLE Al MACH 10. , 
J. L. HURK AND G. H. MER/, SECRET 

AtDC-TOR-64-179 AD-353160 
HEAT TRANSFER TESTS OF A TR;NS?IRATION-CCOlEO BOOST Cl IDF 
RE-ENTRY VEHICLE NOSE CONE. 
J. P. RHUÜY AND J. D. MAGNAN, JR., SECRET 

4FDC-TDR-64-183 AD-353324 
PRESSURE DISTRIBUÍ ION AT MACH 19 ON A MANEUVER ABLE RE-ENTRY 

VEHICLE. 
J. F. ROBERTS, A. H. BOUDREAU, AND R. A. WASSON, JR., SECRET 

• ■ 1 % M * p‘" \ y _ f. j.vjr* j' ■ % '' ■ ' ^ . • ■ ■>'' 

AFDC-TOR-64-204 AD-354244 
PRESSURE DISTRIBUTION TESTS ON A hOOST-GL IlJfc RL-ENTRY VEHICLE 
AT MACH NUMBERS FRUM 1.5 TO 10. 
J. C. USELTON, SECRET 

AE0C-T0R-64—205 AD-354562 
EFFECTS OM MASS ADDITION ON THL STATIC STABILITY CHARACTFRlSTICS 
OF A MANEUVERABLE RE-ENTRY VEHICLE AT MACH 10* 
J. L. BURK AND* J. 0. CARMAN, SFCRtT 

AEnC-TOR-64-223 40-354083 
AtROTHERMODYNAMIC CHARACTERISTICS OF A MANEUVERABLE RE-ENTRY 
vehicle at Supersonic and hypersonic mach numsers. 
J. t. BURK, S. D. MORRIS AND G. H. MERZ, SECRET 
f ••• . <' 5 * ' [ , V '•*. » ,./1 .‘v * r ' , 

AEDC-TDR-64-224 AD-354015 
STATIC STABILITY CHARACTERISTICS ANC PRESSURE DISTRIBUTIONS FOR 
SEVERAL MARK 12 CONF! DURATIONS .AT ¿UPFRSCNIC AND HYPERSONIC MACH 

NUMBERS. 
J. R. MYERS AND C. J. SPURLIN, SECRÎI 
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31. AEOC-Tí)R-f.^-?2ft ^0-450660 
INVESTIGATION OF STING SUPPORT INÍERFERENCl FFFFLTS UN THE 
DYNAMIC AND STAIIC STArtllllY CHARACTtKI SI I CO OF A IÜ-DEG CO it AT 
MACH NUMBERS ¿.5» 3.U ANO 4.0. 
B. L. USElTON 

32. AEDC-TUR-Í/4-238 AD- 3B4B47 
EFFECTS nc MASS ADDITION ON THE AERODYNAMIC HEATING AND DRAG 
CHARACTERISTICS OF A SLENDFR CONE wITH afro LIFT AT MACH 6 AND 10. 
0. L. DUNKIN AND J. 8.. CARMAN. SECRET 

» 

33. AFDC—TPR-64-77? ASTIC-009204 
COMPARISONS nr frce-flight and wind TIJNMCL data on slender cones. 
B. J. GRIFF!TH AND L. G. SILER 

34. AEDC-TN-60-61 ' A16-TN-60-61 
UN BASE PKFSSURFS AT HIGH REYNOLDS NUMBERS AND HVOFRSONIC MACH 
NUMBERS. 
J. D. WHITFIELD AND J. L. POTTER 
DATA ALSU FOUND IN REFERENCE 537. 

35. AEDC-TDR- ,4-?67 A0-ÎS5721 . 
DYNAMIC STABILITY TESTS OF THE MARK I? KE-CNTkY VEHICLE AT 
SUPERSONIC AND HYPERSONIC SPEEDS. 
A. E. HCDAPP, JR., SECRET 

36. AEDC-TOR-64-2?7 
STATIC ANO DYNAMIC STABILITY OF TWO SMALL SCALE 
MARK 12 RE-ENTRY VEHICLE AT IRANSUNIC SPEEDS. 
C. D. RIDULE, SECRET 

37. AEDC-TDR-6?-166 A16-T0R-62-166 
HYPERSONIC STATIC STABILITY UF BLUNT SLENDER CONES. 
J. D. WHITFIELD AND W. WOLNY 

38. AEDC-TR-65-3 AO-356590 
AN INVESTIGA I ION OF STATIC STABILITY AND ROLL CONTROL 
CHARACTERISTICS OF A MANFUVLRABLt FLIGHT TEST KF-ENÎRY VEHICLE 
AT MACH 19. 
J. F. ROPER T S AND A. H. BOUDREAU, SECRET ’ 

39. AEDC-TR-65-6 AD-356633 
DYNAMIC STABILITY TESTS OF FOUR MARK 1? DECOY CONFIGURAT IONS AT 
MACH 10. 
A. E. HODAPP, JR., CONFIDENTIAL 

AC-366365 
MODELS 0e THE 

i/ 
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40. AFDC-TR-f'5-H AC-3^66^? 
STATIC SIABIUTV CHARACTERISTICS OF FOUR MARX I? DFCUY 
CONFIGURATIONS AT MACH NUMBER 10. 
J. R. MYfRS AND C. J. SPURLIN* CUNFIOr.NlIAL 

41. AEUC-TDP- fi4- ? 14 
ALTI ruDt'-VELOCI TV 
C. H. LPW1S AND E. 

AI'-'tSHO 78 

TABLE ANO CHARTS FOR IMPERFECT AIR. 
G. BURGESS III 

42. AEDC-TR-65-39 AD-ÍS7032 
longitudinal static stability and urag characteristics of 
VARIOUS MARK 12 DECOY CONFIGURAI I UNS AT wACH IN. 
R. H. CAVCS. JR.t CONFIDEMTIAL 

43. AE0C-ï^-65-?8 ^0^3^0780 
LONGITUDINAL STATIC STABILITY AND DRAG CHARACTERISTICS OF THE 
G. E. MACH 1? RE-ENTRY VEHICLE AT MACH 19. 
R. H. EAVES, JR., SECRET 

44. AECD-TN-AO-93 * AT6-T J 60-93 
INVESTIGATION ÜE HYPERSONIC FLOW OVER BLUNTED PLATES AMO CONE, 
J. P. RHODY, R. S• HIERS, J. 0. RIPPEY 

45. AEOC-TDR-65-22 
'ME EFFECTS OF ACTIVE COOLING ON THE 

<ARACTE.<I STICS (JF SLENDER BODIES OF 
M.E.HILL5AMER ANÎ) S.R.MALLARD 

AD-45 75 74 
AERCITOFRMODYNAM 1 C 
RFVULUTION. 

I ■.. 

46. AFDC-TN-6I-164 
FORCE AND PRESSURE 
ru 5. 
J. H. JONES ANO J. 
DATA ALSO FOUND IN 

TESTS ON A OLUNT CONE 

S. DEI FERINO 
REFERENCE 53/. 

AI MACH NUMBERS FROM ? 

47. AEOC-TN-62-n „ „ 
FORCES AND PRESSURE TESTS ON A BLUNT CONE AT MACH NUMBER R. 
J. H. JONES AND J. S. DEITERING 
DATA ALSO FOUND IN REFERENCE 537. 

PRESSURE DISTRlFv-nON AND SHUCK SHAPE OVER BLUNTED SLENDER CONES 

AT MACH NUMBERS FROM 16 TO 19. 
C. H. LENIS 
DATA ALSO FOUND IN REFERENCE 537. 
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4<3. AEDC-TN-AO-1 73 
PRESSURE DISTRIBUTION TESTS OF SEVERAL Sharp LEADING EDGE WINGS, 
BODIES, AND BODY-WING COMBINATIONS AT MACH S AND R. 
R. E. RANDALL, D. P. BELL AND J. I. RURK 
DATA ALSU FOUND IN REFERENCE 537. 

50. AEDC-TDR-G4-277 ' AD-609841 
LAMINAR BOUNDARY-LAYER SEPARATION ON FLARED BODIES AT SUPERSONIC 
AND HYPERSONIC SPEEDS. 
J. Ü. GRAY 

51. AEDC-TR-05-67 AD-35H285 
HEAT-TRANSFER AND PRESSURE DISTRIBUTIONS UN A 6 DEG. CONE WITH 
SURFACE ROUGHNESS AND VARIABLE NOSE BLUNTNESS AI MACH. 10. 
0. L. DONKIN, CONFIDENTIAL 

52. AEDC-TDK-65-RO 416-T0K“65-a0 
DYNAMIC STABILITY CHARACTERISTICS OF A 10-DEG CONE AT MACH NUMBER 
20. 
R. H. URDAN AND P. J. SHANAHAN 

53. AEDC-TDK-64-7 AD-427313 
PURL ICATIUNS 
A RIBIOGPAPHY OF WORK SPONSORED BY AEDC, *ITH PUBLICATIONS 
LISTED IN CHRONOLOGICAL ORDER ACCORDING TO SUBJECT, ALSO 
CONTAINS AN AUTHOR index. 

54. AEDC-TR-65-62 AD-460154 
LIFT, DRAG, AND STATIC STABILITY OF A BLUNT CONICAL MODEL IN 
HYPERSONIC RAREFIED FLOW. 
D. E. BOYLAN 

» 55. AEDC-TDR*63-209 , AD-J436B? 
AN INVESTIGATION OF THE CONTROL EFFECTIVENESS AND STATIC STABILITY 
CHARACTERISTICS OF THE SPRINT SECOND STAGE CONFIGURATION AT MACH 
NUMBERS TF 2, 4, 6, AND 8. 
R. L. PAIKO, A. D. RAY AND R. L. DAVIS, CONFIDENTIAL 

56. AFDC-TR-65-99 AD-462716 
BOUNDARY LAYER TRANSITION UNDER HYPERSONIC CONDITIONS. 
J. L. POTTER AND J. D. WHITFIELD, CONFIDENTIAL 
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57. AEDC-TR-î.S-'î; ' AD-3599^0 
EFFECTS (F APL AT I ON ON THE DYNAMIC STABILITY CHARACTERISTICS 
AN 8 DEG CONE AT MACH 10. 
G. E. BURT AND J. H. GREGSUNt CONFIDENTIAL 

58. AEQC-TR-65-I 00 AO-46/717 
THEORETICAL AND EXPERIMENTAL STUDIES OF HYPERSONIC VISCOUS 
EFFECTS. 
C. H. LEUS ANO J. D. WHITFIELD 

59. AEDC-TR-F5-l06 AD-360760 
EVALUATION UF THE STATIC STABILITY AND CONTROL CHARACT ERlS T ICS 
OF A 9 DFG CONE USING FLUID INJECTION AS A CUNT ROL DEVICE. 
J. L. BURK AN!) J. E. BURDETTE, CONFIDENTIAL 

60. AEDC-TR-65-1/9 AD-361609 
PRESSURE DISTRIBUTION ON THE FINAL CONTROL SURFACE CONFIGURATION 
OF A MANLUVERABLF RE-ENTRY FLIGHT TEST VEHICLE AT MACH 10. 
J. L. BURK AND J. F. BURDETTE, SECRET 

61. AEOC-TR-65-135 AD-36202? 
STATIC STABILITY CHARACTERISTICS OF SLEIGH RIDE CONFIGURATION 
AT SUPERSONIC AND HYPERSONIC MACH NUMBERS. 
J. R. MYLRS AND C. J. SPURLlN, SECRET 

62. AEDC-TR— 65-1 55 AD-362994 
STATIC SlABIUTY TEST ON AN B DEG CONE WITH. ABLATION AT MACH 10. 
F. K. HUBE, CONFIDENTIAL 

63. AEDC-TR-65-156 ' AD-362983 
DYNAMIC STABILITY CHARACTERISTICS OF A RE-ENTRY VEHICLE. 
8. L. USfLTON AND J. H. GREGSÜN, SECRET 
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TRANSACTION Or THE SECOND TECHNICAL WORKSHOP ON DYNAMIC STABILITY 
TESTING, HELD AT AEDC APRIL 20-22, 1965 

VOLUME I 

64. mass transfer-dynamic stability testing in the w4vf super¬ 
heater. HYPERSONIC FUNNEL. 
D. Ü. COL OS I MO, CORNELL AERONAUTICAL LAB1.? A TUR Y 

65. STABILITY INVESTIGATIONS DURING SIMULATED ABLATION IN A 
HYPELVFLUClTY WIND TUNNEL. 
C. J. STALMACH, LHG TEMCU VCUGHT 

66. NOSE BLUNTNESS EFFECTS UN THE STABILITY DERIVATIVES OF SLENDER 
CCNE S. 

0. WALCHNER AND J. T. CLAY, ARL, WRIGHT-PAT IERSON AFB 

VOLUME II 

67. INSTRUMENTATION AND TECHNIQUES USED AT THE NAVAL ORDNANCE 
LABORATORY FUR THE DC TERMI NA 1 ION OF DYNAMIC DERIVAIIVES IN 
THE WIND TUNNFL. 
F. J. REGAN, U. S. NAVAL ORDNANCE LAB 

68. INFLUENCE OF BOUNDARY-LAYER TRANSITION ON DYNAMIC STABILITY 
AT HYPERSONIC SPEEDS. 
I . K . WARD, ARO, I JC. 

69. SAND IA CORPORATION REPRINT 
DYNAMIC STABILITY DERIVATIVES FOR A 
NUMBERS FROM 0.5 TO 21. 
E. C. RIGHTLEY 

SC-K-65-90 ! 
io deg aivjNT cune at mach 

70. FREE FLIGHT CONE DYNAMIC STABILITY TESTING AT HIGH AMPLITUDES 
OF OSCILLATION. 
B. DAYMAN, JR., JET PROPULSION LAB 

71. DYNAMIC STABILITY TESTING TECHNIQUES AT THE JFT PROPULSION 
LABORATORY. 

R. H. PRISLIN, JFT PROPULSION LAG 
<* 

VOLUME HI , IG-6T4-34T 

72. SIMULATION AND ANALYSIS OF THE EFFECT ON DYNAMIC STABILITY OF 
MASS ADOfflON FRUM A CHARRING ABLATION. 
M. L. ROBERTS AND P. Q. CLINE, GENCRAL FLECTRIC’ CO., SECRET 
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n. Ar.DC- IR-65-166 AD-A63^09 
FUkCt TcSli Jn A Kt-t*NrtlY CÜNr IGDRAT1ÜN AT MACH 2 THKÜÜ^H 6. 

J. H. JUHCSi SCCKkT 

?A. AEDC-rN-65-237 Ai)-367O0^ 
tFFtCTS OF SYNMfcTkICALLY DISTkIHUTED MASS ALGITIün UN THE SURFALc 
PKfcSSUHES UF A 9 DEG C'JNt AT MACH NUMBERS 2, AND 6 
S. R. PATE AUD l. M. JEuKL, SfcCREf 

T j. AEDC~TR-(.3-2 îU 
SUPIRSÜNIC Ar RüUYNAHlC CHAKaCíhRI ST ICS UF 
MARE CÜNF ICJKA f 1UN wUH DISTRIDUIED MASS 
S. R. PAlt AND L. M. JENKk» SECRET 

Aü-467^64 
A HLUNI CONE CYLINDER 
ADIrIÙN 

7<>. AEüC-fR-ftS-ZVt *d-o¿í'ii 
A COMPARISON DF EXPERIMENT AL AND THEüRtI 1C ALLY PREüICTED PRESSURE 
DISTRIBUTIONS ANO FORCE ANO SIAßlLiTY COEFFICIENTS F-UR \ 
SPHERICALLY BLUNTED CONE AT M-IP AND ANGLLS Of AI TACK 
E. C. KNUX A NU C. H. Lfci»IS 

77. Afcf)C-TR-Ob-IH AÛ-369614 
EFFECTS UF SYMMETRICALLY DISTKIBUrED MASS ADDITION ON TMh AERO- 
OYNAMIC CHAKACTERIST ICS Of A 9 CFG CONE AI MACH NUMBER \.97 

S. R. PATEtSt CRLT 

78. ALDC-TR*b6-M AU—869809 
EFFECTS OF NI*St ÖLUNINESS AND BASE SHAPi: UN THE DYNAMIC STAGILITY 
CHAKACTERISTlCS OF AuLAIING ANO NONAbLATING t DEG CONES AT MACH 10 
G. £. BURT AND J. H. GRFGSDN* CONFIDENTIAL 

79. A£DC-TR-t>6-i<* Aü-3/0T29 
LATERAL JcT InTlRAUION cFFECTS UN A 9 DEG CONE AT MACH 10 
M« T. STRIKE» UR. 

80. ALDC-TR-òO-4r> AD-371’88 
AN EXPERIMENTAL STUDY OF AEROOYNAhlC FORCES UN LlFUNo RUDIES 
UNDER THF INFLUENCE -*F SI RUNG VISCOUS INTERACTION 
D. E* BUYLAN» CONFIDENTIAL 

81. AEDC-TR-66-S0 AD-870876 
LARGE AMPLlfODfc DYNAMIC STABILITY TEST OF THE MARK 12 REENTRY 

VEHICLE AT MACH iU 
b. L. USfcLTON ANO J. H. GREGSON 

82. AEDC-IR-b6-lb AD-63i149 
EOUATIQNS AND CHARTS I OR THF. EVALUATION GF FORCES ON SPHERICALLY 
BLUNTLÜ CCNES BY THE NEWTONIAN TMEURY 
L. L. TRIMMER 
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NATIONAL ADVISORY COUNCIL FOR AERONAUTICS 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

101. NACA RM LSIJOO ,, , 
AN INVESTIGATION dF THE AERODYNAMIC CHARACTERISTICS IjF A >ERIFS 
CF CONE-CYLINDER CONFIGURATIONS AT A MACH NUMBER OF 6.8f>. 
R. D. COOPER AND R. A. RUlilNSON 

102. NACA RM A52E22 
FORCES AND MQMFNTS ON POINTFO ANC bLUNT-NOSED dODIES UF 
REVOLUTION AT MACH NUMBERS FROM 2.75 TO 5.00. 
D. H. CfENNtS AND B. t. CUNNINGHAM 
DATA ALSO FOUND IN REFERENCE 537. 

103. NACA PM E52C10 
AERODYNAMICS OF SLENDER BODIES AT MAÇH NUMBER OF 3.12 AND 
RFYNOLDS NUMBERS FROM 2- TO 15,000,000. II - AERODYNAMIC LOAD 
DISTRIBUTIONS OF SERIES OF FIVE BODIES HAVING CONICAL NOSES AND 

CYLINDRICAL AFTERBODIES. 
J. R. JACK AND L. I. GOULD ' 

104. NACA TN 2423 
THEORETICAL AERODYNAMIC CHARACTERISTICS OF BODIES 
MOLECULE-FLOW FIELD. 
J. R. STALDER ANO V. J. 7URICK 

IN A FREf- 

105. NACA TN 3213 
I RAN SON IC FLOW 
G. F. SOLOMON 

pa:t cone cylinders. 

l, ! 

106. NACA TN 3‘34D 
APPLICATION OF 1 HF. GENF RAL I/ED SHOCK-EXPANSION METHOD TO 
INCLINED BODIES OF REVOLUTION TRAVELING AT HIGH SUPERSONIC 

AIRSPEEDS. 
R. C. $ A V î M 

-.1½ 4 - • ** „ ,M. , ' 11 » ' 

107. NACA TN 3393 
AN EXPERIMENTAL INVESTIGATION OF THE BASE PRESSURE 
CHARACTERISTICS OF NON-LIFTING BODIES OF REVOLUTION AT MACH 
NUMBERS FROM 2.73 TO 4.9B. 
J. 0. RELIER, JR. AND F. M. HAMAKER 

iOd. NACA TN 3019 ' _ , 
BASE PRESSURE at SUPERSONIC SPEEDS ON TWO-DIMENSIONAL AIRFOILS 
AND ON BODIES OF REVOLUTION WITH AND WITHOUT FINS HAVING 
TURBULENT BOUNDARY LAYERS, 
t. S. LOVE 

109. NACA TN 3/88 , r ‘ 
STABILITY DERIVATIVES OF CONFS AT SUPERSONIC SPEEDS. 
M. TOBAK AND W. R. WEHREND 

4- k i 
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NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION » 

ll0* EXPERIMENTAL STUDY OF THE EQUIVALENCE OF TRANSONIC ^OW ABOUT 
SLENDER CONE-CYLINDERS OF CIRCULAR AND ELLIPTIC CROSS SECTION, 

W» A• PAGE 

111. NACA TN AÎ27 
HYPERSONIC VISCOUS FLOW OVER SLENDER CONES. 
1. TALBOT, T. KOGA, AND P. M. SHERMAN 

112. NACA REPORT 137b 
ELLIPTIC CONES ALONE AND WITH 
L. H. JORGENSEN 

WINGS AT SUPERSONIC SPEEDS. 

113. NACA REPORT 13H6 OCL. 
INVESTIGATION OF THE DRAG OF VARIOUS AXIALLY SYMMETRIC NOSE 
SHAPF.S OF FINENESS RATIO 3 FOR MACH NUMBERS FROM 1.24 TO 7.4. 
E. W. PERKINS, L. H. JORGENSEN, AND S. C. SOMMER 

114. NASA MEMO 2-22-SQL 
SOME STATIC, OSCIllATORY, 
AT LOW SUBSONIC SPEEDS. 

* J. M. LICHTENSTEIN, L. R. 

AND FREE-BODY TESTS OF BLUNT BODIES 

FISHER, S. H. SCH*' R, AND G. E. LAWRENCE 

115. NASA TR R-2 nc TijC 
SLENDER-BODY THEORY BASFD ON APPROXIMATE SOLUTION OF THE 

TRANSONIC FLOW EQUATION. 
J. R. SPRFITER ANO A. Y. ALKSNE 

116. NASA TR R-50 ,-c -c 
APPROXIMATIONS FOR THE THERMODYNAMIC AND TRANSPORT PROPERTIlS uF 

HIGH TEMPERATURE AIR. 
C. F. HANSEN 

117. NASA TR R-I27 ^ , , 
TABLES OF AERODYNAMIC COEFFICIENTS OBTAINED FROM DFVLlOPlü ^ 
NEWTONIAN EXPRESSIONS FOR COMPLETE AND PARTIAL CONIC AND SPmFRU 
BODIES AT COMBINED ANGLES OF ATTACK t NO SIDESLIP WITH SQMc 
COMPARISONS WITH HYPERSONIC EXPERIMENTAL DATA. 
W. R. WELLS AND W. 0. ARMSTRON 

118. NASA TR R-209 
A STUDY OF NONLINEAR LONGITUDINAL 
M. TOBAK AND W. E. PEARSON 

DYNAMIC STABILITY. 

114. NASA TN 0-44 
SOME ASPECTS OF AIR-HELIUM SIMULATION AND HYPERSONIC 

APPROXIMATIONS. 
E. S. LOVE, A. HENDERSON, JR. AND M. H. BERTRAM 
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l?&‘ WORKING CHARTS FOR RAPIO PREDICTION f)T FORCE AND PRESSURE 
COEFFICIENTS ON ARBITRARY BODIES OF RFVOLUTION BY CS*- F 

NEWTONIAN CONCEPTS. 
R, W. RATNFY 

l2U !ÎeaSUREMFNîI90F PRESSURE ANO LOCAL HEAT TR^SFER ON A 2° OEG 
CONE AT ANGIES OF ATTACK UP TO 20 OEG FOR A MACH NoMhER OF 4.9S. 

J. D. JULIUS 

EFFECTS OF CONE ANGLFt MACH NUMBER» AND NOSE BLUNTING ON 
TRANSITION AT SUPERSONIC SPEEDS. 
K. R. CZARNECKI AND M. W. JACKSON 

12 U PRESSURE1 ME ASURMENTS ON SHARP AND ßLUNT S DEG - AND ~ 
HALF-ANGLE CONES AT MACH NUMBER 3.86 AND ANGLES OF ATTACK TO 

LOO CEG. 
J. L. amick 

^ AFRODYNAmÍc^ORCfc CHARACTERISTICS OF A SERIES UF U^ING ^ONF ANU 
CONE-CYLINDER CONFIGURATIONS AT A MACH NUMBER OF 6.83 AND ANuL.S 

OF ATTACK UP TO 130 DEGREES. 
J. A. PENLAND 
DATA ALSO FOUND IN REFERENCE S37. 

l25* UNSTEADY1AERODYNAMIC FORCES ON A SLENDER BODY OF REVOLUTION IN 

SUPERSONIC FLO’*. 
R, ROND AND B. 3. PACKARD 

l?fc. ^^Hg^1¡JHl5]^ULAÍ|0N 0F AfcROCYNAMIC TORCE COEFFICIENTS OF 

CONES AT HYPERSONIC SPEEDS 
r l . LADSON AND T. A. ÖI.ACKSTOCK 
appendix-design and calibration cf three helium nozzles in the 

LANGLEY 11 INCH HYPERSONIC TUNNEL. 
U. L. DARADEL AND T. A. BLACKSTOGK 

Stability investigation of a biuNTED cone ano a blunted ogive 
WITH A FLARED CYLINDER AFTFREODY AT MACH ^UMBERS FROM D.30 TO 2.8, 

L. C. COLTRANE 
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l C8. NASA TN D-1606 
AERODYNAMIC CHARACTERISTICS AT A KArH NUMBER OF 6.77 DE A Q [iCG 
CONE CONFIGURATION, with and without spherical aftfrbooks, ai 
ANGLES OF ATTACK UP TO ISO PEG WITH VARIOUS DEGREES GF NOSE 

8i UNUNG. 
L. NEAL, JR. 
DATA ALSO FOUND IN REFERENCE 537. 

129. NASA TN D-1768 , 
AN EXPERIMENTAL cVAlUATION OF AERODYNAMIC DAMPING MOMENTS OF CONES 
WITH DIFFERENT CENTERS Oc ROTATION. 
W. R. WEHREND, JR. 
DATA ALSO FOUND IN REFERENCE 537. 

130. NASA TN D-2184 
FORCE—COEFFICIENT AND MOMENT-COEFFICIENT CORRELATIONS AND AIR- 
HELIUM SIMULATION FOR SPHERICALLY BLUNTED CONES. 
J. E. HARRIS 

131. NASA TN D~??3? 
STATIC S TAB 1 LI Í Y CHARACTERISTICS OF BUNT LÜW-FI Nr,ME5 S-P A f IÜ 
BODIES OF REVOLUTION AT A MACH NUMBER OF 24.5 IN HELIUM. 
R. D. WITCOESKI AND W. C. WOODS 

132. NASA TN D-22B3 
A STUDY OF 1 HE STABILITY AND LOCATION OF THE CENTER OF PRESSURE 
ON SHARP, RIGHT CIRCULAR CONES-AT HYPERSONIC SPEEDS. 

J. A. PENLAND 

133. NASA TN D-2339 
CORRELAT ION GRAPHS FOR SUPERSONIC FLOW AROUND RIGHT CIRCULAR 
CONES AT ZERO YAW IN AIR AS A PERFECT GAS. 
M. H. BERTRAM 

134. NASA TN C-2489 
LONGITUDINAL CHARACTERISTICS OF SEVERAL CONFIGURATIONS AT 
HYPERSONIC MACH NUMBERS IN CONICAL AND CONTOURED NOZZLES. 

J. P. ARRÎNGTÎON, R. C# JOINER, JR. AND A. HENDERSON, JH. 

135. NASA TM X-194 
DAMPING IN PITCH AND STATIC STABILITY OF A GROUP OF- BUNT BODIES 
AT MACH NUMBERS FROM 0.60 TO 0.95. 
H. S. FLETCHER, CONFIDENTIAL 

136. NASA TM X-369 
WIND-TUNNEL TESTS OF THE STATIC AND DYNAMIC STAi IlIIY 
CHARACTERISTICS OF FOUR BALLISTIC RE-ENTRY BODIES. 
W. R. WEHREND, JR. AND D. E. REESE, JR., CONFIDENTIAL 

D2-56139-1 

159 



NATIONAL ADV I SOR V COUNCIL MjR AFRONAUT 1C ^ 
NATIONAL AERONAUT ICS tiM) SPACE ADMINISTRATION 

137. NASA TM X-Ö4S 
INVESTIGATION AT TRANSTiNIC MACH NUMBERS OF THF EFFECTS OF 
CONFIGURATION GEOMETRY ON SURFACC PRESSl'Rt DISTRIBUTIONS FOR A 
SIMULATED LAUNCH VEHICLE:. 
T. C. KELLY, CONFIDENTIAL 

rití. NASA TM X-9S0 

A STUDY OF THE STABILITY AND DRAG OF SEVERAL AERODYNAMIC SHADES 
IN AIR, CARBON DIOXIDE, AND ARGON AT MACH NUMBERS FROM j TO 8. 
G. P. MENEES aND W. G. SMITH, CONFIDENTIAL 

139. NASA SP-3004 

TABLES FOR SUPERSONIC FLO'w AROUND RIGHT CIRCUIAS CONES AT ZERO 
ANGLE OF ATTACK. 
J. L. SIMS 

140. NASA SP-3ÜU7 ASUC-001742 
TABLES FOR SUPERSONIC FLOW AROUND RIGHT CIRCULAR CONES AT SMALL 
ANGLES OF ATTACK. 
J. L.'SIMS 

141. NACA RM A51K27 
BCD I ES OF REVOLUTION FOR MINIMUM DRAG AT HIGH SUPERSONIC 
AIRSPEEDS. 
A. J. EGGERS JR., D. H. DENNIS, AND M. M. RESNIKUFF 

142. NASA TN D-18P0 
MEASUREMENT OF HEAT TRANSFER TO BÜCIES OF REVOLUTION IN FREfc 
FLIGHT BY USE OF A CATCHER' CALORIMETER. 
G. T. CHAPMAN, C. T. JACKSON, JR. 
DATA ALSO FOUND IN REFERENCE 537. 

143. NACA REPORT IÛ61 
A STUDY OF SECUND-OROFR SUPERSONIC FLOW THEORY. 
M. D. VANDYKE 

144. NACA TN-3391 

FR6E-FLIGMT MEASUREMENTS OF I URBUL LNT-BOUNDAP Y LAYER SKIN 
FRICTION IN THE PRESENCE OF SEVERE AERODYNAMIC HEATING AT 
MACH NUMBERS FROM 2.8 TO 7.0. 
S. C. SOMMER AND B. J. SHORT 

145. NACA Hí-406 3 

EQUATIONS, TABLES AND FIGURES FOR USE IN THE ANALYSIS OF HELIUM 
FLOW AT SUPERSONIC AND HYPERSONIC SPEEDS. 
J. N. MUELLER 

146. NASA TR R-7 

TURBULENT BOUNDARY LAYLR ON A YAWED CONE IN A SUPERSONIC STREAM. 
W. H. BRAUN 

■k. 4 

Û2-36139-1 

160 



NATIONAL ADVISORY COUNCIL FOR AERONAUTICS 
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147. NASA TR R-82 
TURBULENT SKIN FRICTION AT HIGH MACH NUMBERS AND REYNOLDS NUMBERS 
IN AIR AND HELUIM. 
F. W• MAIUNG, D. h. CHAPMAN, J. R. NYHOLM, AND A. G. THOMAS 

148. NASA MEMO 10-?tí-58L 
AERMODYNAMIC CHARACTERISTICS OF SOME FAMILIES OF BLUNT BODIES AT 
TRANSONIC SPEEDS. 
L. R. FISHER, A. L. KEITH JR., AND J. R. OICAMILLO 
DATA ALSO FOUND IN REFERENCE S17. 

149. NASA TN D-17B1 
EFFECTS OF NOSE BLUNTNESS, FINENESS RATIO, CONE ANGLE, AND MODEL 
BASE ON 1 HE STATIC AERODYNAMIC CHARACTER I ST ICS OF BLUNT BODIES 
AT MACH NUMBERS OF 1.57, 1.8Û, AND ?.16 AMD ANGLES OE ATTACK UP 
TO 180. 
Ü. S. SHAW, D. E. FULLER AND C. D. BABB 

150. NASA TN 0-2201 
LONGITUDINAL AERODYNAMIC CHARACTERISTICS OP BLUNTED CONES AT MACH 
NUMBER OF 3.5, 4.2, AND 5.0. 
J. rt. KEYES 
DATA ALSO FOUND IN REFERENCE 537. 

151. NASA TN 0-95? 
LAMINAR HLAT-TRANSEER AND PRESSURE MEASUREMENlS AT A MACH NUMBER 
OF 6 ON SHARP AND BLUNT 15 DEG. HAL F-ANGl E CONES AT ANGLES OF 
ATTACK UP 90. 
R. J. CONTI 
DATA ALSO FOUND IN REFERENCE 537. 

152. NACA REPORT 1135 
ECUATIONS, TABLES ANU CHARTS FOR COMPRES S IBLE FLOH. 
AMES RESEARCH STAFF 

153. NACA RML53H21 
INVESTIGATION OF REYNOLDS NUMBER EFFECTS FOR A SERIES OF 
CONE-CYLINDER BODIES AT MACH NUMBERS 1.62, 1.93 AND 2.41. 
C. E. GRISBY AND E. L. OGUURM 
DATA ALSO FOUND IN REFERENCE 537. 

* . :r,* ÄN # ' •*'' ' » ■ r ■ 

154. NASA TN D-1379 
STATIC LONGITUDINAL STABILITY AND PERFORMANCE OF SEVERAL BALLISTIC 
SPACECRAFT CONFIGURATIONS IN HELIUM AT A MACH NUMBER OF 24.5. 
P. J. JOHNSON AND C. D. SNYDER 
DATA ALSO FOUND IN REFERENCE 537. 

D2-36139-1 
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NATIONAL ADVISORY CGUNCU FOR AFRÜNAUT ICS 
NATIONAL AfRONAUTICS AND SPACE ADMINISTRATION 

THfc EFFECT OF OlUNTNfcSS ON THE DRAG OF SPHERICAL-T 1PPED TRUNCATED 
CONES OF FINENESS RATIO 1 AT MACH NUMBERS 1.2 TO 7.4. 

S. C. SOMMER AND J. A. STARK 
DATA ALSO FOUNU IN REFERENCE S!*?. 

2 r 9 L 
WIND-TUNNEL INVESTIGATION AT MACH NUMBERS FROM 1.60 IC) 4.50 OF 
THE STATIC-STABILITY CH ARAC TER i S T ICS OF TWO NONLHTING VEHICLES 

SUITABLE FOR re-entry. 
K. L. TURNER AND 0. S. SHAW 
DATA ALSO FOUND IN REFERENCE 537. 

157. NASA TN D-2C62 
A WIND-TUNNEL INVESTIGATION OF THE EFFECT OF CHANGES IN DASE 
CONTOUR ON THE DAMPING IN PllCh OF A BLUNTED CUNE. 
W. R. WEHREND, JR. 
DATA ALSO FOUND IN REPERENCL 537. 

COLLECTION OF ZERO-LIFT DRAG DATA ON BODIES OF REVOLUTION FROM 
FRfcE-FLlGHT INVESTIGAIIONS. 
W. 6. STCNEY, JR. 

INDUCED PRESSURES AND SHOCK SHAPES ON BLUNT CONES IN HYPERjONIC 

FLOW. 
R. D. WAGKCR» JR. AND R• WAISON 

160. NASA TN D-342 „ ' 
EXPLORATORY STUDY OF JTHF RFOUCIION IN FRICTION CRAG DUE TO 
STREAMWISE INJECTION OF HELIUM. 
B. L. SWENSON. 

161 NASA TN D-2766 
AERODYNAMIC CHARACTER 1ST ICS OF TWO TRAILBLAZER II BLUNIEl) 9 DEG. 
CONE REENTRY BODIES AT MACH 6.8 IN AIR AND 21.2 IN HELIUM. 
H. R. SCHIPPfcLL, L. NEAL. JR.. AND D. C. MARCUM, JR. 

1 

. £ 

jJ 

AERODYNAMIC FORCE AND MOMENT CHARACTERISTICS OF SPHERES AND CONES 
AT MACH 7.0 IN MfcTHANE-AlK COMBUSTION PRODUCTS. 

L. R. HUNT 
4 

STATIC STABILITY CHARACTERIS TICS OF A SERIES OF HYPERSONIC 600ST 
GLIDE CONFIGURATIONS AT MACH NUMBERS OF 1.41 AND ?.0l. 

G. V. FOSTER 

D2-56159-1 
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NATIONAL A6RIWAUTICS AND SPACP ADMINISTRATION 

164- sÎkÎoÎHAWS”uCTUATINC ARtSSURES AT TRANSONIC SAttCS ON TRO SRACE 

VtHlCLE PAYLOAD SHAPES. 

C. F. COE 

IbS. NASA TM X“3ll _ » riM nf ThF AERODYNAMIC CHARACTtR IS^ ICS OF 
A WIND-TUNNHL INVESTIGATION Uf ,L^UÎ nc 2 AND 3.90 AT 
BODIES OF REVOLUTION AT MACH NUMdlRSJ* 
ANGLES OF ATTACK TO 90 DEG. 

F, M. SMITH 

li>6‘ INVESUgÏtÎoN OF THF PRESSURÍ OISTRIBUTIONS ON KtfcNIRY NOSE 

rr/cilsÄ «rScOEARMO^^NO «. N. «MNEY. CONE,»ENT,AC 

167* NASA TM X-5A3 nF Tw() cpijigs OF BLUNTFD 

DECT ^PLANEORN^MODEL^MlTh^SEVERAL^ CROSS'SECTION Ai SHAPES EOR 

rÄXÜÄ R? - -i,S. ... CCNFIOEN, TAL 

U8- SUPERSONIC^AERODYNAMIC CHARACTER,STICS OE TRUNCO, SR PLAN-EORM 

MODELS at ANGLES OF ATTACK TU 90 
L. E. WIGGINS AND G. 6. KAAlTARI. CONFIDtNMAL 

tfc9. NASA TM X-S8R r u\o \C Tm i ICS OF 10W-L l FT-D«Ai#-RAF IÛ 

KEEN TRY VEHI CCES^F RCJP,C SUdSON IC^ TO^ HYPE RSONIC SPEEDS. 

R. w. RAINEY, CONFIDENTIAL 

170. NASA TM X-536 ru\oîpr1STICS OF SEVERAL SERIES OF LIFT- 
HYPERSONIC AERODYNAMIC CHARACTER ISIILb ur 
ING BODIES APPLICABLE TO REF.«TRY. 
W. 0. ARMSTRONG, CONFIDENTIAL 

l7U a&wÎnd-tunnel INVESTIGATION or tFFiCr^ OF NOjE ®^fT^;sT^s 

AN0 3-90- 
F. M. SMITH, CONFIDENTIAL 

l72‘ oÎnÎmK DIRECTIONAL STABILITY CHARACTERISTICS FOR A GROUP OF • 

^ :rLNEi:YRrAl.EKa-ORErACNDUt.SR! hÛ^F, CONFIDENTIAL 

D2-56139-1 
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NA TI IML 
NATIONuL 

AUVr^ORY COMMIT! te tUR ALRUNAUT ICS 
AERONAl'TICS AND 5,RACE ADM INISTRATI ON 

1T3# ?«€ aiD,H8T0SKIN TEH^RATURL AND SUREACC PRESSURE Mi ASU^MENTS ON 

A HIGHLY PUL l jHED NUbE HAVING A 100 uEG 
10 DEG HALF-ANGLE CONICAL FLARE SECTION OP TO A HA..H NU DER OF 

4.OR. 
». RASH l ^ AND A. C. DONO 

Q RiRM CîTJ2*! 

l7H# c[jMp ^FFlCTS UF REYNOLDS NÜMÛCR ON IHE STAblUTY UF A SERIES OF 
FLARED-BOOY AND ttLUNfEU-CONr MODELS AT MACH NUMBERS FROM 1.6? T 

6.86. 
A. 0. KCHLET, CUNFlOlNTlAL 

L^Jm an*1 L X PL R l ME N T AL AND THEORETICAL INVESTIGATION OF THE PRESSURE 
DISTRIBUTION rtND FLOW FIELDS Of- BLUNTED CONES AT HYPERSONIC MACH 

numbers. 
J. <t. CLTARY 

^6- XÍRSomMC^HAMCUUSUCS or SÍ-HfcKlC»OLY flL'ÍNTtt) CONE«; At n.ch 

NOMrt»-«S FROM C. 5 TO r> 

R, V. OMENS 

in* JSnU^ANO H0NEN1S ON INCLINED tOCIES AT MACH NUM8cHS f»OM Î.0 

TO 6.} 
D. H. DENNIS AND '0,. ... CUNNINGHAM 

Ue' EXHtßIHEitAL^SrAttILITY AnC UKAG OF A MOInTEO AND A «ÇUNTEO )0 DEG 
HALF ANOLc CUNE AT MACH NUMBERS FROM 11.S TO 34 IN AIR 

P. F. IwTRItTl 

,/9* AfeRDOYNAMIC^CHAFACTERISTlCS OF THc SHARP RIGHT CIRCULAR CONE A! 
MACH ¿0.3 AND ANGLES OF ATTACK TO 110 OLo IN HELIUM 

D. V. MADDALOn 

l£,U* TRANSONIC AERODYNAMIC CHARACTERISTICS OF A SERIES Of RE* ATfcD 
BODIES mITH cross sectional ELLIPTICITY 
B. SPENCEk, JR. 

lbl# U^AK^eIodUamK LOADS ON CCNE-CYLINDRS at MACH ¡.UMôE0S FROM 

0.7 TO 2 
R. L. HAMMER AND A. 0. LCFf 

HOT LTR A 
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NATIONAL AOVISÜKY GOHH1TUÊ TU« AfcRONAOT ICS 
NAIIÜnAl AERONAUT ICS ANO SJACfc AD^INlST RATiON 

í(,‘' EFFECTNOF*R(JUY NUSt *LUNU*G. CüNTKÛl PLANFORM AREA, LE'JülNÜ cOSt 
aLUNTNtSS G N ALRODYnAMIC CONTKCU OF A 5 OLG Si:MlVc«TfcX TONE AT A 

MACH NUNbtR t..9 
J. A. PfNLANO 

ÏÔU NCwTOnÏan*a!ruOYNAMIC LHARACTfcMSTICS OF BLUNTED RIGHT UlITICAL 
CONlS fop CUNfc THICKNESS PATIuS OF 0.2i TO > 
k. h. GRAHAM, R. H. lAMIT AND PAUL 0. ROI'fc«t 

STAGNATION ANO SIATIC PRFSSUKP. ON A NUSl-MOONI ED li UtG CONICAL 
PROiifc WITH VARIOUS FuRfcTOOY CONFIGURATIONS 

l, K. CUATLS, JR. 

iaj* NEWTONIAN AcnUDYNAMIt S F.JK BLUNTED RAKEO-OfF CIRCULAR C^NtS AND 

rakld-uff elliptical conis 
L. E. MAYO, K. H. LAMI) AND P. 0. ROMcKl 

136. NASA TN D-3t)ifT rr.n,..- ,,. AT'.rv 
SUPERSONIC AERODYNAMIC CHARACTERISTICS OF A >ERlc$ UF R LA lO 
rtODILS WITH CROSS SCCUON ELLIPUCITY 
R. H. FOURNÍLR, Ö. SPENCER, JR • » ANO W. A. CURLEW 

131 ' üîmCAtïôfar oestMti/tu newi^um th-üry ru ihru ui«tNStONju 
SHARP NOSE SMuCK OETySCHLD BGOIES At MACH 6 FOR ANGLES OF ATTACK 

UP TO 2S UCG 
G. C. ASHJY AND T. J. GOLDBERG 

1 

RKV LTR A 
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'WC U COkïH'KA ribN, RtStrAkCH 4^0 AüVAWCtO Dfc VfcU)PMt:jT DIVISION 

?Oi. R Al)-SR~6 J- i AO-Ji/038 
STATIC FUHCt CATA Of PHASE il MARK il CüNUG'JRATIONS AT MACH 
NUMBERS FROM 0.4 TO - O 
P. M. NOZZOULlUt CONFIDENT! AL 

¿O?. RAD-Tk-bA-l) AU-350^47 

SJMMARY KI.PüKT üF THL STAHL WIND TUNNEL AND DYNAMIC STABIL! I Y 
TESTS FUR THF LURV PROGRAM 
G. CHAUNICK, M. DtGrN» J. GKfcCOi J. GRIMES, \N0 J. UTIS. SECRET 

203. RAD- f R-64-21 4«i-3Slf97 
SUMMARY REMUAT UT Thr. SI AT IC WIND TUNNEL AND DYNAMIC STABILITY 
TESTS fÜK THE MARK li DE CUY PKüGRAM 
M. UhGtN AUD A. W. NELSON» SECRET 

/04. RAO-Ik-óZ-¿tí AU-¿5i7l4 
SUMMARY RtPûRT ÜF Thh STATIC WiNü TUNNEL AND BALLISTIC °ANGE 
TESTS FUR THE MARK il PROGRAM 
G. CHADwICK, M. DEGLU» P. NUZZOLLILU. ANU T. SEUERS, C0NF1DENIIAL 

205# RAD-TM-6/-Í10 AD-400497 
AERODYNAMIC tTFECT S UF SLUNIING UN CONICAL tTODIfcS 
H. SCHMIDT AND W. VAN TASSfclL 

? Ob. RAn-SR-b¿-8 
STATIC FORCE AND PRESSURE DATA OF PHASE J MAWK II CUNFI GURA fI UNS 
AT MACH NUMBERS FROM 0.4 IU 20 
P. M. JZZOLILLU, CUNFIOLNTIAL 

¿07. RAÜ-TM-64-34 AÜ-443900 
A LINEARIZED ANALYSIS CONCERNINf. BOUNOAkY LAYER CFEECTS UN THE 
STATIC AND DYNAMIC BEHAVIOR OF SLENDER, ABLATING AND NUNA0LA TING 
BODIES 
N. THYSON 

/08. RAD-TM-65-l, VOL. 3, P. 113-121 AU-35Ò497 
RE-ENTRY ENVIRONMENT AND SYSTEMS TECHNOLOGY (REST) SEMI-ANNUAL 
PRÜGHLSS REPORT, 1 JULY - 31 DEC 1964 
SECRET 

/09. RAÜ-SK-Ò4-307, ADDENDUM ! AU-363^97 
LOW-OBSERVABLE REENTRY VEHICLE L-l PRELIMINARY FLIGHT EVALUATION 
REPORT 
SECRET 

210. 

( 

RAC-SR-65-P5V 
LOW-OBSERVABLE 
SECRET 

REENTRY VEHICLE 
40-366^03 

L-4 FLIGHT EVALUATION REPORT 

REV LTR A 
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WCü CUKPOKATfUN, K6it ARCH AND ACvANCtD LtVELOPMfcNÍ DIVISION 

21 i. AERL 64-aiî> AU-353‘>59 
A PARAMETRIC STUDY üE THE STABIL!fY Uh CUNES 
I, FKANK, W. HOUSE AND K. NUKLINf,, SECRET 

21?. RAD-fM-6S-3S AU-364642 
DYNAMIC STAtíltllY WiTh MASS ADDITION GROUND TESTING TECHNIOUES 
AND RESULTS 
A. M. NELSON« CüNHuEMHAL 

213. KAÜ-TM-G5-36, VUL. lit P. 93 - 111 AÙ-364-»i6 
REENTRY ENVIRONMEHT AND SYSTEMS T c CHNULUGY (PEST I SEMIANNUAL 
PROGRESS RCPORT» l JANUARY - 30 JUNE 1965 
ScCRLT 

214. same as reference 213# p. ii3-i?o 

? 10. RAD-SR-OÓ-31• VUL. I AU-3T0054 
10« OíiSCRVAGLL REENTRY VEHICLE FLIGHI TEST PROGRAM SUMMARY REPORT 

SECRET 

:> RËV LTR A 
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CHKYSUK CíIRPURATiUU MISSlLfc ülVISION 

SOI. BSD-1DR-03“ilo AD-336038 
iNVfeSTIGATION Uh ÔOUNDAHY LAYER TRANSITION HP RL*-! ANn 
REX-3 
£. PiJJbOl«SK I * StCMtl 

30k. DSU- I DR-6 4-17 I AD-34Af>t,o 
WIND TUNNEL SlAfIC HJRCl TESTS UN MODELS OK THE ¡UX-1 RF-fcNTKY 
VEHICLE 
V. R. KULWICKI. CONFÏPKNTIAL 

303. DSD-TDR-63-179 AU-JA1303 
AERODYNAMIC CHARACTEkTSTICS Uf ThL REX VEHICLES 
T. E. ERNST AND R. K. Mt;YER, SECRcT 

30^. ÕSU-riJR-63-lDü AÜ-3A2347 
RESULTS Of- DYNAMIC STABILITY WIND TUNNEL TESTS UK THE RfX-l 
CONFIGURATION 
P. W. HOLY, CUNHUENUAL 

305. dSO-TOR-iiS-Zî;1* AD-346A99 
REX-1 AND RcX-¿ RcENTRY VEHICLES aDDIUjNAL HIGhT TEST DATA 
analysis 
ADVANCED Dfc Vt LURMtNT bRANCH, SECRET 

306. ftSP-ri.'R-63-kb AD^-TN-T-òÍ 
òALLISTIC RANGE EVALUATION UF SPHERICAL AND ROUNDED HASP 
CUNFIGURATIUNS FOR the LRCR Rl-iNTRY VEHICLl 
V. R. KULwICKI, CONFIDENTIAL 

RS1/ LTR A 
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GENEKAl ELECTRIC CUMP^NY, REI Si RY SYSTEMS OEPARÍMf-IT 

401 63307^1 Al.)-341 
EXPttUMEWTAL WÍNÜ TOMMEL RESULTS FUR THE STATIC STABILITY 
AND CÜNTRUL LFFtCT I IcNESS Of A 9 üfcC. CONfc WITH TRAILING FLAPS 

AT M«8 
R « B. HObaS, COKPIDEHTIAL 

402« o3S07b2 Au-342n0 3 
EXPERIMENTAL WlNU TUNNEL EVALUAI ION UF STABILITY ANO CONIRUL 
EFFECTIVENESS FUR A 9 OE'i SPHERE CUNt WITH TRAILING FLAPS AT 

M = 10 
R. B. HOlidS. COHPIDFWPIAL 

403« Ö4SDS06 AO-347MS6 
A CURRELAHUN Qf HYPtPS'j<iIC DYNAMIC STABILITY WIND TUNNEL DATA 
FUR THE SkYMULT ANO IVX REENTRY VEHICLES 
M. L. RUOtRTS. SECRET 

404. 645070¾ Ai)Trc?v95 
MANEUVERING BALLISTIC RE-LNTKY VEHICLE PROGRAM QUARTERLY 
PROGRESS REPORT Nil. >. REPORTING PERIOD l FEBRUARY THROUGH 

30 APRIL 1964 
SECRET 

403« AERODYNAMICS DATA Ml HU NO. 1.76 AC"3Í??1J„arr 
CORRELATION UF SPHEKE CONE CkNTTR UF PRESSURE AND NORMAL FORCE 

COEFFIL I ENT SLOPE 
J. L. BRIGGS. SLCRET 

406. 62SD917 CS-PR-53, VOL. 1 
ADVANCED RE-LNTRY PROGRAMS, 
SEMI-ANNUAL REPORT, VUl.l, OEC. 1962, P. 107. ritiTtiw 
STABILITY ANC CONTROL fcEFECTIVENESS OF TERMINALLY (.UIDEO Rt-fcNT {Y 

VEHICLES 
A. J. YUNGMAN, LI. AL., SECRET 

407. 63S0672 A0-337A06 
ADVANCED RE-ENTRY PROGRAMS, 
SLMI-ANNUAL REPORT, VOL.1, JUNE 1963, P. 70. 
STABILITY AND CONTROL EFFECTIVENESS OF TERMINALLY GUIDE" 

RE-tNTRV VEHICLES 
A. J. YUNGMAM, ET. AL., CONFIDENTIAL 

40ti. 64SD f B6 '* AU-351174 
auvanclo re-entry prugrams, aerophysics and observables. 

Ml-ANNUAL REPORT, VOL. 1, JUNE 1964, P• 46. . 
HYPERSONIC DYNAMIC STABILITY ANC CONIROL OF RE-ENTRY VEHICLES 

L. A. MARSHALL, ET. AL., SECRET 

-~r. 
REV LTR A 
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GENcKAl EI.ECÍRIC CÜMPANY, KffNÎRY SYSTEMS DEHAR TMENI 

<*09* b^SObîOS 
AUYANCEÜ Rfc-i NTkY PkiJfiR AMS » 
SEMI-ANNUAL RtPURIt VUE. It 
aUUNDARY I. A Y L K TRANSITION 
H. T. NA'-.AMATSU» SECKtT 

40-355^32 
AtRtiPHYSICS AND OBStRVABLbS» 
DlC. 19b<*« P. 0?. 

410. 6¿S0*»40 
LOM ütNSITY HYPERSOMIE SiMllARIlY 
SPHERE CUNES 
H. U. MCCAULEY, CONElOfcNflAL 

CS-62-S0-B40 
un cu icS ano Slightly blunted 

All. 64SU9B9 
ROUGHNESS, tíLUNTNcSS, ANU ANGLE UF 
30UNDARY LAYER TRANSÍTION 
H. T. NAGAMATSJ, Ö. C. GRAOER, R. 

AD-353725 
AlTAuk EFFECTS ON HYPERSONIC 

E. SHEtR, JR,» CONFIDENTIAL 

412. 6550663 
ADVANCED rtf-ENTRY PROGRAMS 
StM1-ANNUAL REPORT, VOL. 1 
BOUNOAXY LAYtK TRANSITION 
H, 7. N AGAMA T SO , ET. AL.» 

AO-361726 
, AERUPHYSICS ANl> OBSERVABLES, 
, JUNE 1965, F « S3. 

SECRET 

413. R62SD3 
FXPERIMENTAI INVESTIGATION OF THt 
A StR IES OF BASIC LIFTING SHAPES 
k. É. GEIGER AND C. J. HARRIS 

AÜ-3<»2*¡68 
HYPERSONIC CHARACTERISTICS OF 

414. 65SD6239A 
ADDENDUM A TO FLIGHT 
MISSION FX-25 
SECRET 

AD-369‘»49 

DATA REPORT FOR REENTRY MEASUREMENT'S VEHlCLt 

REV LTH A 

•? 
‘ LT 
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MlSCtLLAMtCUS 

501. AÖMA KfcPORT DA-TN-42-í>B( 1^50 ) ,. 411__ 
FORCE TESTS OF A WEL A TfcO FAMILY OF TWENTY NOSE CONES FOR A RAN(»E 
OF MACH NUMBERS FROM O.AT TO 1.93. 
R.A. FFIIX 
DATA ALSO FUUND IN REFERENCE 537. 

502. AERONATUICAL RESEARCH COUNCIL. TcCH. REPORT C.P. NO. ? M. 
. 71-F2-CP271 

BASE PRESSURES IN SUPERSONIC FLO*. 
G. E. GACD, 0. W. HOLDER AND J. D. RFC.AN 

I 

503. ACRONUTRONIC, C-943 ^D* r 
A FORCE TEST OF THL DART WITH ARMS IN THE ALDC B-2 HYPERSONIC 
WIND TUNNEL AT MACH NUMBER 8. 
W. T. DAVEY, CONFIDENTIAL 

304. AIR FORCE BAILISTIC MISSILE DIVISION, TECHNICAL LIBRARY 60-2094 
AD-605697 

STABILITY CHARACTER I SITCS OF CONES AND CYLINDERS AT LARGE 
ANGLES OF ATTACK AT MACH NUMBER 2.67. 
W. T. DAVEY AND C. E. .'.RIGSBY . 

505. BALLISITC RESEARCH LAB., «RL-MR-1502 I 196.3) Ar-34593B 
AERODYNAMIC PROPERTIES OF THE SKYBCLT NOSE CONt CONFIGURATION. 
E. D. BOYER, CUNE I DEN T I Al 

506. PROCEEDINGS OF THF 6TH U.S. NAVY SYMPOSIUM ON AEROBALLI ST ICSt 
NOV. 1963, BOOK NO. 623.4519063, SY6fiA ' AO-429753 
AERODYNAMIC PHENOMENA ASSOCIATED WITH ADVANCED RE-ENTRY SYSTEMS. 

I. SACKS AND E. SCHURMAN, AVCO CÛRP. 

507. DOUGLAS AIRCRAFT CO., INC., ES-2970G 
ANALYSIS OF PRESSURE TFISTS ON SHARP AND 
OF REVOLUTION FOR MACH NUMBFRS FROM 0.2 
D. N. MORRIS AND B. L. GROBE I 

C402-ES-29700 
BLUNT NOSED BODIES 
TO 3.5. 

508. 

509. 

DOUGLAS AIRCRAFT CO., INC., SM-42125 AD-431541 
AEDC 16 PwT SIATIC AInIO DYNAMIC STABILITY OF THL SKYBOlT NOSE CONE. 
CONTAINS G. E. REP0RT-62SD383 RESULTS OF SUPERSONIC WIND TUNNEL 
TESTS CONDUCTFD IN ThE AEDC 16 PwT TO EVALUATE THE STATIC AND 
DYNAMIC STABILITY CHARACTERISTICS OF THE SKYBOLT NOSF. CONE. 

R. P. HOBBS 

DOUGLAS AIRCRAFT CO., INC., SM-42I59 AD-437560 
GAM-P7A R/V HYPERSONIC STATIC STABILITY TEST. 
CONTAINS G. E. «EP0RT-62SD480 TEST RESULTS STABILITY 
CHARACTERISITCS OF THE SKYBOLT NOSE CONE AT MACH 20 IN THE AEDC 

50 HOT SHOT II. 
R, B. HOBBS 

3 y D2-36139-1 
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MlSCEUANeCUS 

510. DOUGLAS M^CRAFT CH.» INC.» SM-A 3050 AD-A?l<»AO 
BIBLIOGRAPHY OM BOUNDARY LAYER TRANSITION U063I. 
A LIST HV AUTHOR OF 117 DOCUMENTS DIVIDED INTO 7 CATEGORIES. 

511. CHANCE VOUGHT CQRP. ♦ ?-5Q740/3R-4 79 
PRELIMINARY INVESTIGATION OF THE EFFECTS OF GASS-TNJCoÍION ON 

DYNAMIC STABIL!T 7 AT M l7. 
T. C. PORE AND C. J. STALMACH, JR. 

512. GENERAL APPLIED sc. ILNGE LAB., GASL-TR-444 
experimental STUDY (JF control furces producid by 
FROM AN AX!SYMMERTRIC MODEL. 
E. SANLOi EN7Ü AND L. SPADACCIN!» CONFIDENTIAL 

AD-351427 
AIR INJECTION 

513. NAVAL ORDNANCE LAB., NAVORD REPORT 43^4 n>5ft) AD-106329 
AEROBALUSTIC RESEARCH REPORT Î47, HYPERSONIC TUNNEL NO. 4- 
1HE DEVELOPMENT OF A WATER COOLED sIRAIN C.AbC BALANCE. (INCLUDING 
STING EE EEC TS I AND ITS APPLICATION TO A STUDY QE NORMAL TORCE ANO 
PITCHING MOMENTS OF A CONE ANO CUNE~CVL INDER 'T MACH 5 TO 8. 

L. L. LICXINI 

514. NAVAL ORDNANCE LAB.» NAVORD REPORT 1488, VOL. 5 ()9591 
HANDBOOK. OF SUPERSONIC AERODYNAMICS, SECTION 16, MECHANICS OF 

RAREFIED GASES. 
S. A. SCI'AAF AND L. TALBOT 

515. PICA TINNY ARSENAL TECH. MEMO 1493 11964) 
SUPERSONIC FLOW ABOUT RIGHT CIRCULAR CONES AI 
THERMODYNAMIC EQUILIBRIUM, PART II - TABLES 

H. E. HUDGINS, JR. 
SEE REFERENCE 566, PART I - CORRELATION Or FLOW 

AD-451469 
¿ERO YA* IN MR 

Of DATA. 

AT 

PROPERÍIFS 

516. ROYAL AIRCRAFT ESTABLISHMENT, TN 
EXPERIMENTS AT HYPERSONIC SPEEDS 
D. H. PELKHAM 

AERO 2863 * AD-402730 
UN CIRCULAR CONES AT INCIDENCE. 

517. UNITED AIRCRAFT CORP. » C91018R-W (19651 ASTlC-0099/1 
HYPERSONIC STATIC ANU DYNAMIC STABILITY UE WING-FUSELAGE 

CONFIGURATION. 
M. R. FINK 

518. WRIGHT ATR DEV. CENTER, wADC TECH. NOTE S7-2H AD-110742 
METHODS 'OF ESTIMATING BASF PRESSURES ON AIRCRAFT CONFIGURATIONS. 
C. B. HAPGIS JR., P. H. DAVISON, AND S. R. S A V AC ', CONFIDENTIAL 

519. ROYAL A I PCR Ac T ESTABLISHMENT , TN AERO 2952 
PRESSURE DI S FR I BUT I ON ME A.SORE ME NTS ON A SERIES OF SLENDER DELTA 
BODY SHAPES AT MACH NUMBERS OF 6.85 AND 8.60. 
D. H. PFCRHAM 

D2-36139-1 
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MI SCCLLAME OUS 

520. 

521. 

522. 

523. 

524. 

525. 

526. 

527. 

UNIV. OF CM 1F. TECH. REPORT HE-150-172 (1959) T43-li£-150-1 7? 
LOW DENSITY AFRODYN AV IC CHARACTERISTICS OF A CONE AT AhfGLF > OF 

ATTACK. 
G. J. MASLACH AMD L. TAL30Î 
DATA ALSO FDUMD IN REFERENCE 537. 

ÜNIV. OF CALIF. TECH. REPORT HE-150-190 (19^1) (4)-20-135 
‘EXPERIMENTAL DETERMINATION OF PITCHING MCMENT ANC CAMPING 

COEFFICIENTS OF A CONE TM LOn DENSITY HYPERSONIC •TIUW. 

W. L. MAAS 

M. I. T. DEPT. ELECT. ENGR. REPORT TR-5 (1949) 
TABLES OF SUPERSONIC FLOW AROUND CONES OF LARGE YAW. 

Z. KOPAL , 1 

ARMY MISSILE COMMANDt REDSTONE ARSENAL* ALABAMA 
ARMY MSL CMP RF-TR-63-17 AD-140100 
THE STATIC STABILITY AMD DRAG OF THRF.E BLUNTED-CONF RFENTPV 

BODIES AT MACH NUMBERS 15 AND IB. 
D. J. SPRING 

BALLISTIC RESEARCH L AH • * 3RL-MR-1522 (1963) ASfIC-002246 
WIND TUNNEL TESTS OF THE REDSTONE B NOSE CONE AT MACE NUMBERS 

FROM 1.75 TO 5.00. 
MAURICE A. SYLVESTER 

BALLISTIC RESEARCH LAB.» BRL-MR-1484 (1963) AD-343438 
THE AERODYNAMIC CHARACTERISTICS OF TWO RVX CONFIGURATIONS. 

CONFIDENTIAL 

NAVAL ORDNANCE LAB.» NAVORU REPORT 3584 ( 1953 ) AD-128203 
CONE STATIC STABILITY INVESTIGATION AT MACH NUMBERS 1.56 

THROUGH 4.24. 
I. shantz 

AERONUTRONIC» 0-1638 ,^ ? Ic 
EXPERIMENTAL INVESTIGATION OF THE AERODYNAMIC CHAR AC T FR I ST ICS 
OF 9 DEG. HALE-ANGLE CONES WITH VARYING DEGREES OF HLUNTNESS 

AT MACH NUMBER 9. 
DATA ALSO FOUND IN REFERENCE 537. 

528 . 

529. 

MCDONNELL AIRCRAFT CURP.» SERIAL NO. 14, REPORT 6670 
'iS T lC- 0i'mOi)/ 

FORCES CN BODIES OF REVOLUTION IN FREE MOLECULAR FlOW 3Y THE 

NEWTONIAN-DIFFUSE METHOD. 
E. F. BLÎCK 

AIR FORCE SYSTEM COMMAND» ASD-TDR-63-663 AD-60S303 
DRAG COEFFICIENTS OF SEVERAL BODIES OF REVOLUTION AT TRANSONIC 

AND SUPERSONIC VELOCITY. 
H. G. HEINRICH, S. R. HCSS, AND G. STUMBIS 

D2-36159-1 

172 



MISCELLANEOUS 

,1 

S 30« HALL I SITC RESEARCH LAB.» BRL-MR-760 I19S4» 
IH£ EFFECTS Uf FINENESS RATIO AND MACH NUMBER ÜN THE NU°MAc FURCC 
AND CtNffcK UF RRtSS'JRfc OF CONICAL AND OGIVAL HEAD BODIES. 
W. E. ÛUFGRl) aNO S. SHA f UNGE F 
DATA ALSO FOUND IN REFfeRFNCt i>37. 

E31. BALLISTIC RESEARCH LAB., rtRL-MR-7S9 Il9S<i) 
THE DYNAMIC RkUMERTI-.S UF PURE CONES AND CONE CYLINDERS. 
L. i• SCHMIDT 
DATA ALSU FOUND IN RtFERENCb S37. 

)3/. SANDIA CURP., SC-RR-ÚA-I796 
PRESSURE DISiaiÔUriONS UN SPHERE CONES. 
Ü. M. ElIETT 

AD-4S5^00 

S3J. U.S. ARMY MISSILE COMMAND, REDSTUNE ARStNAL, ALA. RS10-^25(1964) 
AD-056P 8S 

DRAG REDUCTION STUDIES UF MISSILES# A BIBLIOGRAPHY. 

J. L. TtRKY 

534. NATIONAL PHYSICS LAH.# LONDON, NPL A£RU REPORT 1095(1964) 
tiSRL B-267 

EXPERIMENTS WITH CONfS IN LuW-üfc NS I TV FLOWS AT MACH 
NUMBERS NEAR 2. 
E. W. E. ROGERS, C. J. ÛCRRY ANC B. M. UAVIS 

535. AIR RESEARCH COUNCIL, ENGLAND, A.R.C.R. AND M. NU. 334Ü (196?) 
PRESSURL UISTKI BUT IU-nS AND FLOW PATTERNS ON SUME CUNICAL SHAPES 
WITH SHARP EDGES AND SYMMETRICAL CROSS-SECTIONS AT N=4.0. 

I. C. SCOIRE 

536. AMRAC PROCEEDINGS, VOL. /1, PART II* P. 129 ASTIC-n09521 
THE INFLUENCE. UF SLENDER BODY TRANSITION UN A OOWNRANGE 

OPTICAL CBSLRVABLLS. 
A. GUTTMAN# C. £. FLORENCE AND A. M. HECHT, GENERAL ELEC. CO.# 
SECRET 

537. SAND IA CÜRP ■ , SC-R-64-nii AST IC-^l 17 76 
A COMPILATION UF LONGITUDINAL AERODYNAMIC CHAKACTcK ISTICS 
INCLUDING PRESSURE INFORMATION FOR SHARP- ANO ÔLUNT-NUSF CONES 
HAYING FLAT AND MODIFIED BASES. 
A. D. FOSTER 

538. CÛNVAIR DIVISION, REPORT ZA-7-Q17 AD-3ÍP84 
SHARP AND BLUNTED CUNE FORCE COEFFICIENTS ANU CENTERS OF PRcSSURf 
FROM WING TUNNEL TESTS AT MACH NUMBERS FROM 0.50 TO 4.06. 

W. J. GENOTNER 
data also found IN REFERENCE 53/. 

REV LTR A 
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mSf.ECLANfcÜüS 

■>39. IRftNSACl IUNS üf >HE H3H SYHMSIUR 3N BAUISUC Kl SSJU^NU^ AC^ ^ 

TECHMUl.UuY» bCÎ. 196>, VÜL. iU* «»• <;TArtlLlTv ANÙ 
EfTtCTS Uf hAbS TRANSFER COÜLINO ON THE STATIC ST Art!LIT ANü 
DYMAHIC MUTIONS GF SL FNOER ENTRY 'JtHlCLl-S ,, ., 
C. A. SYVtKTS'JN A<>iÜ J. ti. MCOtVJlTi NAS«*» CONFIUfcN L 

540. SAME AS REF. S39» P. 41. hvpuKUNIC 
TME EFFECTS üf IHE OMSTuADY bUUNDAKY LAYu* ON THI HYPt» ONIC 
nVMAMIi* STABILITY Of A SIIGMILY 3EUNIE0 CONES 
rîü Rûniîîl' skeLÎ FLCCTKIC CCHPANV# CM.OEnTUI 

541. UN IY. UF CALIF. ENQ. PROJECTS HE-150-U4 (19531 
CONE DRAG IN A RAREFIED GAS FLOW 

U. C. IPSEN 
UaTA ALSO FOUND IN REFERENCE 537. 

iU. UNIV. OF CAUF. TECH. KCPUKT 90*205 1 196?I ,cr tiom 
HYKfRSONlC FLOW OVER A StENuEK tOKE KlTM GAS INJECTICN. 

M. H. KING . 
DATA ALSO FOUND IN KeFERtlNCfc 537. 

5”- ^ruSíFtÔ^rcSKKÍunlKsm'^«!. tes. sleo cokpokfk.s 

j. LUBLINOR. R. E. OLIVER AND A. J. A. HURGAN 
DATA ALSU FUUNI) IN KlFERtNCE 537. 

u.// MAUAi nrtONíA^Ct A rt • • NAVORO R t MOR 1 í>òò& 
b '• 2ÎL INVESnGAtlî*”F SHAI.P A-FO BLUKT NOSE COKES At SUPPHSOK.C . 

SPEEDS 
R. LEHNcFT AND V. L. SCHERMERHQRN 
DATA ALSU FOUND IN REFERENCE 537. 

5'5- w««2-.uNÍEh.!íÍ?;Ík'Ü2LhÍaÍ"'tk5a.,sÍ’k2Íkd P«r:SSUKiU0IWpí”m.K 

ON A SPHERE CUNe MODEL AT HIGH ANGLES Of YA* 

L. PA Si UK 
DATA ALSO FOUND IN REFERENCE 537. 

r, rcnurc c mahSMAIL FL IGHT CENTER* REPORT MTP-AÊRU-61-38 
AERU¿YNAÍlC CHARACTERISTICS UF SPHERICALLY GLUNTEO CCNE^ AT MACH 

NUMBERS FROM 0.5 TO 5.0 
DATA ftLStT FOUND IN RcFtRENCt 53/. 

,‘,7' ftASt* AND^SURFACL^rÜsSUPíPvARI Al ION KIFH MACH KOMBtH OK A RIGHT 

CIRCULAR CONE 
J. 0. IVERSON 
DATA ALSO FOUND IN REfERENCc 53f. 

SAU. CALIF. IKSinoTt Of TECH.. GALC1T MtMO KO. 69 1 19631 
HYPERSONIC FLOW OVER A YAWED CIRCULAR CONEt 

R. R. IRACY D2-56139-1 
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MISCELLANEOUS 

•>49. 

550. 

551. 

55?. 

553. 

WRIGHT AIR DEV. CENTER* ^ TECH REPUR. 54-70. A?-TR-54-70 

SURVEY UN HEAT TRANSFER AT HIGH SPEE^. 

E. R. G. ECKERT 

WRIGHT MR DEV. CENTER, WAOC TECH. ?'¡ f rHREE-D Ï HENS lüNAL 
PRESSURE AND LAMINAR HEAT TRANSFER KfcSul 

hypersonic FLOW. 
V. ZAKKAV. 

A F FLIGHT DYNAMICS LAR.* TECH. REPORT FLO I) ^ j l C-008 f ?0 

FLt,-PL»1Ç COUr-OARV-lAVEP TRANSI T ION A, HVPPR^N.C SPCfOS. 

R. E. DEEM, C. 9• ERICKSON AND J. S. 

DAVID TAYLOR HOD EL DASIN, WASH. D.C., REPORT U0i^^^2;,feq 

MLATIÛN EXPERIMENTS WITH PLASTICS AT HYPERSONIC SPEEDS AND Af LOW 

heat-transfer rates. 
V. VAN MISE ANO M. J. MALTA 

US AOMC-ARGMA-CML REPORT 6R8E . pncSsjRE OF SFVFRAL 

% *.“• — - 
DMA* ALSO FOUND IN REFERENCE 537. 

554. LITTON SYS TE MS * INC.* HAOE S-R-65-1 » VL.L. 1 \D-46l?45 

WIND TUNNEL CALHRATION TESTS AND PRESSURE MFASURCMcNTS ON A 

BLUNTED SLENDER CONE FROM MACH 0.3 TO 1.3. 

G. K. GARDINER 

555. UNIVERSITY OF MICHIGAN REPORT, AM»AC PROCEED INGS. 

rEúÍÍÍ^m;SPôrVr STUDY OF IHE EFFFC S OF MASS TRANSFER 

rNDsò. o. 0«,*. ru,. UvNE CWp. 

”6- fuiíi« íifSsS«¡SC“NP;oU?« "Üü'Br^fó’coiÉr*! ÍncÍdpÍ« UP TO 

pfS/muELL MÜ «. A. AÍE-6R. COMTI Of NT I AT 

SECRET 

*47 f'FNERAL APPLIED SCIENCE LAB.» GASL-TR-526 I 19i) > ) 
STUDY OF HYPERSONIC INTFRCFPÎUR CONTROLS. 

W. CHINIT¿* CONFIDENTIAL 
% 
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MI SCF LIANE OMS 

558. NAVAL ORDNANCE LAR., NAVÛKD REPORT 611») U'J5b) 1)75-6110 
A SUMMARY OF EXPEI MENTAL MAGNUS CHARACTERISTICS TlF A 1 AND r> 
CALIBER BODY OF REVOLUTION AT SUBSONIC THROUGH SUPERSONIC SPEEDS. 
J. E. GREENE 

559. LOCKHEED MISSILE AND SPACE CO., SRB-6V1 AD-42?nRl 
EXPERIMENiAL MEASUREMENTS OF VELOCITY AND TEMPERATURE PROFILES 
AND SKIN FRICTION COMPRESSIBLE FLOW. An ANNOTATED b IM L OGRAPHY. 
E. E. gra:»ano 

560. AEROSPACE RESEARCH LAB., ARL 64-21A ASTTC-01560? 
HYPERSONIC FLOW FIELD ABOUT A BLUNT NOSED CONE AT ANU£ OF ATTACK. 
PHASE II. 
R. J. PPL ITCHKO AND 8. O. MULTGREN 

561. NAVWEPS REPORT 1438 (1961) 
HANDBOOK OF SUPERSONIC AERODYNAMICS, SECTION B. BODIES OF 
REVOLUTION. 

562. ARMY BALLISTIC MISSILE AGENCY, REDSTONE ARSENAL * MA., OA-TN-42-58 
FORCE TESIS OF A RELATED FAMILY OF 70 NOSE CONES r-OK A RANGE ()F 
MACH NUMBERS FROM 0.47 TU 1.93. 
A. R. FEUX 
DATA ALSO FOUND IN REFERENCE 537. 

563. AERONUTRCNIC, C-1103 AD-*61755 
AN INVE S T I GA 11 ON OF THE ABLATION CHARACTERISTICS OE SLENDER CONES 
OF VARIOUS MATERIALS IN THE CHICAGO MIDWAY LABORATORIES ARC-JET 
FACILITY, PHASE III. 
W. J. BISS, CONFIDENTIAL 

564. AFFDl-TR-j5-5 AD-465764 
EFFECTS A*|D ANALYSIS OF MACH NUMBER AND REYNOLDS NUMBER ON LAMINAR 
SKIN FRICTION AT HYPERSONIC SPEEDS. 
T. R. SIERON AND C. MARTINEZ» JR. 

565. DOUGLAS AIRCRAFT CO.» INC.» SM-46429 AD-616236 
FLOW SEPARATION IN HIGH SPEED FLIGHT, A REVIEW OF THE STATE OF 
THE ART. 
J. E. WUERFR AND F. I. CLAYTON 

t 

56b. PICATINNY ARSENAL TECH. MBMO 1493 (1965) ^0-468284 
SUPERSONIC FLOW ABOUT RIGHT CIRCULAR CONES AT ZERO YAW IN AIR AT 
CHEMICAL EQUILIBRIUM. PART I - CORRELATION OF FLOW PROPERTIES. 
H. E. HUDGINS. JR. 
SEE REFERENCE 515, PART II - TABLES OF DATA 

> 
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MISCELlANéOUS 

b6Y. MATIUNAL RISlARLH CUUMCIl 0^ CAimACA AÊRUNAOritAL R6PÜKT LR-Alß 
U964) A[>-4fe4f)22 
A SURf ACt- F LUI* SOLUTtON AND STAblUTY OERlVAlIVtS FOR b^OIES U»' 
RFVOLUUUN IN COMPLEX SUPcRSÜNIC FLOH, PAR f I - CHtORY A Nú 
REPRESENTAI IVf ftCSUl IS 
L. M. UHMAN 

568, NATIONAL RESEARCH COUNCIL OF CANADA AERONAUTICAL REPORT LR-A^N 
UN6AI ASTIC-019277 
SAME AS RtftklNCfc S6/. 
PART U - RESULTS FOR TWO FAMILIES OF ÖÜOIES OF REVOLUTION FOR 
M * I . I TO 5 
L. H. OHMAN 

569. DOUGLAS AIRCRAFT CO., INC., WL TR-64-IA1 41)-339^97 
A STUDY OF THE AERODYNAMIC CÜFFF1CIENTS Of A REENTRY VEHICLE 
UNDERGOING MASSIVE ABLATION 
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