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Aerodynamic Data Obtained from Free-Flight Model Firings of Two
Blunt-Nosed Conlcal Configurations at Hypersonic Velocities 1n
Mixtures of Alr, Nitrogen, and Carbon Dioxlde

This report presents the results of firings made with models of
blunt-nesed conical configurations in the Naval Ordnance Iaboratory
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INTRODUCTION

Two blunt-nosed conical configurations were fired in the Naval
Ordnance Laboratory (NOL) Pressurized Ballistics Range to determine
the effect of several different gaseous atmospheres on the flight
characteristics of the conflgurations. The cones were launched at
velocities approximately 16,000 feet per second into an amblent
pressure of 90 mm Hg, The tests were conducted in air, nitrogen,
and several combinetions of nitrogen and carbon dioxide.

MODEIL DETAILS

Flgure 1 is & sketch of the two configuratlions lnvestigated.
The base dlameter of the actual models tested was 0.500 inch.
Figure 2 shows the V-1 configuration with an exploded view of 1ts
sabot. PMigures 3 and 4 are in-flight shadowgraph prints of the
V-1 and A-1 configurations, respectively.

DISCUSSION AND RESULTS

: The NOL Pressurized Ballistics Range 1is described in Table I,
The models were launched with the 0.822-inch diameter, 375-caliber,
two-stage light-gas gun. The tests were conducted in air, nitrogen,
and several combinations of nitrogen and carbon dioxide. These
combinations were:

15% N, - 85% CO,
85% Ny - 15% COy4
95% Ny - 5% CO,
80% N, - 20% CO,

Percentages throughout this report are given by volume. The com-
position of the atmosphere in the range was determined both by gas
chromatograph measurements made at NOL and by mass spectrometer
analyses conducted by the Natlonal Bureau of Standards., Gas samples
were extracted from three polnts along the range facility immedi-
ately prior to launching each projectile. Gas chromatography
analysis was conducted on samples for all three locations for every
round to ascertaln homcgenelty of the gas mlxture throughout the
range tube. Samples for mass spectrometry were gathered only from
the midrange locatlon to act as a double check of the gas chroma-
tography analysis. Mass spectrometry and gas chromatography analyses
for each round are listed in Tables II and III, respectively.

In most cases, agreement between the two methods of analysis
was withln three percent by volume of the individual gas constituents.

1



NOLTR 72-236

Greater disagreements in the two methods of analysis were attributed
to leakage of the bottled sample sent to the Bureau of Standards,

Speed-of-sound values were obtalned botih Ly experiment and
calculation, The calculated values were determined by using measured
values of the range temperature with gas composition values obtained
by means of the gas chromatograph and/or the mass spectrometer. The
experimental values for speed of sound were obtained at each end of
the instrumented portlon of the range. Each of the two units incor-
porated for this purpose consisted of a sound generator and pilckup.
The distance between the generator and pickup was known, and the
tim¢ for the sound to travel this distance was obtained from oscll-
loscope traces. From these measurements, the speed of sound was
determined, The calculated and experimental values of speed of
sound for all rounds differed by less than one percent,

There are 27 spark shadowgraph stations in the Pressurized
Ballistics Range spaced alternately five and eight feet apart.
Analysis samples were taken from station numbers 2, 15, and 26.

The experimental speed-of-sound instrumentation was located between
station numbers 2 and & and station numbers 25 and 27. Figure 5 is
a schematic of the system showlng the location of the various
Instrumentation,

Nitrogen was injected directly into the range from storage
bottles near the launcher end of the range for shots requiring 100
percent Neo atmosphere. Shots requiring mixtures of No and COo
utilized a mixing tank. The gases were injected into this tank in
the desired proportions. After mixing, the gas was then admitted
into the range proper.

The range was evacuated as low as possible (to approximately
3 mm Hg pressure) before the gases were injected. The gases were
then admitted, until the desired range pressure was obtained (about
90 mm Hg). Oxygen contaminatlion using this technique resulted in
approximately one percent by volume, although early in the program,
oxygen contamination was as high as three percent due to the then
undetected leaks 1n the range tube.

The drag and stability coefficients for the models of the
National Aeronautics and Space Administration (NASA) - Jet Propulsion
Laboratory (JPL) configurations were obtained using data reduction
techniques described in reference (1). Tables IV through XI 1ist
the drag and stability coefficients, both uncorrected and corrected
to zero yaw, for both model configurations in the different
atmospheres,

_ The s3lope of the pitching moment coefficient was adjusted to
the requlred center-of-gravity locations for esach configuration uas
shown in Figure 1, This was done as follows;
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iy,
—2 = cpy ~ cay

CNQ
where

The subseript (1) indicates the coefficient 1s referred to the
measured center of gravity (CGy) of the model.

Then

Cn

%cq
C,,

= (CPy - CGy) + CGy - X

where

The subscript (CG) indicates the coefficlent 1s referred to the
deslred center of gravity, and X 1s the desired center of gravity
expressed in calibers from the nose of the model (one calilber
belng the model’s maximum diameter).

Therefore

C = Cy  (CPy - X)
M N
ofe! Vo

The coefficients were corrected %o zero yaw by using the
following equations.

-2
CDO = CD - kD Y
-2
c = C - Kye ¥
Maceo Magg = M
C = C 72
Na.o - Na - kN .

Values for kp, kM, and ky were obtained by using the data of a
particular configuration within a specific gas mixture,

Although there are variations in center-of-gravity locations,
the slopes of the damping moment coeffilcient were nct corrected
to a particular center-of-gravity location, since the scatter in
coefficlent at any one center-of-gravity location was greater than

3
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the variation caused by the difference In the center-of-gravity
location. It was also because of the scatter in the slope of the

damping moment coefficlent that no trend with 32 could be observed,
and, therefore, these coeffliclents were not corrected to zero yaw.

The aerodynamlc coefficlents and derivativet are also presented
in graphical form as a functlion of both Mach number and mean squared
yaw in Figures 6 through 21.

Several interesting phenomena were observed during the course
of this program, Turbulent disturbances were observed both on the
model and in the wake of both configurations durlng tests in
atmospheres high in CO2 content. Figure 22 is g good example of
these phenomena., An explanation of these phenomena could be that
the turbulent disturbances seen are pressure gradients caused by
the release of energy during the dissociatlion of the high concen-
tration of carbon dloxide gas at the elevated temperatures
encountered at the program conditions,

It was also noted that the magnitude of the visible radiation
greatly increased for atmospheres of ten percent C0O2 and less,

CONCLUSIONS

At the conditions investligated, only one derivative for one
configuration displayed any definite effect of different gas
mixtures, This was the slope of the normal force coefficlent for
configuration V-~1l. The absolute value of the coefficient in an
atmosphere of high nitrogen concentration was lower than that in an
atmosphere of high carbon dioxide concentration, This i1s shown in

Flgure Q,
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TABLE II
MASS SPECTROMETRIC ANALYSES

% Dry Air#

4896
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4,864
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TABLE III
GAS CHROMATOGRAFHY ANALYSES

Location
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Round No.

— 1 am—

4866

4870

4871

4872

4873

L87h

4875

U876

L8yrr

L8378

4879

u882

L88L

4887

A

4

8
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TABLE Il (Cont,)
Location % No
downrange 16,6
midrange 24.8
uprange 21,5
downrange 16.8
midrange 22.9
uprange 14,9
downrange 99.2
midrange 99,6
uprange 99.6
downrange 16,9
midrange 16.2
uprange 17.
downrange 18.5
mlidrange 19.2
uprange 19.3
downrange 4.4
midrange 14,0
uprange 15.4
downrange 14.9
midrange 14.9
uprange 15.9
downrange 20,6
midrange 20.5
uprange 20.9
downrange 99.3
midrange 99.7
uprange 9%8.0
downrange 13.8
midrange 13.6
uprange 4.3
air
air
downrange 96.0
midrange 95,4
uprange 95,
downrange 93.4
midrange 02.9
uprange 92.8
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TABLE III (Cont.)
Round No, Location % No % Op % COp
4888 alr
4889 downrange 16,8 1.2 82.0
midrange 17.7 1.5 80.8
APrenge i8.5 1.8 79.7
1891 alr
48al downrange 15,1 1.6 83.3
midrange 15.3 1.7 83.0
uprange 16.5 1.9 81.6
4895 downrange 99.7 0.3
midrange G9.7 0.3
uprange 99.7 0.3
4896 downrange 99.5 O.E
midrange 99.6 0.
uprange 99,6 O.4
loo2 downrange 99,4 0.6
midrange 99,6 0.4
uprange 99,6 0.4
4903 alr
kool downrange 78.4 0.6 21,0
midrange 7%.0 Q.9 20.1
uprange T6.3 1.0 20.7
4905 downrange 85,1 1.1 13.8
midrange 8?.1 1.1 1308
uprange Bi, 4 1.5 14,1
U505 downrange 85,6 0.2 14,2
midrange 85.8 O.? 13.9
uprange 85,4 0.4 4.2
Lopd downrange 8h.7 0.5 14.8
midrange 84,9 0.7 14,4
uprange 84,2 0.6 15.2
4909 downrange 86. 0.8 12.5
midrange 85.5 0.6 14,0
uprange 85.4 0.7 13.9
© 4911 downrange 85.9 0.2 :La;a
midrange 85,1 0.5 1h.,
uprange 85,4 0.6 14,0



P.E. yaw
(deg)

P.E, swerve

(1in)
CMd/deg

+P,E,

C /deg
Magg

c 4
Mﬂcaé °€

CNd/deg

+P.E,

C de
Nab/ g

q o

4848

12,38

3.39
58

0.410
0.370

0.001
0.336

1,1
0.02

-0,00188

0.00004
~0.00191

-0.00181
-0,021

0.001
-0.020

0.7

NOLTR 72-236

TABLE IV

DRAG AND STABILITY DATA OBTAINED FOR V-1 CONFIGURATION
IN A 100 PERCENT NITROGEN ATMOSPHERE

4877
13,76
3.56

81

0,477
0.3809

0.0005
0.3339

0.6
0.02

-0.002156

0.02002
-0,00214

~0.00201
-0,021

0.001
"O - 019

-0.6

4871
13.41
3.53

11
0.462
0,3522

0.0006
0.3458

~0,.6026

0.0001

4895
l2.70
3- 5“'

137
0,438
0.4101

0.0006
0.3306

1.1
0.GL

~0.00215
0, 00003
~0,00213
-0,00290
-0,023

0.002
-0.,020

~0,6

4896
13,60
3,52

52
0.U466
0.3521,

0.0007
0.3219

0.6
0.02

-0.00182
C.00002

-0.00202

-0,00193
-0,021

0,001
~0,020
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TABLE IV {Cont.)
Round 4gs8 4877 kera L4895 4896
+P.E. 1.2 0.5 0.8 0.7
(CP-CG) Cal. 0,091 0.104 0.130 0.088
3 CGg (in) 0.237 0.238 0.240 0.234 0.233
1 (1in) 0.576 0.575 0.575 0.575 0.575
d (in) 0.500 C.500 0.500 0.500 0.500
; a (ft/sec) 1146 1151 1150 1151 1151
Exp. &, 1154 1148 1149 1149 1146
£ (£t/8ec)
g EXPe 84.um 1149 1151 1150 1150
] (ft/sec)
iﬁ Stations 8-27 3-37 5-27 3-27 3-27
3 Used
g Iocation of midrange midrange midrange midrange mldrange
E% 52$gl§0r & Bg;eau & ngeau & ngeau & Bg;eau
Reduction

Standards Standards Stundards Standards

RS SR

p RS

-

i e T T
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TABLE V

DRAG AND STABILITY DATA OBTAINED FOR V-1 CONFIGURATTON IN
AIR AND IN A 15 PERCENT CARBON DIOXIDE -
45 PERCENT NITROGEN ATMOSPHERE

Round 4908 4840

M 14,67 14,22
P (in Hg) 3.52 3.91
62 (deg?) 190 19
Req x 1070 0.534 0.533
Cp 0.441 0.3409
:tP.El 0-001 - 0.0008
Cpy 0.331 0.3239

8]
P.E, yaw (deg) 1.0
P.E. swerve (in) 0,02 -0.0019
SYIVALT ~-0.00242
+P.E, 0.00002
Cy /deg -0.00255

e
C /deg ~0.0022

M,,,CGO 0.00223

Cy /deg -0,023

o
+P,E, 0.001
CM + CM' “003

q o
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TABLE Vv (Cont.)

Round 4908 4840
1P.E, 0.5
(CP-CG) Cal 0.103
' CGp (in) 0.233 0.240
1 {in) 0,575 0.575
d (in) 0.500 0.500
a (ft/sec) 1099 1134
Exp. ayp (ft/sec) 1091
Exp. agoun (ft/sec) 1100
Stations Used 6-27 5-27
Location of Sample midrange air
Used for Reduction & Bureau
Stanodfards




NOLTR T£-230

6200~

90000°0
91E00° 0~
200
L0
Qcet o
#000°0
Q62E"'0
T.L'0
L
FASKESS
TH"OT
1l8h

G20 o~
£0£00°0-

GOE00* 0~
90000°0
2IE00°0-
20°0
Lt0
#8TE"0
700G*0
#52€°0
9870

Tl8H

G20 0o~

H0000°0
$9200°0-
T0°0
2T
QGEE"0
2000°0
606£°0
€HlL 0
a5
TG
T2°9T
€i8h

G200~
62000~

19200" 0~
#0000°0
T9200° 0~
T0°0
2 1T
gEEE"0
2000°0
6ggE°0
&42.°0
G6
16°€
l2°9T
£len

TA HIEYEL

T1920°0-

Of200° 0~

192000~
2000070
G9200°0-
20°0
6°0
GTHE'C
#000°0
ontyw "o
$99°0
92T
SR
0E* 9T
el8h

#£00° 0~

2hE"O
£00°"0
6HE*0
STATRRY
2T
#S° €
66 LT
Gloh

0
8ap/ Ny

]
00,
sp/ Wy

DOy
gep/ MWy

gool: T

Bap/ Wy

(ut) saxems °g°g

(Sop) mef "m@°g
o

%o

g+

punoy

SHIHASCHLY FAIX0IT NO®MV) INAOMIEd GQ - NIEDOMLTIH INEDNEI GT WV
NI ROLLVMUNODLANOD T-A ¥OJ QINIVIEO VIVA ALTIISVIS GNV DVEd




spIepuels
J0 nwsang

lz2-¢2
€°LT6
g8°LI6
026
00G°0
5150

o
NOLTR 72-236

6€2°0
STA R
T°T -

T e~

G200~
- 900°0

ni8h

52
£°L16
g"L16
17216
00G°0
G150
66270
92t o
1

T2

G20°0-

G000

1l

SpIBPUBRILS
sfueIpTw JO neaang

le-2
T #eo
T°Geb
9°.26
T0G°0
glsro
g9€e o
0T "0
g*o

ST~

7200~
c00°0

€181

adueapiu
l2-2e
T Heb
1°6e86
2 teb
100
GlG*0
gEe o
©0T"0
g°0

R

AHNO ° 0-
200°0

elgh

sdue pTu
g€
6026
f*026
1°Q16
00&°0
£15°0
gEz 0
gOT 0

L
e o+

T620°0-
£000°0

cligh

{-3u03) IA FIAVL

SpPIBPUBL Y

nesang %
s3ueIp Tt

le-LT
G°QT16
1°916
H16

TOS 0
9.6°0

gkc o

Glgh

uoTonpay J40J posn
srdureg IO UOT3BO07

pasQ sUOTIBLS
(oos/33) WMOPe -dxm

(0es/23) dn, *dxqg
(oss/23) ®

(ut) ©

(ut) T

(ut) %op

Ten (9o-do)

-

0 b
.so+zo

mmm\nazU

.m.h+

Sae

punoy



NOLTR 72-236

20000°0

OET00" 0~
00
T

G000°0
£99.L°0

0i*0

T5000°0-
2ET00°0~
20000°0
0€T00" 0~
TO°0
7't

5000°0
259L°0
440
L9€
e9°€
on €t
w98h

89000°0-

T0000°0

06000°0-
2C°0
T
6040
200°0
GelLto
L54°0
1792
18°€

T AEA
0481

8E000° 0~
96000°0-
TO000*0
68000° 0~
20°0
T°1T
H04°0
200°0
0EL°O
09#%°0
19
18 €
lgret
048t

2000°0-
cC00*0

L000°0-

GITL"O
6000°0

FrAOALY
len°o
et
ga° €
otc°et
&gl

2000° 0~
c000°0

L0000~

890L°0
6000°0
080L"0
0EH "0
2T
Qg°¢
wE 2T

Ghgh

JUAHISONLY NADOYULIN INIDMAd OOT ® NI

NOLLVANOTANOD T-V ¥0d QENIVIF0 ALITIGVIS OGNV DVEI

IIA JI9VL

®na0

gsp/ Wy

n
Sep/ oazu

‘q'd+

Sap /"My

(ur) eaxems °*m°'g

(Bsp) nek *gw'g

9-

oT x Poy
Amwmuv mm

(g ut) 4
W

Punoy

——n -



SpIBpuBLg
Jo nwoang

le-2
TSTT

Tt
B6HTT
gén "0
60t °0
0LT°0
6LG°0
L0

&
NOLTR 72-236

0"

£000°0
9.TO 0O~

798h

sduwxdn
le-3
TGTT
hTT
4TT
86%°0
604°0
0LT*0
6L0°0
L0

£000°0
9.T10°0"

7981h

SpaIBpUBLS
Jo nmaang

92-S
GaTI

EGTT
HTT
gét°0
0T}*0
991°0
250°0
g*0
c o

£6T0°0-
G000"0
glI0°0-

058t

aBurIp T
92-S
GQSTT

€GTT
OHTL
g61°0
0T "0
9910
260°0
G*0

m.0|

eGTo0" 0~
G000°0
T.T0°0~

osgh

SpIepUBRLS
Jo weaing

e~
64TT
OS1T
OHTT
66%1°0
Ot} °0

0LT°0O

6ngt

(-wod) A FAtavL

adurapTw
Lle-g
ohTT
05TT

ONTT
664°0
OTh°0

0LT°0

ongh

uor3onpay IoJ pasn
sTdueg JO UCTREOO]

pos( SUOTIeI§
(oss/93) UMOPy vdxy
(oes/33) INe -dxy
(o98/237) ®

(ut) p

(ut) T

(ut) Hnp

Ted (Ho-dn)

DM!&H

py)
Hy 4 P

(o]
Bop/ PNy
‘m 'mH
gep /N

punoy

Y



NOLTR 72-236

00L°0
20070
L0L°0

I647°0

£GE
OT"€T
1581

§000°0-

g000° 0~

FAWALS
2000
02L°0
Lif°o
ct
#56°€
78 ET
958t

2000°0-

40000~

TTL®0
200°0
[AWAY
hen*o
A
g5 ¢
9T et

7S8h

IIA TIdWL

g000° 0~ L000° 0~
€£000*0
6000°0- 2000°0-
€0A°0 QTL O
2000 TOO*0O
() WA 2el'o
6470 IO
hi g€
0g8°¢ 0G°¢
ge'et 88°¢T
TGgh 206
(penuTiuog)

£E000°0-
Gg000° 0~
T0000°0
960000~
10°0
7't
Ohgl'o
2000°0
89%4°0
won 0
cte
I9°E
E1°ET

G9gh

o]

O
Fep/ Qazo

D
Fop/ DGEQ

-m-mﬂ

8ep/ My

(ut) eaxens °*H°d

(Ssp) mB£ *m°4d

punoy



SpI¥pUBlg SpIVPUBLS SDPIBPUBYS SPIBPUBLS

5dm%”m” » 5.wwwwm X5 .n..mmwﬂo._.m %X S.dmwmm » UOTAoNpsy I0J PSSl
sBusIpTU al3urviptwm  oFuBapiw o8uripTW s8usap Tl 23usIpTU oTdureg JC UOTAROOT
©1e-g et L2-1T 22-9T l2-g 128 posQ) sSuU0T3els
gntT gHTT N 95Tt 2GTT 64T (oes/az) "Pe -dxm
CHTT oHTT 6HTT 6GTT I6TT 16TT (0es/23) Te -dxm
gntt ghTT HTT ohTL TGTT ZhTT (oes/23) ®
- 005°0 664°0 00G°0 g6t° 0 g64°0 66%°0 (ut) p
mun § _ 6on'0 - gon°o OTH°0 OTH*0 OT°0 1TH°0 (utr) T
& 991°0 glteo 9910 G9T*0 69T*0 TiT°0 (ut) Epp
m ) £60°0 =0 (po-do)
= g0 - o
T°0- oMy, + Py
£9T0°0- Fop, PNg
G000°0 “q*d+
0gTo°0- 8ap,/ Np

288 oG8 nagh TG8Y 206 Gogh panoy

{"1u0D) MIA ATAVL




NOLTR 72-2308

TABLE VIII

DRAG AND STABILITY DATA OBTAINED FOR A-1 CONFIGURATION IN
A 5 PERCENT CARBON DIOXIDE - 95 PERCENT NITROGEN ATMOSPHERE

Round 4884 4887
M 13.60 13.48
P (in Hg) 3.54 3.53
52 (dege) 234 45
Rey x 10-6 0. 474 0.473
Cp 0.7387 0.7142
+P.E, 0.0007 0.0007
Cp, 0.7158 0.7098
P.E. yaw (deg) 2.4 o.b
P.E. swerve (in) 0.03 0.02
CMo/deg -0.00074 ~0.000348
+P.E. 0,00007 0.000007
Cy /deg ~-0.00093 -0,000480
eld]
Cyy /deg -0.00042 -0.000381
oCGe
Cy /deg -0.0183 -0,016
o
+P.E. 0.0008 0.002

Cy /deg -0.0166 -0.016
7]

\



Round
+P,E,
(CP-CG) Cal
CGg (in)
1 (in)
d (in)
a (ft/sec)
Exp. %up (£t/sec)

TXp. (ft/sec)

adown
Stations Used

Location of Sample
Used for Reduction

Th
31
NOLTR 72-236

TABLE VI (Cont.)

4884

0.041
0.163

0.410
0.498
1136
1129

1132

2-27

midrangs

& Bureau
of

Standards

4887
-2,6

0.4
Olozl
0.163

0. 407
0.497
1126
1124

1124

2.27

midrange

& Bureau
of

Standards
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RTANGE NT POINTS

0.364 0 oyt
sPHER.RAD. \ 53 &7 )
0.545%
SPHER, R?F : | 1000 A-|
16°33 L
r=-0.482 =
p— 0,819 ——=f
|
0.250
SPHER. RAD. \
1000 V|

—0,676 —

NOTE.
ALL DIMENSIONS

IN CALIBERS.

FIGURE 1 NASA-JPL CCNFIGURATIONS
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