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PREFACE

This report documents a series of wind tunnel tests conducted at
Arnold Engineering Development Center for the Ait Force Armament Laboratory,
Armament Development and Test Center, Eglin Air Force Base, Florida 32542,

under Projects 2069 and 67 m March 1971 to February 1976. The effort
was joi € i :

by the Air Force Armament Laboratory (DLMA), the
Flight Dynamics Laboratory, and the Army Missile Command. Individuals who
have contributed significantly to this project are Messrs. E. G. Allee,
(ARO), John Jordan (ARO), and George Landingham (MICOM).

This report has been reviewed and is approved for publication.
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SECTION 1
INTRODUCTION

\\JThis report summarizes wind tunnel test data on various body alone
configurations which provide a data matrix for bluff and pointed bodies
of revolution with systematic variations in nose bluffness, nose fineness
ratio, and cylinder afterbody fineness ratio. Modular model components
were used to obtain static stability and drag data, with emphasis on the
effect of nose bluffness on drag. Although data is included for tangent
ogive noses of fineness ratio 2, 2.25, 2.5, 3.0, and 4, the nose fineness
ratios of 2, 3 d 4 calibers include a systematic variation in nose bluff-
ness ratiosrTﬂ;7ﬁ§T7of 0.00, 0.25, 0.50, and 0.75 on cylindrical midsections
of 5, 7, 9, and 11 calibers. A l-caliber cylindrical afterbody’fKT;}yﬁs
used with all configurations in this reporth\



SECTION 11

APPARATUS

1. Wind Tunnel

The tests were conducted in the AEDC PWT/1T, and VKF/A continuous
flow test facilities at the Arnold Engineering Deveiopment Center. The
(IT) is a 12-inch-square perforated test section. The 40-inch supersonic
test facility utilizes a solid wall test section. Detailed descriptions of
the tunnels are given in Reference 1 and typical model installations are
shown in Figures 1 and 2.

2. Test Articles

The test articles consistad of interchangeable nose, midsection, and
afterbody configurations: 20 nose configurations, 4 cylindrical midsections
of fineness ratio ranging from S to 11 and a l-caliber cylindrical after-
body configuration as shown in Figures 3 and 4. Nose fineness varied from
1 to 4 calibers. Two-, 3- and 4-caliber tangent ogive noses (N14 through
N25) were truncated and hemispherical nose caps added to provide three
bluffness variations (RN/RB = 0.25, 0.50, 0.75). Grit or other mecans of
fixing transition were not used to eliminate the drag increment due to the
trip and also incremental drag changes resulting from loss of the grit
during tunnel operations.

Although only a l-caliber cylindrical afterbody is considered in this
report, various fin configurations were utilized in previous transonic
tests (References 2, 3, and 4), which include data for body-cruciform fin
configurations with noses N10, N13, and N14, Scale effects utilizing a
larger body-fin configuration in the 4T test facility are shown in Ref-
erence 5.

A typical assembly of model components is shown in Figure 4. The
cylindrical midsections and noses were fabricated from stainless steel
(type 303) with a 32-microinch surface finish. Model configuration iden-
tifications are shown in Table 1.

3. Instrumentation PWT/IT Test Facility

The internal balance used to measure the model aerodynamic loads in
the (1T) test facility is shown in Figure 5. Base pressures were measure
with two differential pressure transducers. Angle of attack measurements
were corrected for support system and balance deflections.

4, Instrumentation VKF/A Test Facility

Two internal strain gage balances were used to measure the moc 2]



TABLL 1.

MODEL CONFIGURATTON IDENTIFICATION

Model Component Nose Bluffness
Length Ratio R /R

Model Component (Caliber) Type N"B
Al7 1 Cylinder -———-
M5, M7, M9, MIll 557, 95 1 Cylinder -—--
N10 0.5 Tangent Ogive 1.00
N13 1 Tangent Ogive 0.00
N14 2 Tangent Ogive 0.00
NI15 2 Tangent Ogive 0.25
N16 2 Tangent Ogive 0.50
N17 2 Tangent Ogive 0.75
N18 3 Tangent Ogive 0.00
N19 3 Tangent Ogive 0.25
N20 3 Tangent Ogive 0.50
N21 3 Tangent Ogive 0.75
N22 4 Tangent Ogive 0.00
N23 4 Tangent Ogive 0.25
N24 4 Tangent Ogive 0.50
N25 4 Tangent Ogive 0.75
N26 2..25 Tangent Ogive 0.00
N27 2.25 Tangent Ogive 0.575
N28 2.5 Tangent Ogive 0.00
N29 2.25 Tangent Ogive 0.375
N30 2.25 Power Series(!) fode
N31 2.25 Power Series(?) cee-

(1) N30 Power Series Nose
Y = 0.6(x/2.7)0:5

(2) N31 Power Series Nose
Y = 0.6(x/2.7)0:33




aerodynamic loads in the VKF/A wind tunnel test facility (Figures 6 ard 7).
The balance shown in Figure 6 was used in the initial test entry (Part
Numbers 1 through 247). The balance shown in Figure 7 was used for the
second test entry {Part Numbers 248 through 338).

Base pressures were measured with three differential pressure trans-
ducers and averaged by the use of fast response pressure transducers lo-
cated near the model which allowed base static pressure data to be obtained
during a continuous pitch sweep. Several pitch-pause sweeps were compared
with continuous sweeps to insure that the inherent lag in the base pressure
orifice and tubing did not degrade the data,.

Angle of attack measurements were corrected for support system and
balance deflections. Seventy mm Schlieren photographs were obtained for
most configurations at angle of attack increments of approximately 4 degrees.
Typical photographs are shown in Figure 8.




SECTION 111

TEST DESCRIPTION

1. Test Procedures and Conditions

During cach data run, the model angle of attack was varied while the
roll angle and Mach number were held constant.

Static force data were obtained at angles of attack from -6 to +15
degrees. The transonic tests were conducted at Mach numbers of 0.6, 0.8,
1.0, 1.2, and 1.5. Nominal test conditions were stagnation temperature
varied from 150 to 200°F, total pressure varied from 19.3 to 20.7 psia,
and dynamic pressure varied from 3.82 to 8.85 psia as Mach number varied
from 0.6 to 1.5, respectively. The supersonic tests were conducted at
Mach numbers of 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, and 4.5 with the major por-
tions of the data at Mach numbers 1.5, 2.0, 3.0, and 4.0. Nominal test
conditions were stagnation temperature 120°F, total pressure varied from
6.5 to 28.0 psia, and dynamic pressurc varied from 2.80 to 1.37 psia as
Mach number varied from 1.5 to 4.5, respectively.

The moment reference location for all configurations was the nose-
body juncture of the model as shown in Figure 4. Sign conventions are
shown in Figure 9.

The variation of nominal Reynolds number with Mach number is shown in
Figure 10 for the PWI/1T and VKF/A test facilities. The difference in the
test Reynolds numbers between the transonic and supersonic test facility
should be noted in the comparison of data results at M, = 1.5. The (IT)

test facility does not have a variable density capability. The unit
Reynolds number used in the supersonic test phase was Rc/ft = 1.8 x 100

for all Mach numbers.
2. Data Uncertaintiecs (Transonic Test Phase)

Data accuracy is affected by uncertainties in tunnel conditions and
balance measurements. The random measurement errors are used to provide
a mecasure of the uncertainty in the data measurements. The systematic
measurement crrors (bias) were assumed to be negligible for the transonic
test phase. The table shown below provides the data uncertainties, assuming
a 95 percent confidence level. The precision of setting and maintaining
angle of attack is estimated to be *0.1 degree. The methods used to
calculate the uncertainties are given in References 4 and 5.




UNCERTAINTY + [(1T) TRANSONIC TEST PHASE]

Measured Coefficient Value

M ACN ACm ACy ACn ACl CAT CAF
0.6 0.03 0.03 0.03
0.8 0.02 0.02 0.02
1.0 0.02 0.02 0.02
152 0.01 0.01 0.01
1.5 0.01 0.01 0.01

3. Dbata Uncertainties (Supersonic Test Phase)

The general procedure used to calculate the data uncertainty is the
same as that used in the transonic test phase. The precision of setting
and maintaining angle of attack is estimated to be *0.1 degrec. The data
uncertainties shown in the tables below include both systematic measurement
errors (bias) and random error measurements. ‘Two separate tables are
provided for the two test entries which utilized two different internal
six-component strain gage balances.

UNCERTAINTY £ [(A), PART NUMBERS 1 THROUGH 247]

Measured Coefficient Value

: /
M, MM, MG A AC AC G, AC el

1.5 0.020 0.0i6 0.080 0©.016 0,049 0.003 0.006 0.020
2.0 0.020 0.016 0,085 0.010 0.051 0.003 0.007 0.014
0.021 0.020 0.1l 0.012 0.061 0.003 0.008 0.010
0.020 0.028 0.140 0.017 0.085 0.005 0.011 0.012
4,5 0.018 0.032 0.068 0.019 0.044 0.005 0.013 0.014




UNCERTAINTY + [(A), PART NUMBERS 248 THROUGH 338]

Measured Coefficient Value

AC

AC
m

AC

AC

AC

AC

oo o N Acy m { Ay A
LS 0.020 0.013 0.0064 0.013 0.0064 0.003 0.010 0.021
2010 0.020 0.0l16 0.066 0.013 0.066 0.003 0.010 0.016
3.01 0.021 0.016 0.064 0.010 0.0064 0.003 0.012 0.014
4.00 0.020 0.022 0.088 0.022 0.088 0.005 0.016 0.017

4. Part Numbers for Specific Configurations in Tabulated Data

Tabulation data for the transonic and supersonic test phases are
listed in Appendices A and B. Table 2 may be used to determine the part
number for a specific configuration and Mach number. The part numbers are
listed consecutively in the appendices for each test phase. Each part in-
cludes a sequence of angles of attack at a given Mach number.

[
"




TABLE 2.

[ 8 'I'M Reynolds number used in the
supersonic test ‘phase (A) was

Re/Pt » 1.8 x 10° with the following

sxceptions.

Pert No] Config M_| Re/Ft x 10°
1 N22N5ALT 3.0 3.7
183 1.1
184 1.3

2. Rol)) sttitude = 180 degress

PART NUMBER SUMMARY FOR TRANSONIC AND SUPERSONIC TEST PHASES
1T) PART NUMBIRS AL PART NUMBLRS
Nose Midsection/ n, %
Configuration  Atterhody V. 0.8 1.0 1 H i. } 0 Lo 1.
10 Mo AL 204 95 13
13 ML Al 20K i 5]
" M5 AT oo 10l 108 1o: 106 209 97 ]
} M5 AL H 13 12 10 109 °p0 L1 It
1n M3 AL c itk 99 17
17 M% AE7 117 114 119 120 121 ei 4 100 1%
N M5 At 131 132 133 13 135 &7 104 19
19 M5 AL7 144 143 o 139 138 274 m 20
20 M5 Al IER 145 14y 150 i51 275 103 321
21 M5 ALY 173 176 177 155 151 26 104~ 322
2 M5 AL7 170 19 168 lot 167 37 105° IN2/32%
23 M3 Al 180 1IN} 181 145 186 278! 106 k22
24 M5 Al bas.. 198 19} 190 1Ky 279 o7 5
403 Ms ALT 96 197 198 2 2 280 108 320
2 M5 AL7 6/7 09/110 57 120/312 4y 216 208
27 M5 ALY 8/9 112 33 124 i 213 2h
28 M5 AT 109
29 M5 AL7 281 306 327
R ] M5 ALY 282 3u7 328
3 M5 Al7 283 308 329
10 M7 Al17 33 78 148 230
13 M7 AI7 34 A0 149 237
14 H7 AL7 15 8l 150 238
15 M7 AL7 k{3 82 i51 239
([ M7 Al7 37 83 152 240
7 M7 AL7 33 84 153 241
i M7 AL7 39 85 154 242
19 M7 AL7 40 a6 155 243
20 M7 A7 4l 87 156 244
21 M7 Al7 12 KA 157 245
2 M7 A7 43 89 158 246
23 M7 AI7 4 90 159 247
24 M7 AL7 15 91 160
25 M7 AL7 46 92 16)
28 M7 AL7 47 93 162
10 MY ALT7 L] 64 133 221
13 M9 A7 15 65 134 222
14 M9 Al7 35 36 37 39 40 16 1) 135 223
15 M9 ALY 47 46 45 44 43 17 67 136 224
16 M9 Al7 S0 51 52 53 54 18 68 137 225
17 M3 Al7 65 64 63 ol 57 19 (2 138 220
18 M9 AL7 68 69 70 N 72 21 70 L9 227
19 M9 A)7 79 78 77 76 75 22 71 140 228
20 MY A7 84 85 86 87 90 28 72 144 229
2) M9 AL7 97 96 95 94 93 24 73 142 230
22 M9 A}7 3 4 5 6 7 25 74 17 143 231
23 M9 ALY 18 18 20 21 22 26 o) 144 232
24 M9 AL7 » 31 30 29 25 27 76 145 233
25 M9 AL7 15 14 13 12 11 23 77 146 234
26 M9 AlL7 10 62/305 115 180/333 219/334
27 M9 AL7 12 o} 16 132 220
28 M9 AL7 32 78 147 235
29 M9 AL7 286 289 330 335
30 M9 A}? 285 RLLS 331 336
31 M9 AY7 284 284 332 337
10 M1l Al7 249/49 51 163 348
13 M13 Al7 53 164
14, MlL A7 251 54/290 los
15 M1l A7 252 291 166
16 Mil A7 253 292 167
17 MIl AL7 254 293 168
1 M} A}7 255 294 169
19 M1l AL7 256 295 170
20 M1l A7 257 296 176
2 M1l AL? 258 297 172
22 Mil A7 259 298 173
3 M1l A)7 260  299/300 174
rl il A 261 301 175
28 M1l AL? 262 302 171
26 M1l Al? 178
a7 M1l AL? 17y
22 MIl A7 177
Note:




SECTION 1V

DATA

1. Tabulated Data

The appendices include tabulated force and moment data for all nose-
cylinder body alone configurations used in the transonic and supersonic
test phases. Due to the extensive data included in this report, data plots
are not included for all configurations. Plotted data for the transonic
test phase are included in Reference 7. All of the tabulated data in both
appendices are shown for nominal zero roll angle and zero sideslip angle
unless noted otherwise.

2. Transonic Data

All transonic data obtained in the (1T) test facility are included in
Appendix A. The transonic data includes only 2-, 3-, and 4-caliber tangent
ogive noses (N14 through N25) on midsections (M5 and M9). All configu-
raticns included the one-caliber afterbody (Al7).

For increasing nosec bluffness, the center of pressure is moved down-
stream on the model and the forebody axial force coefficient is also in-
creased. The effect of increasing nose fineness ratio is to move the center
of pressure upstream and also to decrease the forebody axial force co-
efficient at Mach numbers 1.0, 1.2, and 1.5, with minimal effect at Mach
numbers of 0.6 and 0.8. Increasing body midsection fineness ratio from 5
to 9 does not significantly affect Cy for Mach numbers of 0.6 to 1.5, but

does increase the forebody axial force coefficient.
3. Supersonic Data

The major portion of the supersonic data was also obtained for the
2-, 3-, and 4-caliber tangent noses and midsection including 5-, 7-, 9-,
and ll-caliber lengths; in all cases the l-caliber afterbody was included.
In addition, the supersonic test phase includes data at selected test con-
ditions for a hemisphere nose (N10), 2.25-caliber tangent ogive noses
(RN/RB = 0.00, 0.375, 0.575), 2.5-caliber tangent ogive nose (N28), and
two 2.25-caliber power series noses (N30 and N31). Table 3 provides a
summary of forecbody axial force coefficent, normal force coefficient slope,
and pitching moment coefficient slope for all configurations. Plotted
data for the forebody axial force coefficients, normal force coefficient
slope, pitching moment coefficient slope, and center of pressure arec shown
in Figures 11 through 26 for the 2-, 3-, and 4-caliber noses on a 9-caliber
midsection and l-caliber afterbody.
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Comparisons of the 2-, 3-, and 4-caliber nose at supersonic Mach
numbers in Figure 11 show that the effect of bluntness on drag is more pro-
nounced with increasing supersonic Mach numbers.

The variation in forebody axial force coefficient with nose bluffness
ratio is shown in Figure 12. The pronounced increase in Cp,. for bluffness
ratios > 0.5 is apparent for a given supersonic Mach number.

Figure 13 shows the variation in forebody axial force coefficient
with nose fineness ratio. CAF generally decreases with increcasing super-
sonic Mach numbers and increasing midsection length increases CAF as shown
in Figure 14.

The variation in the normal force slope with Mach number is shown in
Figure 15 for various noses. The effect of nose bluntness on CNJ is more

pronounced with increasing supersonic Mach numbers.

The variation in the normal force slope with nose bluffness ratio is
shown in Figure 16 for various noses. For a given supersonic Mach number,
Cy generally decreases with increasing nose bluffness.

a

The variaticn in the normal force slope with nose fineness ratio is
shown in Figure 17 for various noses. For a given superso.~ic Mach number,
Cy_ generally decreases slightly with increases in nose fineness ratio.

Q.

An increase in midsection length increases Cy as shown in Figure 18.
Na

The variation in the pitching moment slope with Mach number is shown
in Figure 19 for various noses. Aft movement of the center of pressure
past the nose cylinder juncture is apparent. Cma generally decreases with

increasing nose bluffness ratios as shown in Figure 20.

The variation in pitching moment slope with nose fineness ratio is
shown in Figure 21. C, increases with increasing nose fineness ratio.
‘ a
An increase in midsection length decreases C, as shown in Figure 22.
a

The variation in normal force coefficient with angle of attack for a
3-caliber pointed tangent ogive cylinder and hemisphere tangent ogive
cylinder (Ry/Rg = 0.75) is shown in Figure 23(a). The effect of nose
bluntness over angle of attack range of -6 to 14 degrees is small for a
Mach number of 1.5, but a reduction in normal force coefficient is evident
for M, = 4.0. A comparison of 2- and 4-caliber noses at a given angle of
attack shows a lower Cy value for the higher fineness ratio nose as shown
in Figure 23(b).

The variation in pitching moment with angle of attack for a 4-caliber
pointed tangent ogive cylinder and hemisphere tangent ogive cylinder

14




(Ry/Ry = U.75) is shown in Figure 24(a). The abrupt change in the pitching
moment curve at a v 4° is believed to be associated with flow separation on
the cylinder. Schlieren photographs generally indicated flow separation
for « > 5°. The effect of increasing nose bluffness results in more nega-
tive pitching moment coefficient as angle of attack is increased. This
latter effect is more pronounced with increasing supersonic Mach numbers.
Given an increase in nose fineness ratio, C is increased for a given a

as shown in Figure 24(b).

The variation in center of pressure with angle of attack for a
3-caliber pointed tangent ogive cylinder and hemisphere-ogive cylinder
(Ry/Rg = 0.75) is shown in Figure 25(a). The center of pressure moves
further downstream at a given angle of attack for the bluff configuration.
This latter effect is more pronounced with increasing supersonic Mach
numbers. With increasing nose fineness ratio, the center of pressurec moves
further upstream as shown in Figure 25(b).

The variation of forebody axial force coefficient with Mach number is
shown in Figure 26 for a series of 2.25-caliber noses. Data includes two
hemisphere-tangent ogives and two power series noses. C,_ for the power
series nose (N30) is less than the CAF for the pointed tangent ogive

nose (N26).
4, Supersonic Laminar Skin Friction Calculations and Nose Wave Drag

Test Reynolds numbers were selected to retain a laminar boundary layer
over full body length at supersonic Mach numbers. Theoretical skin friction
coefficients were calculated by VKF personnel and are given in Table 4
for various body lengths, nose bluntness, and nose lengths. Calculated
model wetted areas are used in the calculations in Table 5. The method
used for the skin friction calculations was based on reference by Patankar
and Spaiding as modified by Mayne and Dyer (References 9 and 10). A com-
parison of CAp determined from experimental and typical handbook methods

such as the USAF Stability and Control Datcom is shown in Figure 27
(Reference 11). The nose pressure drag coefficient was calculated by sub-
tracting the calculated laminar skin friction drag coefficient from the
measured forebody axial force coefficient. It should be noted that a fully
laminar Boundary layer was assumed over the full model length for these
calculations and transition was not indicated from the Schlieren photo-
graphs or drag measurements. The agreement betwcen the data and the Datcom
method improves with increasing Mach number and nose fineness ratio.
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TABLE 5. WETTED AREA, Sw

Body Fineness Ratio (BPR)
Nose
Nose |caliber | *N/Rp 6 8 10 12
N10 0.5 1.0 31.6067 38.453 47.501 56.549
N13 1.0 0 30.587 39.635 48.683 S, 7311 e
' Nl14 2.0 0 33.398 42.446 51.494 60,542
N15 2.0 0.25 33.344 42,392 51.440 60.488
N1G 2.Q 0.50 33.129 42.177 51.225 60.273
N17 2.0 0.75 52.539 41.587 50.635 59.683
N18 3.0 0 360,341 45,389 54 437 63.485
N19 3.0 0.25 36,222 45,270 54.318 63.366
N20 3.0 0.50 35.770 44,818 *53.866 62.914
N21 3.0 0.75 34,619 43,667 52.716 61.763
B N22 4.0 0 39,319 48.367 57.415 66.463
N23 4.0 0.25 39,130 48.178 57.2206 66.274
N24 4.0 0.50 38.415 47.463 56.511 65.559
N25 4.0 0,75 36.697 45,745 *54.,793 63.841
N26 228" 0 34,128 43,176 52.224 61.272
N27 2828 0.575 33.637 42,685 51.733 60,781
N28 2.5 0 34,862 43.910 52.958 62.0006
N29 20 25 0.375 33,959 43,007 52.055 61.103
N30 2,96 "l &:ai- 34.055 | 43.103 | 52.i51 | 61.199
N3l 2.25 | ----- 34.832 [ 43.880 | 52.938 | 61.986
Note:
s, = Total Wetted Area, N2
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SECTION V

RECOMMENDATIONS FOR FUTURE TASKS

1. Assess the methodologies described in References 12 and 13 as predictive
techniques for the static aerodynamic characteristics of bluff body alone
configurations. The data matrix in this report should be useful in as-
sessing these methods.

2. Detcrmine the Reynolds number effects on the drag and static stability
characteristics for selected nose configurations on the 5- and 9-caliber
midsection with Reynolds numbers ranging up to 20 x 10°/ft for the existing
model sizes and selected larger models similar to that in Reference 5.

3. Measure pressure Jistributions on selected nose configurations using
the larger model scale noted above and the 5-caliber midsection at selected
Reynolds numbers to determine Cp and utilize oil flow techniques to locate

separation and heating rate measurements to locate transition.

4. Obtain additional data for nose bluffness ratio variations of
Ry/Rg = 0.00 to 0.20 to define the degree of bluffness which will result in

a minimum forebody pressure axial force (CAP) for the 2.3- and 4-caliber

nos¢s. Also obtain force and moment data for l-caliber tangent ogive
family with bluffness ratios of 0.25, 0.50, and 0.75.
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Typical (1T) Model Installation

Figure 1.




roe

uolrleyr(elsul [9pol (V) 1estdLyp

©Z 2andtyg

20



R(Typical)

RN(Typical)

re— A(Typical)

D (Typical

l

)Z-Culibcr
Tangent Ogives

N25
)
N23 N24
N22 :
N27
N29
N2G
N1O
N13
'¢:;;EEfi::::::::::::::::::::::
N30

N3l

Note:
See Figure 4 for
Geometric Details.

A

3-Caliber
Tangent Ogives

4-Caliber
Tangent Ogives

‘2.25-Caliber
Tangent Ogives

1.00-Caliber
Tangent Ogive,
Hemisphere

2.5-Caliber
Tangent Ogive

Power Series

Figure 3. Nose Components and Nose Configurations
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Nose Body

Midsections

Juncture 7.2(MS,A17)
L 2 9.6(M7,A17)
N . 12.0(M9,A17) >
14.4(M9,A17)
RN('l‘ypicul) I-—A—’- —’T 1.2 fa—ro
= = D=1.2
Al7 Afterbody
MODEL DIMENSTONAL DETAILS
Nose
Fineness
Ratio Nose
LN/D Config RN/RB RN A R D
{(Caliber) (in) (in) (in) (in)
0.5 N1O 1.00 0.6 0.6 -- -
1 N13 0.00 0.00 1.20 1.5 1.2
2 N14 0.00 0.00 2.40 5.1 1Ig=2
2 N15 0.25 0.15 2.06 5.4 1.2
2 N16 0.50 0.30 1.67 5.1 1% 2
2 N17 0.75 0.45 1.17 551 187
3 N18 0.00 0.00 3.60 11.1 182
3 N19 0.25 0.15 3.10 11.1 s 2
3 N20 0.50 0.30 2:853 11.1 1.2
3 N21 0.75 0.45 1.78 il.1 12
4 N22 0.00 0.00 4.80 19.5 1082
4 N23 0.25 0.15 4.15 19.5 j e
4 N24 0.50 0.30 3.38 19.5 1.2
4 N25 0.75 0.45 2.38 19.5 152
2,25 N26 0.00 0.00 2.70 6.375 1| 5%
2 =25 N27 0.575 0.345 1.735 6.375 1.2
2525 N29 0.375 0.225 2.115 6.375 1.2
2.50 N28 0.00 0.00 3.00 7.8 12
g 26 N30  Local Radius Y = (x/2.7)0"° - .
2.25 N31  Local Radius Y = (x/2.7)0-33 . 43
Note:
1. Moment refereace location at
the nose cylinder juncture
nDz
2. Reference Area = b Y
3. Reference Length = D
4. All dimensions in inches
Figure 4. Midsections, Afterbody, and Assembly of Model Components
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1 = 5 5° .
M =1.5 o =
‘” '\1(1) & 4 ()

= = Tl
i e a = 7.4°
Tl M_=4.0

(-]

o7 2) iz
i M_= 4.0

(a) Mach Number Variation on a 4-Caliber Nose (Ry/Rg = 0.75) on a 9-Caliber
Midsection, Rc/Ft = 1.8 x 106

Figure 8. Schlie.en Photographs
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PER AR SpTyerat pere

® = WS @ + 3.8°
M =18 W = 4.0
(¥ e) [o 0]
a %.7.8* a =7.5°
M = 1.5 M =4.0
o0 o0
- °
a =12.7° Rk St
M = 1.5 M, = 4.0

(b) Mach Number Variation on a 4-Caliber Nose (Ry/Rpg = 0.00) on a 9-Caliber
Midsection, Re/Ft = 1.8 x 106

Figure 8. Schlieren Photographs (Continued)
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(§)
R /Ft = 1,141 x 10 R /It 3.67 x i(J“
[ &4 ¢

(c) Reynolds Number Variation on 4-Caliber Nose (Ry/Rp = 0.00)
on a 9-Caliber Midsection

Figure 8. Schlicren Photographs (Concluded)
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; ©
R /Ftx i0

5.0 PWT/1T Test Facility
4.0
3.0+
2.0 VKF/A Test Fucility
1.0+
v : ! ; ; )
Figure 10. Variation of Reynolds Nur.ber with Mach Number
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o L e

e

O=10
0.7 = E
0.6 -

0.75

0.5 =

=09

| Ry/Rg
Ry/Ry
O =000
A =025
0.8 ~ 0 -os0
Q=075

CAF (a

0.4 —

- |
L

(u, ~0os0
0.3 -
0.25
0.00

0.2

0.1

T T T T
0 ] 2 3 4

Mo
(a) 2-Caliber Noses

Figure 11. Variation of Forehody Axial Force Coefficient with Mach Number
for Various Noses on 9-Caliber Midsection
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RN/Rp

0.9 ~
RN/Rp
O =000
A =025
s =050
Q=075
O =10
0.7 =
0.6 —
0.75
0.5 =
CAF
(x=0°)
04 —
Y e 8
: 50
0.3~ /’H = ‘DO
¢
()
0.2 =
Muzi
0.00
0.1
I | 1
0 1 2 i

Mo
(b) 3-Caliber Noses

Figure 11. Variation of Forebody Axial Force Coefficient with Mach Number
for Various Noses on 9-Caliber Midsection (Continued)
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O Ry/Rp
10,5 =
RN!“B
Q=000
N =025
0.5 = 0O =0.50
O=0.75
O = 1.0
0.7 = : r
0.6
0.75
0.5 =
{.""F
{a=1(0")
0.4 -
; /r_-ﬂﬂﬁu
0.2+
Mu,:s
Nu.m
0.1 T r T Y
0 | 2 3 4

(c) 4<Caliber Noses

Figure 11. Variation of Forebody Axial Force Coefficient with Mach Number
for Various Noses on 9-Caliber Midsection (Concluded)
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Lay/D

1 ] I I 1 ]
0 0.2 0.4 0.6 08 1.0
Rn/Rp

(a) M= 1.5

Figure 12. Variation of Forebody Axial Force Coefficient with Nose Bluffness T
Ratio for Various Noses on 9-Caliber Midsection
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0.9~
L/D

«)

0.1

: 04 6 : L0
: 0. 08 .
Rn/Rp

(b) M_ =2

o-
©
to

Figure 12. Variation of Forebody Axial Ferce Coefficient with Nose Bluffness
Ratio for Various Noses on 9-Caliber Midsection (Continued)
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(=07

Ua I- ] T T T l 1
0 02 0.4 0.6 0.8 1.0

Rn/Rp
(c) M =3

Figure 12. Variation of Forebody Axial Force Coefficient with Nose Bluffness
Ratio for Various Noses on 9-Caliber Midsection (Continued)
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a=0"

0.2=

0.1 U 1 1 U 1
0 0.2 04 0.6 08 1.0

Ry/Ry
(d) My, =4

Figure 12. Variation of Forebody Axial Force Coefficient with Nose Bluffness
Ratio for Various Noses on 9-Caliber Midsection (Concluded)
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s RS Y T

0.8

0.7+

0.6

0.5

(=0

0.4

0.3

O~_ o0

Rn/Rp

O =0.00
& =025
O =050
0 =075

0.50
0.27
0.25
0.00
0.1 T T T !
0 l 2 LN/D 3 4
(a) M,= 1.5
Figure 13. Variation of Forebody Axial Force Coefficient with Nose Fineness

Ratio for Various Noses on 9-Caliber Midsection
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0 =0.00
0.8 A=025
0 =050
0=0.5
0.7 =
0.6
\O
0.5 -
—{) RN/Ry=0.75
C
AF.,
(a=0)
0.4 —
0.3
0.50
0.2 -
0.25
0.00
0.1 | 1 ] 1]
0 | 2 3 4
Ly/D
(b) M=2.0
Figu.e 13. Variation of Forebody Axial Force Coefficient with Nose Fineness

Rn/Rg

Ratio for Various Noses on 9-Caliber Midsection (Continued)
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0.91
Rn/Rg
O =0.00

0.8 A =025
0O =050
0O =075

0.7 4
0.6
s O
A
o go) O RN/Rg=0.75
0.5 '
0.4 -
0.3 4 0.50
0.2
0.25
0.00
0.1 1 T ) L
| 2 3 4
Ly/D
(c) M =3

Figure 13. Variation of Forebody Axial Force Coefficient with Nose Fineness
Ratio for Various Noses on 9-Caliber Midsc¢<‘ :on (Continued)
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0.9 Q
RN/Ry
O =0.00
0.8 - a =025
0O =050
O =075
0.7 —
0.6 — o
O~
=0 Ry/Ry=0.75
0.5 -
0.4 —
0.3 = 0.50
0.2
0.25
0.1 T T T L 0.00
0 I 2 3 4
) M =4
Figure 13. Variation of Forebody Axial Force Coefficient with Nose Fineness

Ratio for Various Noses on 9-Caliber Midsection (Concluded)
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M_=1.5

0 =« 1 -0 LD Ry/Rg
O o 0.00
a 0.00
024 0 4 0.00
A
CAF L A 0
=y 0 —0
G,_ J
0.1 7 T T ,
My, =2.0 a
OO0 -
0.2+
=
C % iy —-
.I\F b
= =]
(x=0") o = S iy
DI !;_‘ 1 1 1
M. =3.0
0.2+
Ay a e -7
ta. = D‘,'- o 1_
_F_d
ﬂ.l __—# F _l_ '
M_=4.0
0.2
C Ap
(@=0) ﬁ—l—'—-"a‘
0.1 T Mﬁ
M3 M5 M7 M9 Ml

Midsection Length - Calibers

Figure 14. Variatioh of Forebody Axial Force Coefficient with Body
Midsection Length for Various Noses on 9-Caliber Midsection
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/A.{ O o071
) ] T
I 2 3 E
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0.06 Ly/b=3
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N, 0.5
{Deg
0.04
L’
-
1 ] | 1
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Mo,
0.06
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N, 005
/Deg
0.04 ~
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s
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Figure 15. Variation of Normal Force Coefficient Slope with Mach Number
for Various Noses on 9-Caliber Midsection
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0.06 i ! 0:?
03
& 55— — = .
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[Deg

0.04

y 0.25 s 0.75
: 0.50 ) 1.00
Rn/Ry

| | L ] |
0.25 0.50 0.75 1.00
Rn/Rg

Figure 16. Variation of Normal Force Coefficient 5lope with Nose Bluffness
Ratio for Various Noses on 9-Calibrr Midsection

44




0.06 ~ M, =15
Ny, 0.05 A 5 o) —& —— 6
[Deg
0.04 <
1 ] 1
N ! 5 3 4
0.06 - E My, = 2.0
C 0.05 afffir
Ny E
/Deg
0.04 -
) ]
0 I 3 3 4
M, =30
0.06 - £ = —
m
CNa 0.05-'
/Deg
0.04 -
¥ I ]
0 i 2 3 4
Mg, =4.0
Qo
4
0.06 - Lo 4
-4
C O
ng, 0057 & L -0
¢ 5 o
0.04 T 1
0 ' %
I 2 LN/D 3 4
Figure 17. Variation of Normal Force Coefficient Slope with Nose Fineness

Ratio for Various Noses on 9-Caliber Midsection
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Figure 18. Variation of Normal Force Coefficient Slope with Midsection
Length for Various Noses »n 9-Caliber Midsection
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Figure 19. Variation of Pitching Moment Cocfficient Slope with
Mach Number for Various Noses on 9-Caliber Midsection
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Figure 20. Variation of Pitching Moment Coefficient Slope with Nose
Bluffness Ratio for Various Noses on 9-Caliber Midsection
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Figure 21. Variation of Pitching Moment Coefficient Slope with Nose Fineness
Ratio for Various Noses on 9-Caliber Midsection
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Figure 22.
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Figure 22, Variation of Pitching Moment Coefficient Slope with Midsection
Length for Various Noses on 9-Caliber Midsection (Concluded)
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Figure 23. Variation of Normal Force Coefficient with Angle of Attack
for 2- and 4-Caliber Noses on 9-Caliber Midsection
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Figure 23. Variation of Normal Force Coefficient with Angle of Attack
for 2- and 4-Caliber Noses on 9-Caliber Midsection (Concluded)
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(a) 4-Caliber Noses

Figure 24. Variation of Pitching Moment Coefficient with Angle of Attack
for 2- and 4-Caliber Noses on 9-Caliber Midsection
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Figure 24. Variation of Pitching Moment Coefficient with Angle of Attack

for 2- and 4-Caliber Noses on 9-Caliber Midsection (Concluded)
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Figure 25. Variation of Center of Pressure with Angle of Attack for 2-
and 4-Caliber Noses on 9-Caliber Midsection
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(b) 2- and 4-Caliber Noses

Figure 25. Variation of Center of Pressure with Angle of Attack for 2-
and 4-Caliber Noses on 9-Caliber Midsection (Concluded)
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Nose Configuration

O N26M5,A17
D N27IMS5.A17
O N29MS5,Al7

= O N31.M5A17
O N30M5,A17

Note:
0.7 Flagged Symbols for
9-Caliber Midsections
0.6
0.5
(‘AF
(a=0")
0.4 -
0.3 4
o T—8——a
§ g
o
0.1 ; 5 ; '
0 ] 2 3 4
M

Figure 26. Variation of Forebody Axial Force Coefficient with Mach Number
for 2.25-Caliber Noses on 5- and 9-Caliber Midsections
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APPENDIX A

(1T) Transonic Tabulated Data
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