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EXPERIMENTAL AERODYNAMIC INVESTIGATIONS OF CONFIGURATION SHAPE FOR ]

RING TAIL MISSILES AT MACH NUMBERS FROM 0.5 TO 1.3 i

By C. Wayne Dahlke & J. C. Craft

ABSTRACT

Experimental aerodynamic investigations were conducted during January,
1972 at the AEDC PWT 4T wind tunnel on approximately 20 different configurations
of ring tail missiles. The more important geometric parameters considered were
ring tail support strut length, strut start position, and ring tail to center-
body diameter ratio. Six component aerodynamic force and moment data were re-
corded over an angle of attack range from -6° to 6° at Mach numbers ranging from
0.5 to 1.3.
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NOMENCLATURE

General
SADSAC
SYMBOL SYMBOL DEFINITION
" speed of sound; m/sec, ft/sec 1
Cp CP precsure coefficient; (p; - pw)/a
M MACH Msch number; V/a
p pressure; N/m¢, pst
q Q(NsM) dynemic pressure; 1/2pV°, N/m”, psf
Q(PSF)
RN/L RN/L unit Reynolds number; per m, per ft
v velocity; m/sec, ft/sec
o ALPHA angle of attack, degrees
B BETA angle of sideslip, degrees
V) PSI angle of yaw, degrees
@ PHI sngle of roll, degrees
P mess density; kg/m3, slugs/ft3
Reference & C.G. Definitions
Ab base sres; me, ft°
: b BREF wing span or reference spsn; m, ft
?' Cole center of gravity
é‘ 4%EF LREF reference length or wing mean
;i c gerodynamic chord; m, ft
g & SREF wing area or reference ares; m?, £t2
.g MRP moment reference point
fi XMRP moment reference polnt on X axis
f? YMRP moment reference point on Y axis
g; ZMRP moment reference polnt on Z axis
g SUBSCRIPTS
base
& locsal

static conditions
totnal conditions
f'ree ntresm
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SYMBOL

Ca

CAb

Ca

y)

SADSAC
SYMBOL

CN

CA

(0 4

CAB

CAF

CIM

CBL

NOMENCLATURE
(Continued)

Body-Axis System

DEFINITION

normal-force coefficient; EEEEELEEPrce
q

axial-force coefficient; &Xia .lsforce
aQ

side-force coefficient; side gorce
q

base axial-force coefficient; R&s€ axi;l force
q

-Ap(Pp - Po)/as
forebody axial force coefficient; Cp - CAb

pitching-moment coefficient; Pitching moment
98 rrp

yawing-moment coefficient; Xawingsﬁoment
q

rolling-moment coefficient; rollig% moment
q
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INTRODUCTION

The military services continue to be interested in tube leunched missiles.
This method of launch rules out large fixed protuberances, such as fins on the
missile which are necessary for flight stabilization. One method utilized to
aerodynamically stabilize missile shapes without protuberances and which is
asdaptuble to tube launch is the adaptation of a longitudinally supported ring
tail (LSRT).

Therc have been several wind tunnel investigations mude in the past on
missiles of this type, but they were directed toward system development studies
or single parameter variations. There has not been an approach taken to study
the various parameters with a single configuration buildup.

The test described herein was designed to provide data for several of
the variables that may be considered during the design of a longitudinally sup-
ported ring tail missile. Some of these variables are: ring tall support strut

length; centerbody loads; centerbody/ring diameter ratio: ring chord length and
nose shape.

The basic model configuration was selected from itypical tube launched mis-
sile designs which from a review study revealed that warheads generally had
length to maximum diameter ratios of 3.5 to 4.0. The fore section is typically
a blunted 10-15 degree half-angle cone with the aft section of the nose being
conical or ogival. When the cones are used the mid section is typically &
cylinder followed by a conical boattail with a half angle about the same as the

fore section. Figures 1 and 2 are photographs of typical test models installed
in the tunnel.




CONFIGURATIONS INVESTIGATED

This investigation utilized one nose section, N;; four solid sleeves (mid
sections), Mj, Mr My and M,; six combinations of solid sleeve and ring tail,
Ry, Ry, Rj, R, 5.and Rg; éive centerbodies, C;, Cy, C3, C4 and Cs; and one
boattail, Bl' The Data Set Collation Sheets (Table II) list the various combi-
nations the components were tested in. Figure 3 shows the detail dimensions of
the nose and boattail. Figure 4 depicts the solid sleeves. Figure 5 shows
the sleeve and ring tai] critical dimensions and Figure 6 delineates the center-
body dimensions. Figure 7 parametrically displays the various complete configu-
rations investigated.

TEST FACILITY DESCRIPTION

The AEDC-PWT Aerodynamic Wind Tunnel (4T) is a closed loop, continuous
flow, variable density tunnel in which the Mach number can be varied from 0.2
to 1.3. At all Mach numbers, the stagnation pressure can be varied from 200 to
3400 psfa. The test section 18 4 feet square and 12.5 feet long with perforated
variable porosity (0.5 to 10 percent open) walls. It is completely enclosed in
a plenum chamber from which air can be evacuated allowing part of the tunnel
airflow to be removed thru the perforated walls of the test section. A more
thorough description of the tununel may be found in Test Facilities Handbook
(Ninth Edition) "Propulsion Wind Tunnel] Facility, Vol 4," Arnold Engineering
Development Center, July 1971.
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REDUCTION OF DATA

The six component aerodynamic forces and moments messured by the internsl
strain gage balance have been reduced to coefficient form in the body prime
axis system using the following reference dimensions: (See figure 8.)

SREF = body maximum cross sectionsl erea = 7.068 1n®
D = IREF = bREF = body maximum dismeter = 3.0 inches

Moments sre referenced to the missile nose (station 0.0). The body prime sxis
system mointalns the normael force and pitching moment in the pitch plane regsrd-
less of model attitude. When the model roll sngle is zero the body axis system
and the body prime axis system are coincident. For other roll conditions:

CNP CN cos ¢ - Cy sin ¢

1]

CYP Cy cos ¢ + Cy sin ¢

ClMp = Oy, (X/Lrep)

[}

CiNp = Cy,, ( X/brpp)

The longitudinal center of pressures (XCP) are presented as a percent of body
dismeter (XCP/D) with negative direction being u#ft of the nose; (i.e. & positive
normal force gives & negative pitching moment sbout the missile nose). They
were calculated by the equation:

XCP/D = Cma/CNa

with the gradients belng determined between +1.25 degrees sngle of attack.

Table I gives an estimate of the data accuracy.
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TABLE I.

DATA PRECISION

Mo Cn Cy Ca

0.50 +0.010 +0.040 +0.020
0.80 +0.006 +0.023 40.012
0.95 40.005 +0.021 40.011
1.00 40.005 +0.020 +0.010
1.05 +0.005 +0.019 +0.010
1.10 +0.005 +0.019 +0.010
1.20 +0.005 +0.018 +0.010
1.30 +0.005 +0.018 +0.009
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Figure

TABLE III. INDEX OF MODEL FIGURES

Title
Model NjM;B;C; Installed in AEDC-PWT 4T Wind Tunnel
Model NjR;C, Installed in AEDC-PWT 4T Wind Tunnel
Nose, N} and Boattail Bj Details
Solid Sleeve Details
Solid Sleeve with Ring Tail Details
Centerbody Details
Model Assembly Details

Axis System
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TABLE IV. INDEX OF DATA FIGURES
Plot Varying
Plot Title Schedule Condition Page
Basic Longitudinal Characteristics A Mach No. 1-1i0
Effcct of Afterbody Length B Configuration 111-112
Effect of Afterbody Length with Centerbody (6 Configuration 113-11k
Centerbody Diusmeter Effect (No Ring) ¢ Configuration 115-118
Centerbody Diameter Effect (With Ring) C Configuration 119-122
Effect of Afterbody Length and Centerbody ¢ Configuration 123-126
Effect of Strut Iength C Configuration 127-128
Effect of Strut Length with Centerbody C Configuration 129-130
Effect of Strut Length and Centerbody Diameter (6 Configuration 131-132
Effect of Strut Length and Centerbody ILength (6 Configuration 133-13k4
Effect of Strut Width (o Configuration 135-136
Loads on Centerbody (with Ring) C Configurution 137-138
Effect of Aspect Ratio c Configuration 139-140
Effect of Aspect Ratio and Centerbody Diameter C Configuration 141-142
Effect of Boattail (6 Configurstion 143-1L4k4
Effect of Model Roll Angle c Roll Angle 145-152

Plot Schedules:
A) Cy» Cp vs- @

B) On, Cmg XCP/D, (Ca),_o» (Cpr), Vs

Mach number

C) CNgs Cmy XCP/D, (Cp)y=0 VS« Mach number
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FIGURE 1. MODEL ZHZNwHOH
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FIGURE 2. MODEL NyRjCp INSTALLED IN AEDC-PWT 4T WIND TUNNEL
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: NOTE: POSITIVE DIRECTIONS SHOWN.
; Cn AND Cm ARE IN THE PITCH

3 PLANE REGARDLESS OF THE MODEL
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FIGURE 8. AXIS SYSTEM
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DATA FIGURES

Note: Tabular Data are available upon request.
If interested contact report originator.
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CENTERBODY DIAMETER EFFECT (NG RING)
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P - e ~  FORN, SOV NON.
E |
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-0.5 ; _— 4 751
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% 0.1 0.2 0.3 0.4 0.5 0.8 0.7 o.e 0.9 1.0 1.1 1.2 1.3 1.4 1.8
MACH
3‘ CATA SET SYMBOL CONFIGURATION DESCRIFTION PHI M-LGTH C-LGTH C-ClA REFERENCE INFORMATION
3 (BTAMDZ) Q AECC TEST PWT-47201 CONE-CYLINDER, NiM2 0.000 1.900 SREF r.0686 SQ.IN.
> (BTAMI2) AECC TEST PWT-4T201 CONE-CYLINCER, NiM2CS5 0.000 1.500 $.000 0.400 LREF 3.0000 INCHES
M BREF 3.0000 INCHES
XMRP 0.0000 INCHES
YMRP 0.0000 INCHES
>4 IMRFP 0.0000 INCHES
3 SCALE 0.0000  NONE
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CENTERBODY DIAMETER EFFECT (NO RING)
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; 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 ‘
9 MACH i
DATA SET SYMBOL  CONFIGURATION CESCRIPTION PHI M-LGTH C-LGTH C-CIA REFERENCE INFORMATION !
4 (CTAMOE) g AEDC TEST PWT-4T201 CONE-CYLINDER, N1iM2C1 0.000 1.530  5.000 0.400 SREF 7.0686  Sa.IN.
'3 (RTAM10) AEDC TEST PWT-4T201 CONE-CYLINDER, NiM2C2 0.000 1.500 5.000 0.500 LREF 3.0000 INCHES
: (RTAM11) ¢  AEDC TEST PWT-4T201 CONE-CYLINCER, N1M2C3 0.000 1.500 5.000 0.670 BREF 3.0000  INCHES
XMRP 0.0000 INCHES
YMRP 0.0000 INCHES
ZMRP 0.0000  INCHES :
SCALE 0.0000  NONE i
!
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CENTERBUDY DIAMETER EFFECT (NO RING)
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- MACH
. CATA SET SYMBOL  CONFIGURATION CESCRIPTION PHI M-LGTH C-LGTH C-CIA REFERENCE INFORMATION
: (BTAMOE ) g AECC TEST PWT-4T201 CONE-CYLINDER, N1N2C1 0.000 1,870 5,000 0,400 SREF 7.0686  S@.IN.
(BTAM10) AEDC TEST PWT-4T7201 CONE-CYLINDER, NiN2C2 0.000 1.500 5,000 0,500 LREF 3.0000  INCHES
Z (BTAMI1) <  AEDC TEST PWT-4T201 CONE-CYLINDER, N1M2C3 0.000 1.500 5,000 G.670 BREF 3.0000  INCHES
Ke XMRP 0.0000  INCHES
iy YMRP 0.0000  INCHES
4 ZMRP 0.0000  INCHES
1 SCALE 0.0000  NONE
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CENTERBODY DIAMETER EFFECT (WITH RING)
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MACH
CATA SET SYMBOL  CONFIGURAT.ON DESCRIPTION PHI M-LGTH C-LoTH C~CIA REFERENCE INFORMATION
3 (CTARD2) 8 AECC TEST PWT-4T7201 CONE-CYL. W/RING TAIL, Ni1R2 0.000 1.509 SREF 7.0686 SQ.IN.
[ (RTAR25) AECC TEST PwWi 47201 CONE-CYL. W/RING TAIL,NiR2CS 0.000 1.500 5.000 0.400 LREF 3.0000 INCHES
{ BREF 3.0000  INCHES
- XMRP 0.0000  INCHES
22 YMRP 0.0000  INCHES
ZMRP 0.0000  INCHES
ri SCALE 0.0000 NONE
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CENTERBODY DIAMETER EFFECT (WITH RING)
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MACH
CATA SET SYMBOL CONFIGURATION DESCRIPTION PHI M-LGTH C-LGTH C-CIA REFERENCE INFORMATION
(BTARO2) g AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NIR2 0.000 1.500 SREF 7.0686  S@.IN.
(BTAR25) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2CS 0.000 1.500 $.000 0.400 LREF 3.0000  INCHES
BREF 3.0000  INCHES
XMRF 0.0000  INCHES
YMRF 0.0000  INCHES
ZMRP 0.0000  INCHES
SCALE 0.0000  NONE
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Y DIAMETER EFFECT (WITH RING)
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MACH
DATA SET SYMBOL CONFIGURATION CESCRIPTION FHI M-LGTH C-LGTH C-CIA REFERENCE INFORMATION
(RTARO9) Q AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C1 0.000 1.509 5.000 0.400 SREF 7.0€86  SQ.IN.
(RTAR18) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C2 0.000 1.500 5.000 0.500 LREF 3.0000  INCHES
(RTAR20) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C3 0.000 1.500 5.000 0.670 BREF 3.0000 INCHES
XMRP 0.0000 INCHES
YMRP 0.0000  INCHES
IMRP 0.0000  INCHES
SCALE 0.0000 NONE
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CENTERBODY OIAMETER EFFECT (WITH RING)
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MACH
OATA SET SYMBOL  CONFIGURATION DESCRIPTION PHI M-LGTH C-LGTH C-DIA REFERENCE INFORMATION
(BTAROD) g AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C1 0.000 1.500 $.000 0.400 SREF 7.06868 8Q.IN
(BTAR1S) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C2 0.000 1.%500 5.000 0.500 LREF 3.0000  INCHES
(aTaR20) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,NIR2C3 9.000 1.500 5,000 D.670 BREF 3.0000  INCHES
XMRP 0.0000  INCHES
TMRP 0.0000 INCHES
IMRP 0.0000  INCHES
s SCALE 0.0000 NONE
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EFFECn

OF AFTERBODY LENGTH AND CENTERBODY
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MACH
CATA SET SYMBOL CONFIGURATION CESCRIPTION PHI M-LGTH C-LGTH C-CIA REFERENCE INFORMATION
(RTAMOS ) g AECC TEST PWT-4T7201 CONE-CYLINCER, NiMiCH 0.000 2.250 $.000 0.400 SREF 7.0686 SQ.IN.
(CTAMOS®) AECC TEST PWT-4T7201 CONE-CYLINCER, Ni1M2C1 0.000 1.500 5.000 0.400 LREF 3.0000 INCHES
(RTAM1O) O AEDC TEST PWT-4T201 CONE-CYLINCER, N1M2C2 0.000 1.500 5.000 0.500 BREF 3.0000 INCHES
XMRF 0.0000 INCHES
YMRP 0.0000 INCHES
IMRP 0.0000 INCHES
SCALE 0.0000 NONE
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EFFECT OF AFTERBODY LENGTH AND CENTERBODY
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MACH
CATA SET SYMBOL  CONFIGURATION DESCRIPTION PHI C-LGTH  C-CIA REFERENCE [NFORMATION
(BTAMOS) Q AEDC TEST PWT-4T201 CONE-CYLINDER, NiM1C1 0.000 5.000 0.400 SREF 7.0686  SQ@.IN
(BTAMO6) AECC TEST PWT-4T201 CONE-CYLINDCER, NiM2C1 0.000 5.000 0.400 LREF 3.0000  INCHES
(BTAM10) [e AECC TEST PWT-4T7201 CONE-CYLINDER, NiM2C2 0.000 5.000 G.500 BREF 3.0000 INCHES
XMRP 0.0000  INCHES
YMRP 0.0000  INCHES
ZuRP 0.0000  INCMES
SCALE 0.0000  NONE
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EFFECT OF AFTERBODY LENGTH AND CENTERBODY
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CONFIGURATION CESCRIFTION PHI
AEDC TEST PWT-4T7201 CONE-CYLINCER, N1M1C4 0.000
AECC TEST PWT-47201 CONE-CYLINDER, NiM2C2 0.000
AEDCC TEST PWT-4T201 CONE-CYLINCER, NiM1C1 g.000

M=-LGTH
2.2¢0
1.500
2.250

C-LGTH
€.500
5.000
5.000

CATA SET SYMBOL
(RTAM13)
(RTAM10)
(rRTAMOS) O

c-cIaA
0.500 SREF
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XMRP
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IMRP
. SCALE
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| . DATA SET SYMBOL  CONFIGURATION DESCRIPTION PHI M-LGTH C-LGTH C-CIA REFERENCE INFORMATION
(BTAMLY) AEDC TEST PWT-4T7201 CONE-CYLINDER, NiMiC4 0.000 2.2%0 6.500 0.500 SREF 7.0686 SQ.IN.
| - (BTAM10) AEDC TEST PWTI-4T201 CONE-CYLINDER, NiM2C2 0.000 1.500 5.009 0.500 LREF 3.0000  INCHES
| (BTAMOS ) 0 AECC TEST PWT-4T201 CONE-CYLINCER, NiMiIC1 0.000 2.259 $.000 0.400 BREF 3.0000 INCHES
XMRP 0.000¢ INCHES
YMRP 0.0000 INCHES
2 IMRP 0.0000 INCHES
3 SCALE 0.0000  NONE
¥
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CONFIGURATION DESCRIPTION
AECC
AEDC
AEQC
AECC

TEST PWT-4T201 CONE-CYL.
TEST PWT-4T201 CONE-CYL.

TEST PWT-4T201 CONE-CYLINDER, NiM4
W/RING TAIL,
W/RING TAIL,
TEST PWT-4T201 CONE-CYL. W/RING TAIL,

0.9 1.0 1.1

M=-LGTH
5.750
2.250
1.500
0.750

LS-LGH

2.500
3.250
4.000

1.2

1.3

Ak b b a kb
4

sirhien

REFERENCE INFORMATION

SREF
LREF
BREF
XMRP
YMRP
IMRP
SCALE

7.0686
3.0000
3.0000
0.0000
0.0000
0.0000
0.0000
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CATA SET SYMBOL  CONFIGURATION CESCRIPTION PHI M-LGTH LS-LGH REFERENCE INFORMATION
(BTAMO4) 8 AEDC TEST PWT-4T7201 CONE-CYLINCER, N1M4 0.000 5.750 SREF 7.0686  Sa.IN.
(BTAROL) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR1 0.000 2.250 2.500 LREF 3.0000  INCHES
(BTARO2) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL, N1R2 0.000 1.500 3.250 BREF 3.0000  INCHES
(BTAROS) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NIR3 0.000 0.750 4,000 XMRP 0.0000  INCHES
YMRR 0.0000  INCHES
ZuRP 0.4000 INCKES
SCALE 0.0000 NONE
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CATA SET SYMBOL  CONFIGURATION CESCRIFTION FHI M-LGTH  LS-LGH REFERENCE INFORMATION
(RTAROS8) g AECC TEST PWT-4T7201 CONE-CYL. W/RING TAIL,N1R1C2 0.000 2.250 2.500 SREF 7.0686 SQ.IN.
(RTAR1S) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C2 0.000 1.500 3.250 LREF 3.0000 INCHES
(RTAR1?) O AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R6C2 0.000 2.250 4.000 BREF 3.0000 INCHES
XMRP 0.0000 INCHES
YMRP 0.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.0000 NONE
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CAT4 SET SYMBOL CONF IGURATION CESCRIPTION FHI M-LGTH LS-LGH REFERENCE INFORMATION
(BTAROS) g AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1RiC2 0.000 2.250 2.590 SREF 7.0686 SQ.IN.
(BTARLIS) AEDC TEST PWT-4T7201 CONE-CYL. W/RIWNG TAIL,N1R2C2 0.000 1.500 3.250 LREF 35.0000 INCHES
(BTARL17) O AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R6C2 0.9090 2.250 4.000 BREF 3.0000 INCHES
XMRP 0.0000 INCHES
YMRF 0.0000 INCHES
IMRP 0.0000 INCHES
SCALE 0.0000 NONE
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(RTARO9) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C1 1.500 3.250 5.000 0.400 LREF 3.0000  INCHES
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(RTAR21) 9 AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C4 1.500 5.250 6.500 0.53G SREF 7.0686  SQ@.IN.
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i XMRP 0.0000 INCHES
- YMRP 0.0000  INCHES
- ZMRP 0.0000 INCHES
3 SCALE 0.0000 NONE
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DATA SET SYMBOL  CONFIGURATION DESCRIPTION M-LGTH LS-LGH C-LGTH C-CIA REFERENCE INFORMATION
(BTARZ21) g AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,NiR2C4 1.500 3.250  6.500 0.500 SREF 7.0686  S@.IN.
(BTAR22) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,NI1R6C4 2.250 4.000  6.500 0.500 LREF 3.0000  INCHES
(BTAR17) <  AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,NiR6C2 2.250  4.000 5.000 U.500 BREF 3.0000  INCHES
XMRP 0.0000  INCHES
YMRP 0.0000  INCHES
IMRF 0.0000 INCHES
SCALE 0.0000  NONE
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EFFECT OF STRUT WIDTH
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MACH
% CATA SET SYMBOL CONFIGURATION DESCRIPTION M-LGTH S-WCTH C-LGTH C-DIA REFERENCE INFORMATION
L3 (RTAROS) Q AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R1C2 2.250 0.230 5.000 0.500 SREF 7.0686  S@.IN.
3 (RTAR14) AECC T¢ T PWT-4T201 CONE-CYL. W/RING TAIL,NIR5C1 2.250 0.400 5.000 0.400 (REF 3.0000  INCHES
- BREF 3.0000  INCHES
o XMRE 0.0000 INCHES
YMRP 0.0000 INCHES
&4 IMRP 0.0000  INCHES
% SCALE 0.0000  NONE
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EFFECT OF STRUT ¥
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MACH
DATA SET SYMBOL CONFIGURATION DESCRIPTION . M-LCTH $-WDTH C-LcTH C-DIA REFERENCE INFORMATION
(BTAROS) g AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,NIRIC2 2.250 0.200 5.000 0.500 SREF 7.06866 S@&.1IN.
(BTAR14) AEDC TEST PWT-4T201 CONE-CYL., W/RING TAIL,NIR5E1 2,250 D.400 $.000 0.400 LREF 3.0000 INCHES
BREF 3.0000 INCHES
XMRP 0,0000 INCHES
T YMRP 0.0000 INCHES
ZMRP 0.0000 IMCHES
. SCALE 0.0000  NONE . ..
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LOADS ON CENT

ERBOOY

(WITH RING)
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MACH
CATA SET SYMBOL  CONFIGURATION CESCRIPTION M-LGTH LS=LGH C-LGTH C-CIA REFERENCE INFORMATION
(CTAROZ) g AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, N1R2 1.500 3.250 SREF 7.0686  SQ.IN.
(RTARO9) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C1 1.500  3.250 5.000 0.400 LREF 3.0000 INCHES
BREF 5.0000  INCHES
XMRP 0.0000  INCHES
YMRP 0.0000  INCHES
IMRP 0.0000  INCHES
SCALE 0.0000  NONE
PAGE 137




LOADS ON CENTERBODY (WITH RING)
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A , MACH
3 CATA SET SYMBOL  CONFIGURATION DESCRIPTION M-LGTH LS-LGH C-LGTH C-CIA REFERENCE INFORMATION
- (BTARDZ) g AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR2 1.500 3.250 SREF 7.0686  SQ.IN.
. (BTARDY) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C1 1.500 3.250 5.000 0.400 LREF 3.0000 INCHES
BREF $.0000  INCHES
XMRP 0.0000 INCHES
YMRP 0.0000 INCHES
4 IMRP 0.0000  INCHES
SCALE 0.0000 NONE
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EFFECT

OF ASPECT RATIO
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“To.0 0.1 a.z 0.3 0.4 a.s 0.6 a.r a.8 a. 9 t.0 1.1 1.2 1.3 1.4
MAC 4
CATA SET SYMBOL CONFIGURATION CESCRIPTION M-LGTH LS-LGH S-WCTH R-WCTH REFERENCE INFORMATION
(RTARO1) g AEDC TEST ®WT-4T201 CONE-CYL. W/RING TAIL, N1R1 2.250 2.590 0.200 1.000 SREF v.0686  SQ.IN.
(RTARO7) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR4 2.250 3.000 0.200 1.000 LREF 3.0000  INCHES
BREF 3.0000  INCHES
XMRP 0.0000  INCHES
YMRP 0.0000  INCHES
ZMRP 0.0000  INCHES
SCALE 0.0000  NONE
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MACH
DATA SET SYMBOL  CONFIGURATION CESCRIFTION M-LGTH LS-LGH S-WDTH R-WOTH REFERENCE INFORMATION
(BTARO1) g AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL, N1R1 2.250 2.4%00 0.200 1.000 SREF 7.0686  SQ.IN.
(BTARO7) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, N1R4 2.250 3.000 0.200 1.000 LREF 3.0000 INCHES
BREF 3.0000 INCHES
XMRP 0.0000  INCHES
YMRP 0.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.0000  NONE
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EFFECT OF ASPECT RATIO AND CENTERBODY DIAMETER
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MACH
CATA SET SYMBOL CONFIGURATION CESCRIPTION PHI M-LGTH C-LGTH C-CIA REFERENCE INFORMATION
(RTAROB) g AECC TEST PWT-4T7201 CONE-CYL. W/RING TAIL,N1R1C2 0.000 2.270 5.000 0.500 SREF 7.0686 SQ.IN.
(RTAR13) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R4C1 0.000 2.250 5.000 0.400 LREF 3.0000 INCHES
BREF 3.0000 INCHES
XMRP 0.0000 INCHES
YMRP 0.0000 INCHES
INRP 0.0000 INCHES
SCALE 0.0000 NONE
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EFFECT OF ASPECT RATIO AND CENTERBODY DIAMETER
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CONFIGURATION CESCRIPTION PHI M-LGT

AECC TEST PWT-4T7201 CONE-CYL. W/RING TAIL,NiR1C2 0.0900 2.05
AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,NfR4Ct 0.0060 z.25

CATA SET SYMBOL

(BTARO®) 8
(BTARLY)

H C-LGTH

0 5.000
g 5.000

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

C-CIA
0.500
0.400

|
- |
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| SRR
- |
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-
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REFERENCE INFORMATION

SREF
LREF
BREF
XMRP
YMRFP
IMRP
SCALE

7.0686
3.0000
3.0000
0.0000
0.0000
0.0000
0.0000

PAGE

SQ.IN.
INCHES
INCHES
INCHES
INCHES
INCHES
NONE
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EFFECT OF BOATTAIL
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MACH
DATA SET SYMBOL  CONFIGURATION DESCRIPTION M-LGTH LS-LGH C-LGTH C-CIA REFERENCE INFORMATION
(CTAMOS) g AECC TEST PWT-4T201 COME-CYLINDER, NiM2C1 1.500 5.000 0.400 SREF 7.0686  SQ.IN.
(RTAMOS) AEDC TEST PWT-4T201 CONE-CYLINCER, N1M2B1C1 1.500 $.000 0.400 LREF 3.0000  INCHES
BREF 3.0000 INCHES
XMRP 0.0000  INCHES
YMRP 0.0000  INCHES
ZMRP 0.0000  INCHES
SCALE 0.0000  NONE
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MACH
DATA SET SYMBOL CONF IGURATION CESCRIFTION M-LGTH LS-LGH C-LGTH C-CIA REFERENCE INFORMATION
(8TAMO6) g AEDC TEST PWT-4T201 CONE-CYLINCER, NiM2C1 1.500 $.000 0.400 SREF 7.0€686 SQ.IN.
(BTAMO8 ) AECC TEST PWT-4T201 CONE-CYLINCER, NIM2B1C1 1.500 5.000 0.400 LREF 3.0000 INCHES
BREF 3.0000 INCHES
XMRFP 0.0000 INCHES
YMRP 0.0000 INCHES
IMRP 9.0000 INCHES
SCALE 0.0000 NONE
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- CATA SET SYMBOL CONFIGURATION DESCRIPTION PHI M-LGTH LS-LGH PEFERENCE INFORMATION
. (CTARO2) Q AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiIR2 0.000 1.%400 3.250 SREF 7.0686 SQ.IN.
" (RTARODS) AEDC TEST PWT-4T7201 CONE-CYL. W/RING TAIL, NiR2 22.500 1.500 3.250 LREF 3.0000 INCHES
? (RTARO4) O AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR2 45.000 1.50C 3.250 BREF 3.0000 INCHES
L XMRP 0.0000 INCHES
o YMRP 0.0000 INCHES
' IMRP 0.0000 INCHES
SCALE 0.0000 NONE
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MACH
CONFIGURATION DESCRIPTION PHI M-LCTH LS-LGH REFERENCE INFORMATION
AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR2 0.000 1.509 3.250 SREF T.0686 SQ.IN.
AEDC TEST PWT-4T7201 CONE-CYL. W/RING TAIL, NiR2 22.500 1.500 3.250 LREF 3.0000 INCHES
O AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR2 45.000 1.500 3.250 BREF 3.0000 INCHES
XMRP 0.0000 INCHES
YMRP 0.0000 INCHES
IMRP 0.0000 INCHES
SCALE 0.0000 NONE
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MACH
CATA SET SYMBOL CONF IGURATION DESCRIFPTION FHI M-LGTH LS-LGH REFERENCE INFORMATION
(CTARO2) g AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR2 0.000 1.200 3.250 SREF 7.0686 SQ.IN.
(RTAROS) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR2 180.000 1.500 3.250 LREF 3.0000 INCHNES
BREF 3.0000 INCHES
XMRF 0.0000 INCHES
YMRP 0.0000 INCHES
IMRP 0.0000 INCHES
SCALE 0.0000 NONE
PAGE 147
L7 S it G

i LY rppe—

[ —————r




EFFECT OF MODEL ROLL ANGLE

L e R LA v o e i e e ) AT T s ' il e s o ' S i e e U L
E , 3
0.9 e =t + e + - . T + + + - + . o
E | -
0.0 " i) e = ; i T . -
| PSSR LR Par
3 \ | ‘ 3
3 s e - + =
L i i 1
3 «< H ] 3 :
< I — b e, + - :
S ook % T < (
b | -
o | 3
(I o o I = - 2 = I =
b i 1 :
0.3 F e = 4’ T -
- {
s , | !
o.2 | —_—— == ) ey e [ I = ; —
; L 0 G
AR TR
0 : VS Eo bk ok Al ) =R Y o - £ 2 2 LAt | Y £k kL oS O 1 b bk N ool b bkl l - >
‘0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.9
MACH
T RIS ARET G R AR BT R R vrv-lvvrr =t E A o f1?~rTfrr"1
0.5 ; +” ST SryE it +”* ‘ “
0.0 F 1 1 [ 4 l
3 | 2 .
-a.s E ———pp e »
E ! ‘ 2|
o ook AU SRS S T S -
<18 E [ S |
E | | o :
-z2.0 F e e e e R — e + . - ;
5 3 S P A S te O CORE  SERE) [OOSR ST - 1
i I { | : ‘
Q .saf e :
- & - f ) ST S S N -.
x E 2 )
-4.0 F 1:%7 & - — e S ;
-as F — — :
o BHEY EieS: MmN 1 I TEL R SR e
: 5.5 F - e S 3
3 | ~
PO T RS FEWEY WS BRSSO ,,AAJ,J__L_‘_J_JL,‘,L_.Y_ ALY (PR . SO i
B “o.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
i MACH
b CATA SET SYMBOL CONF IGURATION DESCRIPTION PHI M-LGTH LS-LGH PEFERENCE INFORMATION
(BTARO2) g AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR2 0.000 1.530 3.250 SREF 7.0686  SQ.IN.
(BTAROS) AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL, NiR2 180,000 1.500 3.250 LREF 3.0000  INCHES
3 BREF 3.0009  INCHES E
XMRP 0.0000  INCHES |
YMRP 0.0000  INCHES
ZMRP 0.0000  INCHES
i SCALE 0.0000  NONE
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CATA SET SYMBOL CONFIGURATION DESCRIPTION FHI M-LGTH LS-LGH REFERENCE INFORMATION
; (RTAR18) g AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2C2 0.000 1.500 3.250 SREF 7.0686 SQ.IN.
% (RTAR19) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,NiR2C2 45.000 1.500 3.250 LREF 3.0000 INCHES
' BREF 3.0000 INCHES
; XMRP 0.0000  INCHES
- YMRP 0.9000 INCHES
‘s INRP 0.0000 INCHES
SCALE 0.0000 NONE
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DATA SET SYMBOL  CONFIGURATION DESCRIFTION FH MH=LETH  L3-LGH REFERENCE INFORMATION
(BTARLS) g AEDC TEST PWT-4T201 CONE~-CYL., W/RING TAIL,NiR2¢2 6,500 1.430  3.2%0 SREF T.DE88  S@.IN.
(BTARL9) AEDC TESY PWT-4T201 CONE-CYL. W/RING TAIL,N1RZCZ 49,000 1.300 3,259 LREF 3.08008  INCHES
BREF 3.0000 INCHES
} XHRP 0.0000 INCHES
YHRP 0.0000 INIMES
INRP 0.0000 INCMES
. scALE 0.6000  NONE
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OATA STT STHHOL CONFICURATION DESCRIPTION

(RTARES) 9 AEDC TEST PWT-4TEOY CONE-CYL,
(RTAR28) AEDC TESY PWT~4T20L CONE-CYL.
(RY&R27) [e) AEDC TEST PWTI-41201 CONE~CYL,

.8 o.r a.s

MACH -

. A 4 H
TAIL NIR2CS . 0.000
TAIL,NLRECS . 22.500

TAIL,NLIRRCS '(l!.ﬂﬂﬂ,

1.1 1.2

REFERENGE INFORMATION

SREF
LREF

BREF
XMRP
" YMRP
IMRP
SCALE

T.0888 Se.IN.
3,bn00 INCHES
1,0000 INCHES
0.0000 iNCHES
0,0000 INCHES
0.0000 INCHES
o.0000 NONE
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CATA SET SYMBOL  CONFI ATION CESCRIPTION PHI M-LGTH LS-LGH REFERENCE INFORMATION
(BTAR25) g AECC TEST PWT-4T7201 CONE-CYL. W/RING TAIL,N1R2CS 0.0C3 1.200 3.250 SREF 7.0686 SQ@.IN.
(BTAR26) AECC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2CS 22.500 1.500 3.250 LREF 3.0000 INCHES
(BTAR27) O AEDC TEST PWT-4T201 CONE-CYL. W/RING TAIL,N1R2CS 45,000 1.500 3.250 BREF 3.0000 INCHES
XMRF 0.0000 INCHES
YMRP 0.0000 INCHES
INRP 0.0000 INCHES
SCALE 0.0000  NONE
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