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NOTICE

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely related
Government procurement operation, the Unifed States Government
thereby incurs no responsibility nor any obligation whatsoever; and
the fact that the Goverrmcat may have formulated, furnished, or in any
way supplied the said drawings, speciiications, or other data, is nut tc
be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporstion or conveying any rights or
permission to manufacture, use, or sell any patented invention that may
in any way be related thereto.
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FOREWORD

This report was prepared for the United States Air Force by
Atlantic Research Corporation, A Division of The Susquehanna Corpora-
tion, 3333 Harbor Boulevard, Costa Mesa, California, in partial ful-
fillment of Contract F04701-68-C-0046, CDRL 3equence No, 21, for
ATHENA/6217A.

The program was performed by the Missile Systems Division
of Atlantic Research, under the direction of the Space and Missile Systems
Organization, Norton Air Force Base, California. The program monitor
was Colonel J. R. Smith,

The work reported in this document represents the efforts of
V. J. Baipsys, R. L. Benton, R. J. Hauser, J. W. McClymonds and
G. M. Petak who are members of the Systems Engineering Group of
the Missile Systems Division of Atlantic Research.

The number assigned to this document by Atlantic Research
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ABSTRACT

This document presents aerodynamic characteristics for the
ATHENA H reentry research vehicle. Data presented herein include longi- i
tudinal, lateral and directional sizbility characteristics and normai, side, ;
and axial force characteristics as a function of Mach number, for the
complete vehicle and expended stages. Also presented herein are aero-
dynamic loads on the vehicle appendage and external pressures on the major
and minor vehicle components. This information is presented in tzbular
and graphical form throughout the range of vehicle flight attitude and tra-
jectories to be experienced by ATHENA H.
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INTRODUCTION

This document is a comilation of the ATHENA 11 aerodynamic data which
were used for flight simulation and structural design. The data persented herein
describe total vehicle aerodynamic characteristics, component aerodynamic loads,
and external pressure distributions.

Total vehicle data are presented in tabular and graphical form for the Mach
number range from zero to ten within the linear angle of attack region. Reentry .rag
force data for the expended stages are presented as average drag forces for the indivi-
dual stages. These vehicle data as well as booster reentry data apply to both the Algol I-B
and Castor IV flight configurations since they are identical aerodynamically. External
pressures are presented for all compartments which will be vented during flight. These
pressures are presented for the Castor IV (TD 115 Motor data) trajectories since they are
slightly more severe than the pressures for the Algol II-B trajectories. Subsequent
analyses based upon trajectories using TD 123 motor data showed slightly differing
external pressure histories. However, as explained in Section V, these differing exter-
nal pressures had no significant affect upon the ATHENA H venting analysis. Since the
venting analysis is the only analysis affected by the external pressure histories, the
external pressures presented herein may be considered applicable to the trajectories
based upon TD 123 motor data.

The information presented herein is based on theoretical estimates, supported
and refined by subsonic, transonic, supersonic and hypersonic wind tunnel tests. These
were conducted with scaled total configuration models for verification of total aero~
dynamic characteristics, and will full scale aft section for verification of tab effective~
ness in roll.

— S . cu SRRTE T




B T S it
5

I
VEHICLE DESCRIPTION
The ATHENA H vehicle defined by Atlantic Research Corporation/Missile

Systems Division for the Air Force Space and Missile Systems Organization in support
of the ABRES test program is shown in Figure 2-1,

The first stage booster consists of an Algol 1I-B or Castor IV solid propellant’
motor. It is augmented by four Recruit solid propellant motors which are retained
during the boost flight. Atop each of the Recruit motors is piaced a modified single
wedge fin, These fins are designed to give minimum dispersion, adequate stability, and
minimum roll damping at lift-off. A complete analysis of the fin selection study is given
in Reference 1, Each fin has a wedge-shaped roll tab for roll augmentation. The fin and
tab geometries appear in Figures 2-2 and 2-3, respectively.

Vehicle spin is achieved by means of two spin motors, canted fins, and roll
tabs. The two spin motors are attached at approximately station 395. After spin motor
burn~-out, the motors are ejected to reduce vehicle drag. The spin profile is then con-
trolled by the canted fins and roll tabs. The roll tabs are most effective at transonic
speeds and reduce in effectiveness at increasing supersonic speeds. The fins are
canted by 0.15 degrees and each tab has a wedge angle of twenty-five degrees relative
to the fin surface. Tab size and fin cant angle has been selected such that a roll-yaw
coupling possibility is minimized during the minimum spin rate at transonic speeds and
also to provide a nominal steady state roll rate of 2.8 cycles per second at first stage
burnout,

After first stage burnout, the velocity package is separated and despun before the
the heat shield is released. The second stage will include either a Hercules X-259 or
Thiokol TX-261 solid propellant motor. This stage is attached to the first stage through
an adapter section which contains the attitude controller. The attitude controller is
released before second stage ignition.

The third stage includes a 23KS11, 000 motor. Fitted to the third stage shroud
are eight retrograde motors. After the third stage is despun and the payload ejected, the
retro motors are used to ensure the maximum separation distance between the terminal
stage and reentering pavload.
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TOTAL VEHICLE AERODYNAMIC CHARACTERISTICS

3.1 GENERAL

Figures 3-1 through 3-15 and Tables 3-1 and 3-2 of this section present the
boost phase aerodynamic characteristics for both the full configuration and for the velo-
city package. Figures 3~16 through 3-24 present axial fo 'ce, normal force and pitching
moment coefficients for the stable reentering first stage and average drag force coeffi-
cients for other tumbling ejected reentering stages and components. Figures 3-25 and 3-26
show the normal force parameter and center of pressure due to aerodynamic non-linearity.
These non-~linear coefficients will be used to simulate flights with real time winds to
establish launcher settings. All the coefficients are based upon a reference area or 8,727
square feet and a reference length of 3. 333 feet (the cross-sectional area and diameter
of the first stage motorj. These total vehicle aerodynamic characteristics were genera.cd
in support trajectory analyses.

Differences between the TX-261 and X-259 were assumed to be negligible when
accounting for total vehicle aerodynamics. The coefficients presented herein are to be
used for flight simulation.

3.2 BOOST PHASE AERODYNAMIC DATA

3,2.1 Longitudinal Stability Characteristics

Normal force slope and pitching moment slope are presented as a function of
Mach number in Figures 3-1 and 3-2, These derivatives are shown in the Mach number
range from 0 to 10.

To develop the total vehicle longitudinal aerodynamics, analytical methods
were used. The analytical results were refined by numerous wind tunnel tests for the
ATHENA H configuration. A variety of wind tunnel tests were conducted at subsonic,
transonic, supersonic and hypersonic speeds. These tests and their results are
described in Reference 1.

The effect upon normal force due to pitching rate is shown in coefficient form
in Figure 3-3. This coefficient accounts for additional sources of normal force due to
transient pitching rates during flight, The pitch damping coefficient is shown as a function
of Mach number in Figure 3-4. The coefficients in Figures 3-3 and 3~4 reflect the wind
tunnel test results provided in Reference 1.

3-1
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83.2.2 Latersl Stability Characteristics

Figures 3-5 and 3-6 show the total vehicle roll forcing and roil damping
coefficients versus Mach number, respectively. These coefficients rsflect the wird
tunnel results of Reference 1. Figure 3-7 depicts the tab effectiveness by presenting
the tab roll forcing coefficients versus Mach number, These coefficients were based
on wind tunnel results of the full size aft section of the ATHENA ! configuration,
The test results are presented in Reference 2.

3.2.3 Directional Stahility Characteristics

The side force coefficient slope, the yawing moment coefficient slope and
the side force due to yaw rate are considered to he equal and opposite in sign to the
normal force coefficient slope of Figure 3-1, the pitching moment coefficient slope
of Figure 3-2 and the normal force due to pitching rate coefficient of Figure 3-3. The
yaw damping coefficient is considered to be equal to the pitch damping coeificient
as presented in Figure 3-4,

3.2.4 Static Stability Margin Requirements

Figure 3-8 describes the basis for establishing the specification that the
vehicle cg will not be aft of Station 490 at Mach number = 5.0, At that Mach number
the static margin is mininum and the center of pressure is at Station 516. A static
margin requirement of twenty (20) inches was selected and this restricted the aft-most
most cg portion of station 490 at Mach number - 5.0. Figure 3-8 shows that such
a static margin requirement is met by comparing the co and a worst case cg history
corresponding to a two~-stage configuration with 0.0 pounds payload weight and 0.0 pounds
ballast weight, Other configurations will have cg locactions forward of those correspond-
ing to this critical configuration,

3.2.5 Axial FForce Characteristics

Total vehicle zero angle of attack drag coefficients are presented as
functions of Mach number in Figures 3-9, 3-10, and 3-11 for Mach numbers from
0 to 10.

I'igure 3-9 shows the CIS phase theoretical drag estimatc which was used in
defining specification performance and the specification weight of the vehicle. Upon
completion of wind tunnel tests conducted after the CIS phase, this drag estimate was
updated in order to incorporate the wind tunnel test results. The original dragugpdate
was based upon the preliminary wind tunnel test results and was adjusted for effects
of the discontinuities and protubeiaices which existed on the prototype vchicle, but
were not present on the wind tunnel model.

3-2
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The specification weight was then revised to be consistent with the new draw estimate.
Subsequently, it was found that due o incorrect data reduction, the original supersonie
wind tunnel drag coefficients * ere too high. The drag estimate was then adjusted to
incorporate the corrected test data and also to include the cffects of the addition of fin
tabs for improved rol! control. To this new drag was added a conservative estimate
for protuberance drag to allow for futi.re additions of discontiruities and protuberances.
This drag was then used as a basis for revising the specification weighi. This drag
estimate is presented in Figure 3-10 and is identified as "specification" drag. Figure 3-11
shows a "best estimate™ drag which represents the revised wind tunnel data combined
with a realistic estimate of current protuberance drag. The "best estimate" drag was
used for shaping the design trajectories. The drag in both Figures 3-10 and 3-11 are
presented during four phases of flight:

(1) Launch until Recruit burncut. 8
(2) Recruit burnout until spin motor ejection. '
{3) Spin motocr ejection until booster burnout.

{4) Booster burnout unzil first stage separation.

In the past, for booster dispersion analysis, a flight-to-flight variation of
vehicle drag coefficient of 10 per cent had been assumed in order to provide a budget
for drag variation. In view of the present estimates of flight-to-flight variation in
drag coeificients, 10 per cent uncertainty appears to be unrealistically high. Table 3-1
tabulates the incremental drag at Mach number = 3,0 due to all of the various discon-
tinuities, band protrusions, access door gaps, and various other cnenings and protru-
sions. It is reasonable to expect that the variation in drag from flight~to-flight wi'l
not exceed the total incremental drag presented in Table 3-1. Since the total incremental
drag amounts to only 2.4 per cent of the total vehicle, drag at Mach number = 3.0,
it is reasonable to assume that the variations in drag from flight-to-flight will also
remain below 2,4 per cent of the total vehicle drag.

3.2.6  Spin Profiles.
F)

Based upon the ATHHENA H aerodynamic characteristics presented herein and
nominal three-stage vehicle design trajectorics, time histories of the aerodynamic spin
profiles supplem<uted by two (2) Thickol TX-5%~4 spin motors were established. Typical
spin profiles for both high and low reentry angle trajectories are shown for the Algol Ii-B
and the Castor IV hoosted trajectories in Figures 3-12 and 3-13, respectively. As meng
tione { in Section 2, the combination of fin caat angle and tab size was selected to both
preclude roli-yaw coupling tendencies at transonic speeds and also to preclude excessive
steady state spin rate at booster burnout.
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Also, included in each figure is a time history of the maximum natural pitch frequency
of the vehicle tc show the relative margin between the spin rate and natural pitch
frequency.

3.2.7 Velocity Package Aerodynamic Data

The velocity package is the remaining portion of the vehicle forward of
station 330.75, after the first stage is ejected. Figure 3-14 presents axial force co-
efffcient versus Mach number. This curve was based on body-alone wind tunnel tests
forithe wind tunnel model and flight data of the Standard ATHENA second stage. ]
Table 3-2 tabulates the static and dynamic longitudinal and directional stability deriva-
tives for several Mach numbers. These were computed for Mach number of 6 using
body-alone wind tunnel results of Reference 1, and data for Standard ATHENA second
stage coast. It was assumed that beyond Mach 6 the coefficients would be very slightly
reduced, and that it would be conservative to use the resuits corresponding to Mach 5.

3.3 REENTRY AERODYNAMICS

Figures 3-15 through 3-24 describe the aerodynamics for the ATHENA H
components during reentry, With the exception of the first stage booster, the yo-yo
weights-with-trailing-tapes and the heat shield halveg, all components were assumed
to be tumbling. This assumption is supported by analysis as well as Standard ATHENA
flight data, Each heat shield half was determined by analysis to reenter spinning about
its longitudinal axis with the longitudinal axis oriented almost normal to its relative
velocity vector (Figure 3-19). For reference, Figure 3-20 shows zero-angle-of-attack
drag area for the heat shield half. Drag areza of the complete reentering velocity package,
(without heat shield) is presented in Figure 3-17. The other components for which reentry
drag areas are presented are the upper stages, interstage adapier, spin motors, and the
various V-bands and flat-bands. The drag data for components of the recntering booster
were obtained from References 1 und 4. The drag for the tumbling components represents
an average of the integrated drag during any one cycle of the tumbling motion. For eaca
component such integratica was performed for a curve-fitted variation of drag versus
attitude. Drag data for specific attitudes were obtained for each component for Refer-
ence 4. Figures 3-23 and 3-24 show the booster reentry normal force coefficient slope
and pitch momeant coefficient slope, respectively, both as functions of Mach number,

3.4 NON-LINEAR LONGITUDINAL STABILITY CHARACTERISTICS
Prior to each ATHENA H launch, the Atmospheric Sciences Laboratory's

Digital Computer Program for Five-Degree-of-Freedom Trajectory, (ASO-5D) of
Reference 3, will be used in order to establish the launch setting to compeusate for

3-4
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AN

booster dispersion resuiting from winds aioft. At launch when the vekicle velocity

is relatively low, a high wind velocity may cause angles of attsck which excecd 5

value for which iinear aerodynamic data are applicable. Thersiors; for reafistic

wind compensation during boost flight, non-linear aerodynamiss ase vseful. Figures 3-25
and 3-26 present the normal force and center of precsure beyond the iizear angle of
attack range. The data was based on wind tunnel tests of Reference 1. To comply wih
the program inputs formats, the normal force is shown as a derivative with respect

to SIN ‘ versus Mach number, for a family of angles of atlack in Figure 3~25. Figure 3-26
illystrates the variation of center of pressure, as a function of Mach numbey, for a

range of angles of attack. The other aerodynainic coefficients used by the A30-5D pro--
gram are the pitch damping coefficients, Cmq, and axial force coefficients. The pitch
damping coefficient is independent of angle of attack and the axial force coefficicat is
affected only by a negligible amount within the expected angle of attack range. There-
fore, the pitch damping coefficient of I'igure 3~4 and axial force coefficient of Figure 3-11
is to be nsed for the AS0-5D,

¢

a-

P TV



TABLE 3-1

ATHERA H ZERO-LIFT DRAG INCREMENT

S . =8.727 Ft.2
ref
; CONTRIBUTOR Cp@M=3.8
g 1. Discontinuities ¢, 0087
2. Flat & V-Bands 0.6029
3. Access Doors ¢.0006
4,  Turnbuckle Openings 0.0010
TOTAL 0.0132
TABLE 3-2
ATHENA H VELOCITY PACKAGE AERO DATA
_ 2
S = 8.727 Ft.
ref
_ 2
d = 3.33 Ft.
ref
CNa(l) g'ri Cma 2) CNq 3) Cmq 4)
CH
i Per Deg. Per Deg. Per Rad. | Per Rad.
k3
6 0.0589 219.89 -0.324 -0.78 -60.72
7 0.0589 219. 89 -0.324 -6, 78 -60,72
8 0.0589 219.89 -0,324 -6.78 -60,72
) C, = ~C 2) C = -C_ (w.r.t. Sta. 0.0)
Yﬁ Na np mg,
3 > =
(3) Ly CN () c - C
r q n m
r q
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IV

AERODYNAMIC LOAD DISTRIBUTIONS

4.1 GENERAL

Aerodynamic loads for the ATHENA H are presented in Figures 4-1 through
4-9 and Table 4-1. Component data are presented for Mach numbers from 0 to 10 in
Figures 4-1 through 4-4. Table 4~1 depicts appendages and components lift and drag
characteristics for several Mach numbers. Figures 4-5 and 4-6 depiet the variation of
the normal force and axial force for the fin. Figure 4-7 shows the axial and normal
force variation with Mach number for one tab. Figure 4-8 depicts the difference in
aerodynamic pressure between the lower and upper fin surface along the fin chord, for
several Mach numbers, while Figure 4-9 shows how this pressure difference decays
along the span. The data herein was based on theoretical methods, and in most cases
supported by the ATHENA H wind tunnel tests. These aerodynamic loads are presented
to support structural analyses.

4.2 COMPONENT NORMAL FORCE SLOPE AND CENTER OF PRESSURE

Figures 4-1 through 4-4 include body component and fin component normal
force coefficient slopes and centers of pressure, The components are the nose, nose
afterbody, frustum, frustum afterbody, and the fins, It should be notcd that the fin
normal force coefficient slopes contain the fin/booster interference effects. The sum
of these component normal force coefficients equal the total vehicle normal force co-
efficient slopes which had been based on wind tunnel test results from Reference 1.

4.3 APPENDAGE AERODYNAMIC LOADS

Table 4-1 tabulates normal force and drag characteristics for various vehicle
appendages and protuberances. With the exception of the spin motor, which is ejected
at Mach number of 0.5, these characteristics are shown for Mach numbers of 1.0
and 3.0, the critical loading conditions. The normal force characteristics some com-
ponents are intentionally not shown in Table 4-1 since they are described in Section 4.2.
The data in Table 4-1 were based upon wind tunnel data of Reference 1 with the exception
of the data for the launch lugs, blade antenna, and paylead pod, which were based on
theoretical methods.

4-1




Figure 4~5 depicts the spanwise distribution cf normal force q‘oefﬁclent
slope over the fin for several Mach numbers. The distributions include body effects.
When integrated, these distributions are compatible with the normal force coefficient °
slopes for the fins of Figure 4-2, Figure 4-6 prusents the axial force as a funcgion of
Mach number for one fin, based on test results of Reierence 1. Figure 4-7 depicts
both the axial force and normal force as a function of Mach number for one roll tab.
The axial and normal force directions are parallel and perpendicular to the vehicle

longitudinal axes, respectively. These force characteristics were based upon the wind

tunnel itezzt data of Reference 2,

3
Figures 4~8 and 4-9 show the chordwise normal loading ever the fin in terms

of difference in aerodynamic pressure between the lower and upper surface. Figure 4-8

shows.this chordwise pressure difference variation for Mach numbers of 1.0, 1.6,3.0
and 7.0 at the fin root, semi~-span station equal to 29 inches. Figure 4-9 shows how,

due to the finite span, this loading decays along the increasing semi-span distance. The

dath in Figures 4-8 and 4-9 were computed analytically.

4-2
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TABLE 4-1

APPENDAGES AND COMPONENT LIFT AND DRAG CHARACTERISTICS

MACH NUMBER

TR

9.5 1.0 3.0
COMPONENT /4 _g_lil_ %;)' 1/q % _E_' 1/q g% _qD_

5 ft2/deg  ft2 £t2/deg t2 t’/deg 2 |
Forward Launch Lug - - 0.00116 0.0461 0.000467 0.0526
Aft Launch Lug —-- - 0.00116  0,0461 0.000467 0,03826
Blade Antenna - - 0,00061  0,00i29 | 0,000185 0,000735
Nose - -- - 0. 697 -~ 0,639
Frustum - -- ~- 1,658 - 1,062
Spin Motor 0 2.20 - - - -
One Fin - - 0,306 0. 229

0. 750 0.406
One Recruit Motor - - 0,500 0,370
a) Nose Fairing - - e 0.279 - 0.206
b) Sleeve Fairing - - - 0,221 - 0.164
One Payload Pod - - - 0,778 - 0.627

(20° Wedge~Box)

4-3




adolg JUBIOYIR0D 20304 [eULION Jusucdwion °I-¥ 2andpy
vy [ IRONNN HIVWN

o’
d 2 £ 3 T T £ H ! Y

- Jid /l\\\\
Isar -0 °

> GO"

ACOTXARLIY WNLSHAA

LIDS L 2L P « VEY 2WI¥D1a
FIO S AINIIDIFIFVD Fogad IVIWICY LivIrod moo

(999 7202 "9 32078 svainIsaPO0 TOZOS TeAONY

 YNIHLY

4-4

ie 'L S en .
a2 s v et N o e Ty L e




adols jusiolje0) 90304 [BULION Uiy °Z- ou:u_m

. b U L \fhu.!:)tu&i i o

— . M o \.IN .\“ ...nv.-.“-u Mr. |H.¢o.uw. 10” .- w ...” .. . ” . : . ) j

L A . v o+ T m. ‘w il r Qe
i R L D T VO B : SR |
L RS W NI - SR S i kL
. S M | .

9‘\&\3‘ img‘ 2NFORS 08&8&3
247 S50 = TPOS(D)
CL TR AT ONION N/
A2NIOFE SNV VIS SO
OV OLYIVISNCD DML ¥ SO
JOWID12IBCD DOIOS “IVIWIONV)) 8 BLONY

-ty

2 L7 L2L°0O 2 VDI DNVEN IR -
WIS T LIVWINITZI> IoFOT IWWIFON Nid
S A VNIV

Y
9
=

-y

(250 290 M) | Bda7s LIVIID/IAI#00 3380 TYINHON




SI9QUINN 1I0R®IS U UOHBOOT] AANSSAL] JO ISJUSD ucwcoaﬁoo ‘e-b Quzwrm

. 4 .. : "_....” NaA gtuis
. — - p . - 2 . -
v, * * B AR ¥ : 3 e
P M i w o m ) .. .

AQOGNPLAY BEOIN

I ALSHAS

L Aeaciry 1

NIOGRIRLIV PN LENSA

T -

SFPITWOIV VOTLVES 197
§§ LIVIIVOS OO
H VYIVIHLY

C

e ————————

- oos

STFEBWNIY INOILVLS IV/ NOILYIO) YINSSITIL 29 ISU4IVRT

4-6




SIGQUINN UO}J81S U] UOYIBOOTT 2an8833d JO INUID UL ‘P~ 9xndig
W HIGNON B IVW

% ¢ i < 7 ol £ T i

poa™

40
O

S vr vy ISON
LeAYOTY OIS 20XT (X)
o S55 = V5 (2)
St 2F A2 ALOP ON/dA? 2ON/
LIVIOIRY F s TN/ SN
SO L WHh S pEILEDO? AD (1)2 FLON

SYISFHINV NVOrLbLS
S NOILYUIPO ) FYNIDSSTYS QY FTLNWVTDO M

A PV FHLY

<

Y

093

~08 9

~ Q0L

~C 7L

- 0L

~ 052

SITZINNY f1OlLVLS W NVO/LY 7 Z&NSSFYS A0 HTLKETD

4-7



' ) Rl SR L S S S . R .

uoynquIsiy peo] ssmuedg ulg g~ dand1y
! H ' . : 3 ) R ! ' :
g c e S S O R S g
O N S T \ »
T NS SR SN, %\ e e
: T Tt T ‘ wEavrly % zﬁhwg “ m

-

S ———

CCPYDIINS T LSIT L
v SR/ T3V
S AR AOOT T RLO/NY

%
F "Norna 1aLsie aver

3
;

7y

ﬁ.mxa.

2 LA L2 2 YIIV DYVRI P PY
NOLLAGIFLSTT TvD7? DIMNYIS N/

H YIVIARLY

'E}

(S0 930 NI/ X7 )

4-8




AT7HENG A o

AXI4L FORCE /’,F‘,f QT O IYVARAIC FRESSVFE 4..

QA/E Frd W/0 TAE

Se r\ ,

Rz

- J0

L9

i 14~£'-Ig'~ /%7-2

- JO .

c -/ 2 ¥ 4 s 6 7 .
MACH 0. :

Figure 4-6. Axial Force Per Unit Dynamic Pressure, One Fin Without Tab

4-9




TN maye Sa My s

e e o et AR j’ I
ATHENS H . ;
/0 ARIAE G4D NOKM4L FoFCE |
O EFACH TAEF i ‘
FASED D4 FET7T TEST
08 2X87° 748, &= 2¢° .
|
i
"\
e . 06 - Y
y L
X P
X 04t ) i
3 -
. E. 02 - - ? 1
Ay |
3 A1 :
i ——— '
L 0 1 .l L ] 1 9 | ' ?
MACH  #9. _ ‘;
A0 - . . -
0 ‘ §
- .70 R 3
e : ;
N ;
Q. .
. h\ 20 -t
'
3 A
i-% A0
N
13
; o 4 l 1 ! ! i 1
: 0 / 2 ¥ 9 I ¢ 7 !
MACH 20O i

igure <7, A.Zal and Normal Force on Each Tab Based on PWT Test

4-16




ATHENA H
FIN CRORO-UHISE LOAM/NG

SEM/= SFPAN STAT704, ' = 29 /N ' :

. bt ]

NOTE . 70 ORT A (04b MAGMITLOE AT ANY
SEMI~SPIN COCARTIOM, MNMULFIALY THE
VALVES o THIY. PAGE By THE SPAN-W/SE

-

A S AN D 3 R A S TP W ot

L LOAP RATIO OF FUIGLRE 2

3

Yy :

W :

% 10 i

W

8 »
§ b

& :
¢ o8 Lo
'.’:!'b’ -0¢ ™ Eo

N |

j

.04 :
- - M=/0
{
M=1.6 !
.02 \

. M=72.0 i

M= 7.0 \

:

o : i

0 20 40 60 80 : 100 £

PERCENT CHORD ~ Y%,

<

Figure 4-8. ¥in Chord-Wise Loading

AP v,

4-11




=29 . SPAN-WISE LOAD RAF VO A Y

Ve

ATHENA H . .
RATIO OF SFAN-WIKE TO ROCT LOAL/NG
N VEFICLE FI¥

149y —
‘ &0
: €0
n
X
~q’“k;
o
AV
it\,‘
Sive
\'ﬁ'
20
(4]
28 72 T¢ J0 S 28 2 56
Y, SEMI- SPAN STAT/ON ~ /N
—_— — —___‘__,____J
///“"‘l-

Figure 4-9. Ratio of Span-Wise to Root Loading on Vehicle Fin

PR~

4-12

s et I,

o, fbktis JE95 PPV

At

8 o Gt ek a2

[ U

o AT




g
g
£
i
1
B
H

\%

EXTERNAL PRESSURE DISTRIBUTION

5.1 GENERAL

Figures 5-1 through 5~26 present the external pressure distribution over zll
the compasrtments to be vented during ascent flight, Figures 5-1 through 5-14 present
zero angle of attack pressure coeificient distribution along the heat shield fairing,

second stage shroud and interstage adpater for a wide range of Mach numbers.
Figures 5-15 through 5-26 depict Mach number histories of external pressure over
components to be vented. Table 5-1 describes the {rajectories used to define these

externai pressure histories.

PO T P

PSS

The external pressures for the trajectories using TD 123 motor data are
slightly higher than for the trajectories using TD 115 motor data. However, since these |
external pressures are to be used in calculating skin differential pressures, the corres- ?
ponding differences in internal pressures must iso be taken into account when evaluating
the effect of difference in external pressure. In the venting analysis, Reference 5, it
was found that the internal pressure history using TD 123 motor data changed in such
a manner that the resuliing =kin differential pressures were very similar to those ob-
tained with TD 115 motor data. Therefore, the skin differential pressures obtained
from the external pressures provided herein and the internal pressures obtained from

Reference 4 can be considered as applying to the trajectories using TD 123 r:otor data.

Presented pressures were based on theoretical methods, wind tunnel results
for components of similar geometry, and wind tunnel tests on the full scale ATHCNA H

aft section,

-

5.2 VEHICLE PRESSURE DISTRIBUTION

Figures 5-1 through 5-14 present the external pressure distribution in
coefficient form, for the section of the ascent configuration that is forward of the first
st.ge. The coefficients, along the vehicle length, are presented for zero angle of
attack and for a Mach number range of Mach = 0,169 through 6.0. These pressure ‘
coefficients have heen computed by theoretical metheds as well a. using results of \
pressure measurements on numerous similar shaped missile configurations available
in literature.
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It is not expeced that an angle of attack greater than threc degrees will be
experienced during flight. Through the investigation of numerous test results, it was
observed that 2 variation in angle of attack of three degrees did not affect the windward
or leeward external pressure by more than 0.5 pounds per square inch. Therefore,
to derive the external minimum of maximum external pressures for the shown pressure

* coefficient, Cp, a known dynamic pressure g and ambient pressure, P , it is recom-
mended to use the following expressious:

Poin = C aw , Yo - v.5 ~psia -
144 i

H

}

Phax = CE A, Po t+ 0,5 ~psia j

144

The dynamic pressure and ambient pressur< are trajectory-dependent.
5.3 COMPONENT PRESSURE DISTRIBUTION

The component pressures shown in Figures 5-15 through 5-27 are absolute
pressures and reflect the Castor IV design trajectories, since these were critical for
the venting analyses of Reference 4. These trajectories are described in Table 5-1.
Each figure identifies whether the external pressures are to be used for collapsing or
bursting differential skin pressures which will be refe.red to as either collapsing or
bursting AP's in this document.

. e e

P N N

5.3.1 Raceway

Figure 5-15 presents the external pressure variation on the raceway nose.
The pressure is shown for several angles along the nose as a function of Mach number.
The solid line curves are for collapsing AP's; the dashed line curve is for bursting AP
since it represents the minimum pressure on the ruceway nosc section. These pressures
are for the Castor IV trajectories.

v e e fReow

Minimum and maximum external pressure over the flat center portion of the :
raceway is shown in Figure 5-16. They are for computing collapsing and bursting :
pressures.

Figure 5-17 depicts external pressure over the last six inches of the flat
raceway portion. This pressure corresponds to the plateau pressure due to shock
stand-~off in front of the second stage shroud. Six inches corresponds to the maximum ’
calculated shock stand-off. }
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5.3.2 Itecruit Nose
Fligure 5-14 presents exiernal pressure for the droop-nose recruit. The
pressure is to be used for collapsing AP's and applies to Castor 1V low angle trajectory,

For hursting AP'c, assume the external pressure to be zero.

5.3.3 Aft Recruit J airing

The aft Recruit fairing pressures over the semi-circular segment of the
fairing are shown in Figure 5-19. This segment is the most forward portion of the
Reciuit fairing and lies directly beneath the Recruit motor. It is oriented so that the
semi-circular s:de faces into the flight direction and sees ram air. Figure 5-19
presented the external pressure versus Mach number. The pressure is shown for
several angles, &, where ¢ = 0 degrees corresponds to the maxi.oum incidence
andé ¥= 90 degrees corresponds tc sevo incidence angle. These pressures are to
be used for collapsing AP,

In addition to the semi-circular segment, anothei relatively high pressure
section onthe aft Recruit fairing exists. This section approximites a semi-conical
surface where the cone semi-vertex sngie is 11 degrees. This section was assuired
to be at an angle of attack of 5° and the resulting external pressure was then to be
applied over the aft Recruit fairing, excluding the circular secticn. Figure 5-20 shaws
the external pressure variation over the non-circular segment of the aft Recruit
fairin'g. The curve is based on analytical methods, including estimates of pressure
effects due to presence of certain auxiliary payload shapes. The pressure values mn
this figure exceed the maximum pressures measured with a 25 degree wedge-box
auxiliary pod in Reference 2. These pressures should be used for computing collapsing
AP.

5.3.4 Shroud and Pylons

Figure 5-21 depicts the Mach number history of the externao pressure cn
the booster shroud in the high pressure area of the Lliunch lugs. This area extends a
few inches around the lugs. Figure 5-21 also shows the pressurce vartation on the
pylons. Both curves were based on theoretical predictions which were conservative
and show higher pressures than test values of Reference 2. These pressures are to
be used to compute collapsing AP.

Figure 5-22 depicts the Mach number history of the external p1essure on the
booster shroud behind the high pressure region of the launch lugs. This region
experiences lower pressure and extends from just aft of the launch lug up to the shroud
aft plane. This data was based on test data of Reference 2 and represent the maximum
p:essures measured with either payload pod or launch lugs attached. This pressure
is to be used fer computing collapsing AP,




5.3.5 Rooster Shroud Aft Seal

A conservative estimate of the maximum external pressure acting on the
shroud seal ring was made by calculating the pressure at the plume boundary, taking
into account the effect of the external stream on the plume, and assuming that this
pressure acts on the ring. The procedure was as follows:

(1) The initial turning angle of the plume was calculated ag a function
of the plume boundary pressure, over a range of chamber pressures.

(2) The pressure at the surface of a cone (with a semi-vertex angle
equivalent to the plume turning angle) impinged upon by the external
stream was calculated over a range of Mach numbers.

(3) The pressure at the plume boundary, for a given chamber pressure
and free-stream Mach number was then obtained from a cross
plot of (1) and (2). This plot is shown in FFigure 5-23 and is to be
used for computing collapsing P.

5.3.6 Minimum Pressure on Booster Shroud Structure

Figure 5-24 presents the minimum external pressure over the aft Recruit
fairing shroud, and pylons, It is to be used for computing the bursting AP, It repre-
sents a base pressure coefficient reduced by 25 percent.

5.0.7 Fin

Figure 5-25 depicts the {fin leading edge external pressurc. It represents the
theoretical prediction on the windward side, at 3 degrees angle of aftack, of the leading
edge. It is to be used for computing the collapsing AP,

The external pressures on the fin forward and aft side parels are presented
in Figure 5-26 and account for the presence of a 20 degree wedge~box auxiliary payload
pod. The pressures for these panels were evaluated to support a considerable amount
of venting analysis of Reference 3 on those parts of the fin. The forward side panel is
located near the leading edge, along the fin root section and is of rectangular shape
7.5 inches by 14.85 inches in size. The aft side panel is near the trailing edge of the
fin, is 7.5 inches outboard of the fin root, and is of rectangular shape, 8.4 incehs
by 12.4 inches in size. The pressures in Figure 5-26 represent the maximum pressure

WP el e e o
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data of Reference 2, of tests with a 25 degree wedge-box payload pod attached. This
data was reduced to reflect a 20 degrze wedge-box payload ped since the 20° angle has
been selected because of its lower induced pressure on surrounding structure. This
pressure is to be used for computing collapsing AP.

Figure 53-27 also shows external pressure on the fin side panels, but here
the pressures were based un test measurements of Reference 2 without the auxiliary
payload pod. Instead of pods launch lugzs were attached to the model. The resulting
pressures are lower thanin the preceding figure. These pressures are to be used
to compute collapsing AP,
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Figure 5-26. Fin Side Panel External Pressure, Auxiliary Payload Pod On, Castor IV
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TABLE 5-1, Castor 1V Trajectories (I'.D. 115)

Low Angle Case 4077 High Angle Case 4155
Standard Stage Alternate 3-Stage
Altitude Mach Altitude Mach
Feet No. Feet No.
4504. 0 0.000 4504.0 0. 000 -
4950.0 0.366 4978.0 0.365
5888.0 0.513 5984.0 0.509
7.0 7424.0 0.708 7663.0 0.700
11.0 10464.0 1.010 11073.0 0.993
15.0 14330.0 1.327 15543.0 1.304
19.0 18986.0 1.683 21097.0 1.659
23.0 24435.0 2.087 27805. 0 2.072
27.0 30694.0 2.557 35764.0 2.570
29.0 34143.0 2.825 40255.0 2.809
31.0 37814.0 3.096 45118.0 3.061
35.0 45879.0 3.642 46062.0 3.622
39.0 55031.0 4.297 68859.0 4.296
45.0 71411.0 5.619 92533.0 5.530
53.0 100331.0 7.793 135856.0 7.365
56.7 116410.0 7.982 169444.0 7.522
66.7 158412.0 7.305 225813.0 8.370
80.0 209722.0 7.787 308089.0
95.0 261743.0 9.018 395092.0
115.0 305000.0 475000.0
O
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VI

CONCLUSIONS

The aerodynamic characteristics presented in this document are the result
of analyses and numerous wind tunnel test and shouid be used for trajectory, stability
and structural analysis. The aerodynamic load distributions are in general based upon
and refiect the total vehicle aerodynamic characteristics. The external pressure distri-
butions over the vehicle components were based on conservative predictions and full

scale wind winnel data,

The total vehicle aerodynamic characteristics can be used to accurately pre-
dict and simulate the vehicle flight qualities. The distributed aerodynamic loads can
be used for realistic structural evaluation and the external vehicle and component
pressures will yield conservative venting analysis results,

&
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