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PLOT

SYMBOL MNEMONLC
brcf BREF
Com*Ce CBL
M MACH
Mxm
Pt
P«”
q, Q
RM
RN RN/L
Sref SREF
Tt
“T ALPHA
ﬁre £ LREF

NOMENCLATURE

DEFINITION

reference span (diometer of—
the cylindrical section of
the model)

rolling moment cocfficient
in the missile axis systeém,

Mxm/qw stef bref
Mach number
rolling moment in the missile

axis system, i.e , moment about
the meaxis (a positive rolling

moment tends to xotate the
positive meaxis toward the

positive Zm-axis)

free stream total pressure

free stream static pressure
free stream dynamic pressure
abbreviation for rolling moment
Reynolds number per foot
reference area (cross sectional
area of the cylindrical section
of the model)

tunnel total temperaturc

angle of attack, angle between
the xm-axis and a vector in

the direction of the air flow
(For this test, B = 0 and o = ap)

reference length

vi

UNITS

in.

mo"lh

i St s oot e 8 v tre

psi

psi

in,?

OF

degrees
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PLOT

SYMBOL MNFMONIC
¢ Pyl
SRB

Ca

CAm CA
Cm

Cmp CLMM
Cn

cNm CNM
Cn

Cnm CYNM
Cy

CYm CYM

Subsdcripts

m
ref
t

NOMENCLATURE (Continucd)

DEFINITION

roll angle;. i.¢., angle between the
missile Yp~axis-and the body Y-axis
(from a pilot's viewpeint in an air=_
plane, a positive roll angle is a
clockwise rotation)

abbreviation for solid rocket booster

total axial force coefficlent in the
body axis system-

total axial force coefficient in the— —
missile axis system, FAN/qQ Syef
(nozzle balance)

pitching moment coefficient in the body
axis system

pitching moment coefficient in the missile
axis system (nozzle balance),

My,/q, Sref bref

normal force coefficient in the body axis
dystem

normal force coefficient in the missile

‘axis system, Fy,/q, S (nozzle balance)
NN rvef

yawing moment coefficient in the body axis
gystem

yawing moment coefficient in the missile
axis system (nozzle balance),
Mzm/qw Sref Yref

side force coefficient in the body axis
system

side force coefficient in the missile axis
system, Fyy/q, Spef (nozzle balance)

missile axis system
reference conditions
total conditions

free stream conditions

vii
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ANTROMICTION

This report describes a wind tunnel test program to obtain the
aerodynamic roll characteristics of the 146-1inch diametersolid rocket
booster (SRB) rcentry configuration over a portion of its recntry flight
regime. The model is representative of the latest SRB configuration and
hds been tested in the NASA MSFC 14 x li~inch Trisonie Wind Tunnel and
the AEDC_PWT 4T,

The SRB model tested was a—0.00548 scale model of the l46-inch
diameter right hand solid rocket booster reeritry configuration with
all major protuberandeés. The SRB model was mounted nose aft onto a
oné-component roll balance to obtain rolling mcment data. The model
balance was—supported by the MSFC double-knuckle sting to achieve the
desired angle of attack range. The SRB reentry test configuration
included a simulated heat shield around the.engine nozzle.

The SRB was tested at Mach numbers of 1,46, 1.96, 2.75, and 3.48 at
angles of attack from 150° to 190°. Roll angles varied from 0 to 337.5°

at 22%° incr ents,
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MODEL DESCRIPTION AND SUPPORT HARDWARE

The model tested was a 0,00548 seale model of the 146-1inch diameter
Space Shuttle Rolid rocket booster with a truncated nozzle, The general
model arrangement is shown In Figure 2. The SRB model was made of stain-
less steel and has—been designated MSFC Model Number 486, The model was
an asscmbly of three components: a nose section, a cénter body section,
and a tail section. The nose section of the SRB model included the 18-
degree conical nose and a portion of the cylindrical body of the SRB.
The protuberances on the nosc section were the data-capsule and camera,
the forward attach structure, and the forward section ~f the cablé sys-—--
tems. tunnel. The center body section of the SRB model was a long cylin-
drical tube and was pinned to the strain-gage balance. The only protu-
berance on the center body, a portion of the cable systems tunnel, was
attached with machine screws. The model tail section was made up of the
rear portion of the SRB cylindrical body, the nozzle skirt and the engine
nozzle. The protuberances on the SRB tail section include: the aft at-
tachment ring, the motor case ring stiffencrs, aft separation motors,
actuator supports, hold-down posts, and the rear portion of the cable
systems tunnel. When the SRB model was nose mounted or side mounted,
engine nozzle insert and heat shield were installed in the tail section;
The SRB model components are shown in Figure 3.

The SRB model was mounted nose aft on a single component roll
balance No. 247 which, in turn, was mounted to the MSFC double knuckle

sting by using balance adapter 113A. This sctup provided an angle of




- TR L
s L

J

iy

MODEL DESCRIPTION AND SUPPORT HAKDWARE (Concluded)

attack range of 150° to 190°, Changea in roll angle were achleved by
rotating the entire SRB model about the balance after removing tho four
pins which attached the model body to the model/balance adapter. A
sarics of holes around the. model/balance adapter allowed roll angles of
0 to 337%° in 22%° increments to be achieved.

Table IV lists the cecubinaticus of support hardware. and associated
angle of attack ranges used dutring this test., The sting compenents are
depicted in Figures 4 and 5. Model dimensional data are included as

Table..IlI. -

e
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TEST FACILITY DESCRIFTION

The Marshall Space Flight Cenmter 14" x 14" Trigonic Wind Tunnel
is an intormittent blow-dowr-tunnol which oparates by high preseure ——--
air flowing from s:ovaga to aithor vacuum or atmosphoric conditilons.

A Mach number range from .2 to 5.83 48 coverud by utilizing two inter-
changeable test sactions. The transonic section permits testing .at
Mach 0.20 through 2.50 and the supersonic saction permits teating at
Mach 2.74 through 5.88. Mach numbers batweer .2 and .9 are obtained
by using a controllable diffuser,. The raage fred. .95 to 1.3 is
achieved througih the usa of plenum suction and .pérfovated wells. Mach
numbers of 1.44, 1.93 and 2.50 are produced by interchangeable sata of
fixed contour nozzle blocks. Above Mach.2.50 a sat of f£ixed contour-
dozzle blocks are tiltued and translated automatically to produce any
desired Mdch numbers in_.23 increments. .

Air is supplied to a 6000 cubic foot storage tank at approximately
=40°F dew point and 500 psi. The compraéssor is u threerstage recipro-
cating unit driveu by a 1500 hp wotor.

The tunnel. flow is established and controlled with a servo-
dctuated gate valve. The controlled air flows through the valve
diffuser into the stilling chamber and heat exchanger where the air
temperature can be controlled from amblent to approximately 180°F.
The air then passes through the test section, which contains the
nozzle blocks aud tast region.

Downstream of the cest section is a hydraulically controllad
pitch sector that_provides a total angle of attack range of 20°
(t 109)., Sting offsets are available for cbtaining various maximum
angies of attack up to 909,

s e a



THST FACILITY-DESCRIRTION (Continued)

The difoucr section has movatle floor and ceiling panele which
arc the primary means of controlling the subsonic Mach numbers and
pormit morc effisient running suporacnically. The sector assombly a1
supcrsoni¢ diffuser tclescopo into the subsonic diffuscr-to allow_casy _
accees to the model and tost soction.

Tunnel flow ie oxhaustod through an acoustically dampod tower te |
atmospherc or into the vacuum ficld of 42,000 cubic fcet. The vacuum
tanks are-—cvacuated by vacuum pumns driven by a total of 300 hp.

Data are rccorded.by a solid=state digital data-acquisition
system. The digital data are transferred to punched.cards during the
run to be reduced later by a computer to proper coefficient form.,
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- TEST CONDTTIONG

Mach numbara consiuted of 1,46, 1,96, 2,79, and 3.48, The complete
tuunel tent conditionn are prosented tn Table I, The angle of attack
range connloted of 150% to 190° and voll anpien varled from 0 to 337%°
in 22%° incvomonts,  The test program 1s Included as Table II, ]

Maximum model loads are presented in Tuble V. No baso prossurc

N measurementy were made during this {avestigatlon,




DATA REDUCTLION

The roiling moment wao rosolved in tho missileo axis system and
proscntod in the form of a nondimonsional coofficient as shown bolow: -

rolling moment cocfficlont

CBL ® G SREF BREF’

The usual tunncl paramctors P, Pt’ 'rt. Qe o RN, OT and ¢ wore . ———
measured, computed aund tabulated along with the data. Data werc
corrected for.sting deflections and are tabulated in the Appendix.
The only data coefficient requirad for input was the rolling moment
coefficient, GE'

Because the model was originally designed to be tested at anyles
of attack from 0 to 180°, it was reversed on the balance for alphas

greater tlan 90 degrees; consequently, a sigi change was required Aury-g
data reduction for the rolling moment measured by the YAl e,

Model reference dimensions used for data reductions are presentad

below:
Parameter Symbol Full Scale 0.00548 Scale
Reference Area SREF 116,26 ft.? 0,503 in.2

(based on body
cross section)

Reference Span BREF 146 in. 0.800 in.
(body diameter)
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TABLE 1,
TEST§ mer s | DATE 8 _1¢/7/76
TEST CONDITIONS
REYNOLDS MUMBE R DYNAMIC PRESSURE  JSTAGNATION TEMPERATURE
MACH NUNBLR (per foot) (pounds/sq. inch) | (dogrees Fahrenheit)
1.96 7.0 x 10° 10.24 1000
2,74 4.6 x 106 6,37 140°
3.48 6.2 x 10° 6,74 1400
BALANCE UTILIZED: ___MSFC 247 (ROLL ONLY)
CAPACITY: ACCURACY: %%EE?:&%%T
= 10 PSIA
NF - — 3=
SF - —_—
AF -
M o :
RM 2 IN. LBS. + 0,01 IN, LDBS. + 0.0025
YM = AR A
COMMENTS:

ACCURACY BASED ON # 0.5% OF BALANCE CAPACITY
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TABLE TUL. MODEL DIMENS TONAL DATA

MODEL COMPONENT: SOLLD ROCKET BOOSTER NOSE

GENERAL DESCRIPTION: A CONICAL SECTION WiTH A SPHERICAL RADIUS NOSE
m—_—“

MODEL SCALE: 0.00548 SCALE
REFERENCE DRAWING(S): MSFC #80M42805 & 80M42806

THEORETICAL
DIMENSIONS : FULL~SCALE MODEL-SCALE
Spherical Nose Radius 13.27 in, 0.073 in
Conical Nose Section Half Angle 18 Degrees 18 Degrees
SRB Nose Length 195 in, 1,069 in.
Forward Cylindrical Body Diameter 146 in. 0.8 in,

N
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TABLE 111, - Continued

MODEL COMPONENT: SOLID ROCKET BOOSTER CYLINDR1CAIL BODY

GENERAL DESCRIPTION: THE CYLINDRICAL SECTION OF THE SRB BODY

MODEL SCALE: 0,00548 SCALE
REFERENCE DRAWING(S): MSFC #80M42802 & 80M42804

THEORETICAL
DIMENSIONS: FULL~-SCALE MODEL~SCALE
Center Body Diameter 146 in. 0.8 in.
Center Body Length 1443.6 in, 7.910 in,




- TABLE III. - Concluded

o
MODEL..COMPONENT SOLID ROCKET BOOSTER ENGINE SKIRT
___‘ ’ GENERAL DESCRIPTION: A _CONICAL FRUSTRUM FLARING OUT FROM THE SRB

e o BODY TO ENCLOSE THE ENGINE NOZZLE WITHOUT THE ENGINE EXTENSION
r 2% M

MODEL SCALE:— _ 0.00548 SCALE

REFERENCE DRAWING(S): MSFC #80M5147§
' THEORETICAL
DIMENSIONS: FULL~SCALE MODEL~-SCALE
E%~ Cylindrical Body Diameter 146 1in. 0.8 4n.
Engine Skirt Flare Angle 18940 18940
Engine Skirt Exit Diameter 208.20 in. 1,141 in.
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TABLE 1V,

STING COMBINATION AND ANGLE OF ATTACK NOMENCLATURE
ANGLE a STING ADAPTER STING BALANCFE. ADAPTER
OF ATTACK (DEG) ADAPTER | HOLE | ADAPTER STING ADAPTER | HOLE
DESIGNATOR RANGE NO. NO. POSITION | NUMBER NO. NO.
1 150 to 170 1 51 7.50 1in. 1l 113A 3
J 170 to .190 1 53 7.50 in. 1l 113A 1
!
4
14




NORMAL FORCE
SIDE FORCE
AXIAL FORCE
PITCHING MOMENT
YAWING MOMENT

ROLLING MOMENT

vv—-r—w'P;rm-\g?!‘I,I Nikiondmllls 205l

TABLE V.

MAXIMUM MODEL LOADS

40 LBS.

3 LBS.

20 LBS.

50 IN-LBS.
2 IN-LBS.

1 IN-LBS.

15
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WODEL STATLON <-'SEPARATION MOTORS
. AFT ATTACH RING 9,483 \ ACTUATOR SUPPORT
_MOTOR CASE RING . N\, CENTERLINE
STIFFENERS" ‘ /__/__/‘ /18040' 3300\ 0 30°
[T e
A | vas o /s | A
i ' ' 90°
)
| B &r . 135°
. =~ = = -

“

/_ HOLD. DOWN
" POSTS

N\
b 2,302 . .. _ -l “— AFT RING

SR8 MODEL TAIL SECTION
' ALL DIMENSIONS

IN INCHES
MODES i;éTION
006 . *
40 DIA A‘-{
— e
* Yy 1 0.704 DIA.
SN N N U A S ﬁ.tﬁ Y 0.632 DIA, "
‘ b AN 0.298 DIA.
IO SV I AN oot i L
~—0.035
* VIEW AA
0.500 DIA, 0.540 |
At
r““ 0.900 —
SRB MODEL ENGINE NOZZLE INSERT
Figure 3. (Concluded)
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