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REENTRY AERODYNAMIC CHARACTERISTICS OF A
SPACE SHUTTLE SOLID ROUKET BOOSTER MODEL 449

TESTED IN MSFC 14 X 14 INCH TWT (SA26F)

By
J. D. Johnson, NASA/MSFC
W. F. Braddock, NSI

ABSTRACT

Two force.tests .of a 0.563 percent scale Space Shuttle Solid Rocket
Booster (SRB) model, MSFC Model 449, were conducted at the Marshall
Space Flight Center 14 x 14 inch Trisonic Wind Tunnel. These tests,
TWT-590 and TWI-595 (combined under NASA Series No. SA26F), occupied the
tunnel for a total of 76 hours during November 1973 and January 1974,
respectively, There were a total of 134 runs (pitch polars) made.

Test Mach numbers were 0.6, 0.9,‘1 2,>1.96, 2.74, 3.48, 4.00, 4.45,

and 4.96; test angles of attack ranged from -10 degrees to 190 degrees;
test Reynolds numbers ranged from 4.9 million per foot to 7.1 million
per foot; and test roll angles were 0, 45, 90, and 135 degrees. The
model was tested with three different engine nozzle/skirts. Two of
these engine configurations differed from each other in the magnitude
of the volume inside the nozzle and skir:. The third engine configu-
ration had part of the nozzle removed. The model was tested with an
electrical tunnel in combination with separation rockets of two

different heights.
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SYMBO).

Abi,

AR

bref

PLOT_SYMBOL

BREF

CAB

CA

CBL

CLMM

CNM

CYNM

NOMENCLATURE

DEFINITION
base areas
abbreviation for axlal force

reference span (diameter of the
cylindrical section of the modcl)

total axial force coefficlent in
the body axis system

base axial force coefficient
(see text)

total axial force coefficient in
the missile axis system,

FAm/qcD Sref

rolling moment coefficient in
the body axis system

rolling moment coefficient in
the missile axis system,

Mxm/q°° Sref Yref

pltching moment coefficient in
the body axis system -

pitching moment coefficient in
the missile axis system,

MYm/qw Sref ‘ref

normal force coefficient in the
body axis system

normal force coefficient in the

missile axis system, FNm/qw Srof

yawing moment coefficient in the
body axis system

vawing moment coefficient in the
missile axis system,

MZm/qm Sref Yref

4

UNITS

1n.2

in,

LY.

i .




|
|

Crpy

Cy

Cym

GCAm

8Cy

PLOT_SYMBOL

CcM

DCA

DCBL

DCLMM

DCNM

DCYM

DCYNM

DSEPRT

DEFINITION
hase preassure coefficient;
Phy = Py
q

@«

side force coefficlent in the
body axis system

gilde force coefficient in the
missile axis system,

FYm/qm Sref

incremental axial force
coefficient due to a specific
difference in configuration

incremental rolling moment
coefficient due to a specific
difference in configuration

incremental pitching moment
coefficient due to a specific
difference in configuration

incremental pitching moment
coefficient due to a specific
difference in configuration

incremental side force
coefficient due to a specific
difference in configuration

incremental yawing moment
coefficient due to a specific
difference in configuration

parameter name describing the
comparison of separation rocket
height. The number 1.0 indicates
that data from runs in which the
8, rockets were mounted on the
model wei'e subtracted from data
runs where the S; rockets were
mounted
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SYMBOL ~ PLOT SYMBOL

R P

: 6Xop/ 2 DXCP/L

fi ! 5Yap/ﬁﬁ DYCP/L
e
. ELT
V]
o
L
FAm
i N
Fym
Qbody
2ref LREF
M MACH
Mk

DEFINITION

ineremental longltudlinnl center
of preasure location due to n
apecific difference In
conflguration

inecremental lateral center of
pressure locatlon duc to i
specific diffcrence In
configuration

parameter name describlung the
electrical tunnel. Number of

1.0 indicates an electrical tunnel
is mounted on the SR3 at an angular
location as described by phi (¢).
(Model roll angle is based on the
position of electrical tunnel).

total axial force in the missile
axls system, positive in the
negative direction of X,

normal force in the missile axis
system, positive in the ncgative
direction of Z

side force in the missile axis
system, positive in the positive
direction of Ym

length of body

reference length (diameter of
the cylindrical section of the
model)

Mach number

rolling moment in the missile
axis system, i.e., moment about
the Xp-axis (a positive rolling
moment tends to rotate the
positive Y ~axis toward the
positive Z,-axis

UNLTS

1b.

1b.

1b.

in.

in.
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;* | SYMBOL  PLOT 8YMBOL DEFINITION UNITS

My pltehing moment in the miarile
m axla ayatemi: 1.c., mement about
the Yg=axis (a poaitive pitchiag
. moment tends to retate the
E / positive 2 -axis toward the
’ | peattiva X ~axia) ine=lb

yawing mement in the missile

axis systom; i.e., moment abeut 4
the Zy~axio (a pesitive yawing

moment tends te rotate the pesitive

. Xp-axis toward the positive Yp-axis) in.-1b

u NF abbreviation for normal force

»
e e i A K it

Pbi base pressures psi
X v Py free stream total pressure psi
: Po free strecam static pressure psi
) PM abbreviation for pitching moment

q frec stream dynamic pressure psi

RM abbreviation for rolling moment

PP S

Sref SREF reference area (cross sectional
area of the cylindrical section 2
of the model) in.

SF abbreviation for side force

it o B s e Y e

SEPRKT parameter name describing the
separation rockets., The number
1.0 indicates that the S; rockets
were mounted on the model. The
number 2.0 indicates that the Sy
rockets were mounted

PRI T

T, tunnel total temperature oF




Seet

BYMROIL,

Xep/*n

Xio Yoo
XMee,
YoIRP,
ZMRY

Yop/ty

™

op

PLOT SYMROL

XCP/L

KMRP,
YMRP,
ZNmP

YCr/L

ALPHA

PHI

BETA

FWDSTK

DEFINITION UN1TS
langleudinal center of pronsare
laeation in pereent af haly
lengeh from noney

" XMRD f“.'h) ’,‘r.ce.f)
“hody  \“Ny/ \"body,

mlanlle axen (nee text)

abbreviations for the locatlon
of the moment vetferonee point
in the minolle axis system in,

lateral center of pressure
location in pereent of body
length from nose;

e (O (rer
32'bt:ady Cy %body
abbreviation for yawing moment

angle of attack, angle bctueean
the Xm-axis and a vector :u
the direction of the alr flow degrees

roll angle; f.e., angle between

the missile Yp-axis and the body

Y-axis (from a pilot's viewpoint

in an alrplane, a positive roll

angle is a clockwise rotation).

The plot symbol describes the

specific protuberance angular

location in degrees (see Figure 7) deprecs

sldeslip angle, body axis system,
degrees

parameter name Jdescribing the for-
ward strake on the body; number in
front of decimual is the number of
strakes; number after decimal is

the length of the strake in calibers




] 3YMROL PLOT SYMROL DEFINITION

AFTSTK parameter name descv!ping the aft strake
on the body; number in front of decimal
18 the number of strakes; number after
decimal 15 the leagth of the strake in
calibera Y

SHDSTK parameter name describing the shroud
strakes; number indicates the presence 4
of eight strakes; number 0,000 indicates g
no strahkes. '

ATHRNG parameter name deucribing the attachment 4
ring; number indicates the presence of
the ring

ATHS parameter name deszribing attachment hardware; J
number indicates the presence of attachment )
hardware

CONFIG configuration code numbered as follows: ‘
1--NBRE;A .
2--NBRE;
3--NBRE S ELT
4=-NBRE; S,ELT
5--NBRE;B

SUBSCRIPTS
b base ]
Cig. center of gravity ;

i identifies the location of the base
pressure measurements

m missile axis system
ref reference conditions
t total conditions

® free stream conditions

e e




LNTRODUCTION

The wind tunnel teasts deseribed hereln are a continuation of a
aorlens of force tests (Referencea 1, 2, 3, 4, and 5) conducted to
evaluate the static aerodynamic stability of a Space Shuttle Solid
Rocket Booster (SRB). All of these tests were designed to provide
ierodynamic data under simulated reentry flight conditions of the SRBs

ufter separaticn from the space shuttle launch configuration.

The model was tested with three different engine nozzle/skirt
configurations. Two of these engine configurations differed from each
other in the magnitude of the volume inside the nozzle and skirt.

The third engine configuracion had part of the nozzle removed.
Separation rockets of two different heights, in conjunction with an

electrical tunnel, were mounted on the model during some tests.

Test Maci numbers were 0.6, 0.9, 1.2, 1.96, 2.74, 3.48, 4.00,
4.45, and 4.96; test angles of attack ranged from -10 degrees to 190
degrees; test Reynolds numbers ranged from 4.9 million per foot to

7.1 miilion per foot; and test roll angles were 0, 45, 90, and 135

degrees.

10




MODET, AND SUPPORT HARDWARE

Model Description

The model, MSFC model 449, is a 0.563 percent scale model of a
142-inch diameter SRB. Detalils of this stainless steel model are
presented in Table 3 and Figures 2, 3, 4, 5, 6, and 7. Figure 2
presents the dimensione of the major geometric body segments and the
attachment ring. The attachment ring was a scaled representation of a
structure used to attach the SRB to the Space Shuttle External Tank.
The attachment ring was affixed to the model throughout the wind tunnel

test.

Figures 3, 4, and 5 present the dimensions of the three engine
nozzle/skirt configurations used during this test. The engine configu-

rations differed in the extent of nozzle and skirt internal volume and

in the length of the nozzle. They were used to investigate the effects

of these variables on the aerodynamic static stability characteristics

of the SRB.

Figures 6 and 7 present the dimensions of the separation rockets
and the electrical tunnel. Figure 8 presents the location and roll
sign convention of these protuberances. The separation rockets and
the electrical tunnel are scaled représentations of protuberances
considered for use on the SRBs. They were used on the model only

during selected parts of the test.

11
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The model parts were given symbols to ald in identification of teat

configurarions. Thease symbols are:

ELT

Some

model are:

]

nose

cylindrical body
attachment ring
engine nozzle/skirt

engine nozzle/skirt with deep cutouts inside skirt
and nozzle

engine nozzle/skirt E,, with 64.2 inches (full
scale) removed from nozzle exit

body and skirt mounted separation rockets, 44.75
inches (full scale) high

body and skirt mounted separation rockets, 22.375
inches (full scale) high

electrical tunnel mounted on cylindrical body in
same plane with separation rockets

significant features of the design and construction of this

The model was made in three major sections: nose, body
and engine nozzle/skirt

Nose and engine can be switched end for end in order to
test at angles of attack above 90 degrees.

There are two cylindrical bodies. One is a solid cylinder
and is used for a sting adapter mounted from the end.

The other is made in two parts with an opening in the side
so that it can be fitted around a side mount.

Both bodies are mounted in the same position relative to

the balance and maintain that position when the nose and
engine nozzle/skirt are switched end for end.

12
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The attachment ring, which was affixed to the body through-
out this test, has mounting locations on each end of both
bodies #ao that it can maintain ite position relative to
the nose and engine.

A slotted ring was necessary for certailn side mount cases.

Roll angles (applicable only when separation rockets and
electrical tunnel are attached) weve changed by iotating
the nose scction (to which the forward separation rockets
were attached) to different angles, mounting the electrical
tunnel at different locations on the body, and mounting

the aft separation rockets at different locations on the
skirt. The sign convention for roll angles is shown in
Figure 8.

The E; engine had a sting cavity through the center of its
nozzle. This 0.625 inch diameter hole was closed with a
plug whenever the model was not taill mounted to eliminate
flow through the balance cavity.

There were two noses. One was complete and the other had
a 0.625 inch diameter hole through its center. This hole
was necessary for sting passage when the model was nose
mounted.

Engine Ejp was destroyed when the aft 0.362 inch of the
nozzle was removed to make.Ejp.

Figure 9 is a photograph of a typical nose mount tunnel

installation.

Support Hardware Description

Seven pleces of the MSFC double knuck!~ sting were used during

this test. These are:

A : 0

Sting adapter no. 1
Sting adapter no. 3
Sting no. 1

Sting no. 3

13




0 Balance adapter no, 1173
0 lalance adapter no. 118
0 Baiance adapter extension ne. B8OM42509.

Table 4 1ists the combinations of support hardware and associated

angle of attack ranges used in this test.

The "sting adapters" (Figure 10) adapted the stings to the modul

support system of the test facility.

Using different mounting hole combinations, the "stings' (Figure
11) are adjustable in angle relative to both the sting adapters and thc

balance adapters.

The "balancing adapters" (Figures 12 and 13) connect the balance
to the sting. No. 113 is a straight adapter and No. 118 (referred to
as MSFC "sting" No. 118) has a 90 degree offset. When the straight
adapter was used (-10 < a < 50 degrees and 130 - o “ 190 degrees), a one
inch "balance adapter extension' (Figure 14) was used for proper tunnel

position and adequate base clearance.

The two support hardware combinations used in these tests (end
mount and side mount) are shown in Figures 15 and 16. The four ways
that the model can be mounted on these two support hardwire combinations

arc illustrated in Figures 17 and 18.

14
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CONFIGURATIONS INVESTIGATED

The run schedule, i.e., data set collation sheet, for these tests,
MSFC TWT 590/595, 1s shown in Table 2. This table contains the data
set collation identifiers for rhe test and identifies the nominal
conditions at which various configurations were tested. These con-
ditions are angle of attack (a), roll angle (¢), and Mach nunber.
Table5 presents a summary of Table2 and also lists the collective

data set identifiers (several angle of attack ranges grouped together).

Configuration NBRE, was a 0.563 percent scale model of a 142 inch
diameter SRB configuration, less electrical tunnel and nose attachment
hardware (Figures 2 and 3). NBRE; was tested in TWT 578 (Reference 5)
and referred to in that test as NBEj. NBRE; was used as the basis for

comparison for the other four configurations.

Configuration NBRE;, was made from NBRE; by replacing the nozzle/
skirt with one that had a much more hollowed out skirt and nozzle

(Figure 4).

Configuration NBRE;p was made from NERE;, by removing the aft

64.2 inches (full scale) from the nozzle (Figure 5).

Configuration NBRE;S;ELT was made from NBRE; by attaching separation
rockets (Figure 6) and electrical tunnel (Figure 7). The separAation
rockets and electrical tunnel are positioned on the lee side of the

SRB at zero roll angle and angle of attack between 0 and 180 Jegrees
(Figure 8).

15
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TEST FACILITY

The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is /

an intermittent blowdown tunnel which opcrates by high pressurc alr :

\ flowing from storage to either vacuum or atmospheric conditions. A '
Mach number range from .2 to 5.85 is covered by utilizing two Inter- /

changeable test sections. The transonic section permits testing at )

Mach 0.20 through 2.50, and the supersonic section permits testing at 4

Mach 2.74 through 5.85. Mach numbers between .2 and .9 are obtained
by using a controllable diffuser. The range from .95 to 1.3 is achieved
through the use of plenum suction and perforated walls. Mach numbers
of 1.44, 1.93 and 2.50 are produced by interchangeable sets of fixed
contour nozzle blocks. Above Mach 2.50 a set of fixed contour nozzle

blocks are tilted and translated automatically to produce any desired

Mach number in .25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximately

-40°F dew point and 500 psi. The compressor is a three-stage recipro-

£ on i it e e ke -

cating unit driven by a 1500 hp motor.

The tunnel flow is established and controlled with a servo-actuated
gate valve. The controlled air flows through the valve diffuser intc
the stilling chamber and heat exchanger where the air temperature cen
be controlled from ambient to approximately 180°F. The cir then passes

through the test section which contains the nozzle blocks and test region.

16
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Downstream of the test section is a hydraulically controlled piteh
sector that provides a total angle of attack range of 20° (+ 100). Sting
offsets are available for obtaining various maximum angles of attack up

to 25°.

The diffuser section has movable floor and ceiling panels which are
the primary means of controlling the subsonic Mach numbers and permit
more efficient running supersonically. The sector assembly and super-

sonic diffuser telescope into the subscnic diffuser to allow easy access

to the model and test section.

Tunnel flow is exhausted through an acoustically damped tower to
atmosphere or into the vacuum field of 42,000 cubic feet. The vacuum

tanks are evaluated by vacuum pumps driven by a total cf 500 hp.

Data are recorded 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.

17
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DATA ACQUISITION AND REDUCTTON

The parameters measured and recorded during this test werc:

o] Wind tunnel conditions (P, P¢, Tt)

o Six-component force and monment data

o Sting attitude

o Base pressure (~10 < o < 50 degrees only)
Tunnel conditions were used to calculate the Mach number, the dynamic
pressure, and the Reynolds number (Table 1); the six-component force
and moment data were used to calculate static stability coefficients;
the sting attitude, nominal model attitude, and deflection calibrations
were used to calculate the model angle of attack; and tne base pressures

were used to calculate base pressure coefficients.

Base pressures were recorded only over the angle of attack rarge
from =10 to 50 degrees; i.e., only when the model was on a tail mounted
sting. Figure 19 shows the location of the pressure tubes. A tabulation
of the base pressure coefficients (Cpbi) is dinclucded in the appendix
to this report. Zeroes are listed where base pressures were not

recorded.

As stated above, the six-component force and moment data were used
to calculate six-component static stability coefficients. These data
are listed in Table 1. The six coefficients, Cpys Cyps Cppos CNm‘ Cam?

and Cy,, are coefficients in the missile axis systoem.

18
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The missile axis system (Xy,Yy,Zy) 18 a non-rolling body axis
- T system that 1s frequently vsed in wind tunnel tests and studies of

missile €light dynamics. It Is a system of axes that rotates with a

; missile or wind tunnel model through angles of attack but never through
angles of roll; i.e., it never rotates about the missile or model longi-
E - tudinal axis. The orientations of the missile axes coefficients are

i defined in Figure 1, The missile axis system is identical Qith the

body axis system at zero roll angle.

. 8ix~-component static aerodynamic coefficients in the missile axis
system may be converted tc coefficients in the body axis system with
the following six equations:

Ch = Cam
S CN = COyy cos ¢ + Cy, sin ¢

Cy = -CNm sin ¢ + CYm cos ¢

m ey cos ¢ + Cnm sin ¢

€, =-C sin ¢ + Cnm cos ¢

The following reference dimensions were used to calculate the

static stability coefficients:

Parameter Full Scale F¥odel Scale
Reference Area (S,.¢)

based on body cross section 109.98 ft? 0.503 in.2

_,‘.__.,_I
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‘arameter Full Seale Model Scale
Reference Length (gref) &= (bpeg) =

model diameter 142 1in. 0,800 in.

Moment Reference Center
(from body nose)

*XMRP 986.97 in. 5,557 du.
YMRP 0 0
ZMRP 0 0

The force and moment data were corrected for model weight tares but

tunnel flow angularity was assumed to be zero.
DATA PRESENTATION

Data are presented in two forms: (1) aerodynamic static stability
coefficients and center of pressure location are plotted as a function
of angle of attack and (2) data tables are presented that include six
static stability coefficients, two base pressure coefficients, wind
tunnel flow conditions, and model attitude (angle-of attack and roll

angle).

Data Plots
The plots of the static stability coefficients and center of

pressure location are presented in the following groups:

*Note: XMRP (56.69% of total lemgth without portion of nozzle removed,
measured from nose tip)

20




0 Aerodynamic characteriatics of a S0l1d Rocket Booater
(NBRE) at M = 2.74)

0 Acradynamic characterdsties of a SRR with different acngine
nozzle/skires (E), Fja and Epp)

0 Effect of truncated nozzle on SRB acrodynamic
characteristica (Ejpg = ElA)

0 Aerodynamic characteristics of a SRB with scparation
rockets and electrical tunnel (8p)

o Aerodynamic characteristics of a SRB with separation
rockets and electrical tunnel (Sjp)

0 Effect of separation rocket height (81 - S9)

Table 6 presents, for each configuration or comparison of configu~
rations, the coefficients which are plotted and the Mach numbers for

which data are available.

Data Tables

Data tables, presented in the appendix as tabulated source data,
are presented for each of the 134 rums that were made during these
tests. They are presented in the order of data set number. Each table
contains a listing of the six static aerodynamic stability coefficients.
Two base pressurc coefficlents (Cpbi) are listed. Values appear for
those runs that had base pressures recorded, and zeroes appear for
those runs that did not. Each table also includes information that
describes the model configuration, the model attitude, the tunnel flow

conditions, and model reference dimensions.

1f base axial force coefficiente are desired, the equation to be

21
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Base pressure data were teken only durlng runn where the model was tall
mounted.  Configurations NBREy and Nlil{lf‘.lsll-,‘l,'r were the only configu-
rations tested in this manner. Their base arcas are the same and are
as follows:

Ap, = 0.500 sq. in.

Ab = 0.&.1.9 Sqo ino

22
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1.

2.

5.
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: Table 1.
TES T:MSFC_TWT 590/595 Lp_w_i_._l;ﬂ;ﬁ._, 1974 ]
" 1
N : TEST CUNDITIGHS
MACH | REYNOLDS DYNAMIC CUACHATION | STAGHATION
NUMBER| NUMBER PRESSURF TEMILEATURE | PRESSUE
K‘ (TOG/ft) (pounds/ sq.inch) | (engrons tancennelt) | Coounds /g tnch)
L 0.60 4.94 4,32 o3 22
i | 0.90 6.25. 7.38 02 22
1.20 6.65 9.14 102 22
. ' 1.96 7.09 10.25 100 28
, 2.04 5.02 6.37 114 30
3,48 6.62 6.86 L 60
4,00 5.72 5.16 145 70
- 4.45 5.46 4.08 143 80
4.96 4,96 3.07 135 90
BALANCE UTILIZED: _MSFC 237
~ CAPACITY: ACCURACY: e

NP 200 1bs | e

SF 1bs —

A 20 1bs e e e

PM 196 in,-1bs —_— :

RM 98 in.-1bs

YM 50 in.~1bs o -

COMMENTS:
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Table 3,

MODEL DIMENSIONAL DATA

WDEL COMPONENT: Nose-N

GENERAL DESCRIPTION:

142 inch SRB nose, cone angle 1s 18° with a spherical

rA91HE_ﬂQ§2_£ﬂB4__iIhQ_n9ﬁQ_EEiJHﬂLJELjﬂl9ﬁ.fQr_5IinQJmnunLhMLJﬂnﬂlJuuﬂjLsdi.

attack exceeded ]130°),

DRAWING NUMBER:

DIMENSIONS :

Length

Max. Width

Max. Depth

Fineness Ratio

Area
Max. Cross-Se;tiona1
Planform
Wetted
Base

Length When Drilled for

Sting Mountin
(see Figure 6?

THEORETICAL

FULL-SCALE

A88.0 in
142  in.

142 in.
. 1.32

109.98 £t

109.98 ft2

29

MODEL SCALE

~1.059 in__
0.8 in,
0.8 _1in.
1.32

R —————

0.503 in.2

0.503 in.

0.271 in.




Table 3. (Continued)

MODEL COMPONENT:  _BODY - B

GENERAL DESCRIPTION: _142 inch diameter SRB body (this body was cut on its

side for sting mounting for angles of attack from 50° to 130°)

80M32577
DRAWING NUMBER: 80M32579
‘ THEQRETICAL
DIMENSIONS: FULL-SCALE MODEL SCALE
Length 1407,8 in. 7.931 in.
Max. Width 142 in. 0.8 in.
Max. Depth 142 in 0.8 in
Fineness Ratio
Area
Max. Cross-Sectional | 109.98 ftz 0,503 in.
Planform »
Wetted
Base 109.98 ft2 0,503 in.

30

e




Table 3. (Continued)

MODEL COMPONENT: __ _ Attachment Ring - R

GENERAL DESCRIPTION: _An attachment ring (used to attach SRB to ET) is located

1,127 inches model scale (200 inches full scale) forward of the shroud flare.

DRAWING NUMBER:

THEORETICAL ACTUAL MEASURED
DIMENSIONS: FULL-SCALE MODEL SCALE MODEL SCALE
Length ‘ _ )
Max. Width 10.3 in. 0.058 in.
Max. Depth 10.6 1in, 0.059 in.

Fineness Ratio. ..

Area

Max. Cross-Sectional

Planform

Wetted

Base

31

LN bkl oy o e a




Table 3.

MODEL COMPONENT: _ Engine Nozzle/Skirt - E%

(Continued)

3 GENERAL DESCRIPTION: 142.inch diameter SRB engine nozzle/skirt combination.

-’ Both are symmetrical with the SRB body and were cut to allow for sting mounting

for angles-of-attack -10 to 50°. The model was hollowed ~1/8 inch inside the

skirt and 0.867 inches inside the nozzle to simulate full scale,

DRAWING NUMBER:

DIMENSIONS:

Engine Skirt
Flare Angle
Length
Max. Width
Max. Depth
Max. Cross Sectional Area

Engine Nozzle
Exposed length
Max. Width
Max. Depth

Base Area

e

| R TR,

THEORETICAL

FULL-SCALE

15°03'
93 in.
192 in.
192 in.
201.1 ft

——————————

2

52.2 in,

141,6 in.
141.6 _in.

109,52_ft°

32

MODEL_SCALE

__15°03"
0.524 in.

l

1.082 in.

\

1.082 in.

\

920 in.

\

0.294 in.

————————————

0.798 in,
0.798 in,

0,500 in,

2

2




" Table 3. (Continued)
L\ S HODEL. COMPONENT: _Engine Nozzle/Skirt - E,,_
: \ GENERAL DESCRIPTION: _142 inch diameter SRB engine nozzle/skirt combination, .. .-
i; | Both are symmetrical with the SRB body. The ﬁodel was hollowed 0.524 inches inside
; | / the skirt and 1 1/4 inches inside the nozzle to simulate full scale,
- ,
I
Lo DRAWING NUMBER:
b
f THEORETICAL
DIMENSIONS: FULL-SCALE MODEL SCALE
- Engine Skirt
i | Flare Angle 15°03" _15°03"
Length 93 in. .0.524 in,
Max. Width 192 in, 1.082 in.
Max. Depth 192 in. 1.082 in.
Max. Cross Sectional Area . 201.1 ft? .920 in.°
Engine Nozzle
Exposed Length 52.2 in, 0.294 in.
Max. Width 141.6 in 0.798 in
Max. Depth 141,56 in, 0,798 in
Base Area _109.52 £t2 0.500 in 2
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Table 3. (Continued)

MODEL COMPONENT: _Engine Nozzle/skirt - E.o

GENERAL DESCRIPTION: 142 inch diameter SRB engine nozzle/skirt combination,

Both are symmetrical with the SRB body and were cut to allow for sting mounting

for angles of attack -10 to 50°. The model was hollowed 0.524 inches inside the

skirt and 0.888 inches inside the nozzle to simulate full scale.

DRAWING NUMBER:

THEORETICAL
DIMENSIONS: FULL-SCALE MODEL SCALE

Engine Skirt

Flare Angle 15°03' 15°03"'

Length 93 in. 0.524 in.

Max. Width 192 in. 1.082 in.

Max. Depth 192 in, 1.082 in,

Max. Cross Sectional Area 201-1_ff2 0.920 in.>
Engine Nozzle

Depth Inside Skirt 12 in. 0.068 in.

Max. Width 109.6 in. 0.617 in.

Max. Depth 109.é:EE. 0.617 in.

Base Area 65.52 i 0.299 in.2
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! Table 3. (Continued)

MODEL COMPONENT:  Separation Rockets - §,

L* | GENERAL DESCRIPTION: _Two separation rocket pods (used to separate the SR8 from

g o the external tank) mpunted in 1ine with one'another. one on the cylindrical body

! | Just behind the nose and the other on the engine skirt.

'} DRAWING NUMBER; 80M32621

_ THEQRETICAL *
: DIMENSIONS : FULL -SCALE MODEL_SCALE ¥
| Length 12,8 in, _0.41Q in,
Max. Width 13.0 1n. 0.073 in.
. i
Max. Depth 44.7 in. 0.252 in. !

Fineness Ratio

Area

Max. Cross-Sectional

.t mran o = e

Planform

Wetted

e T

Base




Table 3. (Continued)

| MDFL COMPONENT: _ Separation Rackets - 3,

. 1 GENERAL DESCRIPTION: Tuo_sgparation. rocket pods (used to separvate the SRB_feom
T the external tank) mewnted in line with one apother, gne on the cylindeical-hady
| | Just behind the nose apd the other on the cngine skirt, I

DRAWING_NUMBER:

?;"= THEORETICAL
B DIMENSIONS : FULL-SCALE MODEL SCALE
Length 22,8 in, 0,410 o,
Max. Width 13.0 in. 0.073 in,
Max. Depth 22.4 1in. 0.126 1in.
Fineness Ratio
Area
Max. Cros3-Sectional
Planform
Wetted
Base
3
1
R 36
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Table 3. (Concluded)

MODEL COMPONENT:  Flocteical Tunnel o ELT

GENERAL DESCRIPTION: The electrical tunnel runs along the outside of the SRR

cylindrical body to protect the various electrical cables from. acrodynamic
loading.

DRAWING NUMBER:
THEORETICAL
DIMENSIONS : FULL-SCALE .~ MODEL SCALE
N " N 1]

Length 1274 'in. 7.12 in, j
Max. Width 13 in. 0.073 1n. )
Max. Depth __6.in. 0.034 in.
Fineness Ratio . it
Area ) f

Max. Cross-Sectional
Planform

Wetted

e i ey A e . bl .

Base
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—0,524 —»{0.294 jt—o

0.798 DIA. 1.082 DIA.

10°
! g % 0.015

15° 03'

0.015

* Figure 3. ENGINE NOZZLE/SKIRT E,
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Figure 6. SEPARATION ROCKETS
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| | STING ADAPTER 1
o 54 51 62
o0 0%
O o
53
'—"'” = 3,50 o
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61 62
o 094
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STING ADAPTER 3
. Figure 10. STING ADAPTERS
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l
NOTE: ALTERNATE HOLE SET B, 4, 5, 6

SHIFTEL 0.360" FROM HOLE SET A, 1, 2, 3.

5O —|- L"\
5°

WAL

)
2
0 —a] ) e

3

5

essaiiandiendiie

HOLES A-2 AND B-5 RADIUS = 0.80
HOLES A- 1, 3 AND B-4, 6 RADIUS = 1.15

Figure 13. BALANCE ADAPTER 118 (MSFC STING NO. 118 FROM MSFC DRAWING 80M42582)
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NGRTHROP SERVICES, INC.

Figure 14. BALANCE ADAPTER (FROM MSFC DWG. NO. 80M425G9)
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NORTHROF £RVICES, INC.

BALANCE ADAPTER EXTENSION
NO. 80M42509

BALANCE f G

BALANCE ADAPTER NO. 113

STING ADAPTER NO. 1

N

I 1

i SO

- et

STING NO. 1

Figure 15, SUPPORT SETUP-END MOUNT
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NORTH..dP SERVICES, INC.

STING NO. 3

BALANCE

STING ADAPTER NO. 3

BALANCE ADAPTER NO. 118

Figure 16. SUPPORT SETUP-SIDE MOUNT
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MORTHRGP SERVICES, INC. . . .

CHANNEL NO 2 \\\

Figure 19,
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APPENDIX

TABULATED SOURCE DATA

Pibnlations of plotted data are available on request from

ot Managenoent Services,
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