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FOREWORD

The work reported herein was done at the request of the Space and
Missiles Systems Organization (SAMSO), Air Force Systems Command
{AFSC), for the Martin Company, under System Programs 632A and
623A.

The results of the test were obtained by ARO, Inc. (a subsidiary of
Sverdrup & Parcel and Associates, Inc.), contract operator of the Arnold
Engineering Development Center (AEDC), AFSC, Arnold Air Force Station,
Tennessee, under Contract AF40(600)-1200, The test was conducted from
March 13 to April 24, 1967, under ARO Project No. PT0732, and the
manuscript was submitted for publication on June 29, 1967.

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the U.S.
Government subject to approval of SAMSO (SMSDM-1) STINFO, AF Unit
Post Office, Los Angeles, California 90045.

This technical report has been reviewed and is approved.

Richard W. Bradley Leonard T. Glaser
Lieutenant Colonel, USAF Colonel, USAF
AF Representative, PWT Dir&ttor of Test

Directorate of Test
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ABSTRACT

A 0. 03-scale model of the Titan III/{ Manned Orbiting Laboratory (MOL)
launch vehicle was tested in Tunnels 16T and 16S of the Propulsion Wind
Tunnel Facility at Mach numbers from 0. 6 to 3, 0 to obtain aerodynamic
force and moment data on the airborne vehicle during the abort sequence.
Test results show that there was a reduction in magnitude of the pitching-
moment and normal-force coefficients at all angles of attack as jet pres-
sure ratio (p./p,) was increased. Thrust termination (jet off to jet on)
resulted in an increase in the magnitude of both the yawing-moment and
side-force coefficients at all angles of attack,
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SECTION |
INTRODUCTION

The Titan III/ MOL (Manned Orbiting Laboratory) launch system is
a Titan 120-in, -diam core with two 120-in, -diam, seven-segment,
strap-on, solid-propellant rocket motors (SRM's) and the MOL. The
MOL is a 120~in. -diam cylinder with a Gemini B attached to the forward
bulkhead. The flight crew occupies the Gemini B during launch.

During the time from liftoff, until the solid-propellant rocket motors
burn out and are jettisoned, a malfunction could occur that would make it
necessary to initiate an abort of the mission. An abort sequence is initi-
ated by thrust termination - opening the exhaust ports in the nose of the
solid-propellant rocket motors. The time available to the flight crew to
escape from the vehicle is dependent upon the time required for the vehicle
to reach an attitude which will ultimately result in a structural breakup.

A 0, 03-scale model of the Titan IIl/ MOL launch vehicle was tested in
the Propulsion Wind Tunnel, Transonic (16T) and Propulsion Wind Tunnel,
Supersonic (16S5) of the Propulsion Wind Tunnel Facility (PWT) to obtain
aerodynamic force and moment data on the vehicle during a simulated
abort sequence, High pressure air was used to simulate the rocket exhaust
from the thrust-termination ports which were located on the nose of the
SRM's. No attempt was made to simulate the normal SRM rocket nozzle
exhaust. Data were obtained at Mach numbers from 0.6 to 3, 0 for model
angles of attack and angles of sideslip from -35 to 35 deg.

This report is concerned only with the force phase of this test. The
results from the pressure phase of the test are presented in Ref. 1.

SECTION I
APPARATUS

2,1 TEST FACILITIES

Tunnel 16T is a closed-circuit, continuous-flow wind tunnel that can
be operated at Mach numbers from 0. 55 to 1. 60. The tunnel can be oper-
ated over a stagnation pressure range from approximately 160 to 4000 psfa
and over a stagnation temperature range from 80 to 160°F. The tunnel
specific humidity is controlled by removing the tunnel air and supplying
conditioned makeup air from an atmospheric dryer., Perforated walls in
the test section allow continuous operation through the Mach number range
with a2 minimum of wall interference.
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Tunnel 16S is a closed-circuit, continuous-flow wind tunnel that
can be operated at Mach numbers from 1. 65 to 3,20, The tunnel can
be operated over a stagnation pressure range from 100 to approxi-
mately 1800 psfa. The test section stagnation temperature can be con-
trolled through the range of 100 to 650°F. The tunnel specific humidity
is controlled by removing tunnel air and supplying conditioned makeup
air from an atmospheric dryer.

Details of the test sections showing model location and sting support
arrangement are presented in Figs., la and b. A more extensive descrip-
tion of each tunnel and its operating characteristics is contained in Ref. 2,

2.2 MODEL GEOMETRY

The Titan III/ MOL launch vehicle is a Titan III 120-in. -diam core
with two 120-in. -diam, seven-segment, strap-on, solid-propellant rocket
motors (SRM's) and the MOL. The MOL consists of a 120-in. -diam
cylinder which is mounted aft of a Gemini B spacecraft. A sting-mounted
0.03-scale force model of the basic launch vehicle was tested in each
tunnel. Major model details and dimensions are shown in Fig. 2. Typical
model installations in the tunnels are shown in Figs. 3a and b.

2,2.1 Auxiliary Pitch Mechanism

To obtain the required angle of attack and angle of sideslip range for
these tests, the test article was supported in the wind tunnel by means
of a remotely operated, cantilevered sting attached to the basic sting sup-
port system of the tunnel. This auxiliary pitch mechanism can be operated
from -11 to 30 deg in one plane only. In order to obtain angles of sideslip
or combinations of angle of attack and angle of sideslip, the model, forward
of this mechanism, must be rolled manually, For these tests the model
could be rolled forward of the mechanism in 45-deg increments from 0 to
360 deg.

2.2.2 Thrust Termination Simulotion System

High pressure air was used to simulate the solid-propellant rocket
exhausts that would be exhausting through the thrust termination ports on
the nose of the SRM's during the abort sequence., Each SRM contains an
internal tank which provides a stilling chamber for the air supplied to the
thrust termination ports. The air is supplied through the aft end of each
SRM from a high pressure supply located outside the tunnel shell. The
internal tanks were supported by the sting and in the model by a four-
component balance free to move in the axial direction. Internal details
of the model and the thrust termination port are shown in Figs, 4 and 5,
respectively.
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2,3 INSTRUMENTATION

An internally mounted, six-component, strain-gage balance was
used to measure model forces and moments, An additional, internally
mounted, four-component, strain-gage balance, free to move in the
axial direction, was used to measure the forces and moments trans-
mitted to the model by the thrust termination supply tanks. The cham-
ber pressure of the thrust-termination simulation system was measured
by two model-mounted transducers.

QOutputs from the balance and pressure transducers were digitized
and code punched on paper tape for on-line data reduction. The balance
outputs were also continuously recorded on a direct-writing oscillograph
for monitoring model dynamics.

SECTION 1l
TEST DESCRIPTION

3.1 PROCEDURE

For a given model roll angle forward of the auxiliary pitch mechanism,
angles of attack (&) and angles of sideslip (3} over the range available were
obtained by remotely pitching and rolling the main support mechanism, and
remotely pitching the auxiliary pitch mechanism.

Data were obtained while holding Mach number and thrust-termination
chamber pressure ratio {pe/p,) constant and varying ¢ and 8. During the
majority of testing, pe/p, was held at a nominal value for each test Mach
number. This nominal value corresponds to the pq/p, ratio required to
simulate the solid-propellant rocket exhaust at that Mach number, At all
test Mach numbers, data were obtained with no thrust-termination simu-
lation (jet off) and, for certain test Mach numbers, jet pressure ratio was
varied above and below the nominal value, The nominal chamber pressure
ratios during these tests are shown in Fig. 6. The model was tested at
Mach numbers from 0.6 to 1.4 in Tunnel 16T and from 1.8 t0 3.0 in
Tunnel 16S.

3.2' DATA REDUCTION

The normal- and side-force, and pitching- and yawing-moment data
obtained were corrected for the normal force, side force, pitching moment
and yawing moment that the thrust-termination supply tanks imposed on the
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model, As a result of friction, axial force from the supply tanks was
transmitted to the main balance and prevented acquisition of accurate
axial-force data, The force and moments were corrected for weight
tares and were reduced to coefficient form in the body axis system.,
Pitching and yawing moments were referred to a common model station
19. 556 in. aft of the nose., All force and moment coefficients were
based on core diameter and cross-sectional area.

3.3 PRECISION OF MEASUREMENTS

An estimate of the accuracy of measurements in 16T and 16S is
presented in the following table. The maximum variation in centerline
Mach number in 16T is +0, 005 at M_ = 0.6 and £0.016 at M = 1. 5.
The maximum variation in centerline Mach number in 16S is +0. 02,
and the off-centerline Mach number agrees with centerline Mach num-
ber within #0. 01. The uncertainties in force and moment coefficients
include the errors associated with balance zero shifts and calibration
curve fits,

ta, 13, 1q,,

Mo ger  dew  pst +Cm +CN +Ch +Cy

0.8 0.2 0.2 6.0 1.683 0.311  1.398 0,257

0.2 0.2 6.0 1.257  0.233  1.480 0,276

2.2 0.2 0.2 4.0 1.988  0.369  1.573  0.293

3.0 0.2 0.2 4.0 3.227  0.601 2.694 0,503
SECTION IV

RESULTS AND DISCUSSION

The purpose of this phase of the tests was to obtain aerodynamic
characteristics of a 0. 03-scale model of the Titan III/ MOL launch vehicle
during a simulated abort sequence at Mach numbers from 0.6 to 3.0. The
results of the investigation of the Titan III/MOL launch vehicle during a
simulated abort sequence are presented in two general categories:

(1) effect of the jet pressure ratio (pclpm) of the thrust-termination simu-
lator on model aerodynamic characteristics and (2) effect of model attitude,
at nominal trajectory flight conditions, on model aerodynamic character-
istics.
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4.1 EFFECTS OF JET PRESSURE RATIO

The effects of jet pressure ratic on pitching-moment and normal-
force coefficients throughout the angle-of-attack range are presented
in Figs. 7 and 8, respectively, for the various test Mach numbers.
There was a reduction in magnitude of the pitching-moment and normal-
force coefficients at all angles of attack as jet pressure ratio increased.
This was more pronounced at the higher Mach numbers where the magni-
tude of the jet pressure ratio was larger.

Yawing-moment and side-force coefficients, as a function of angle
of sideslip for zero angle of attack, are shown in Figs. 9 and 10 for
various jet pressure ratios. Execution of the abort (thrust-termination)
firing sequence, i.e., jets-off to jets-on, resulted in large increases in
the magnitude of the yawing-moment and side-force coefficients. These
effects were more pronounced at subsonic and low supersonic Mach
numbers.

The static longitudinal and directional stability characteristics of the
Titan III/ MOL model are presented in Figs. 11 and 12, Data are pre-
sented for no thrust-termination simulation (jets-off, p./p, = 1.0} and
thrust-termination simulation (jets-on). Thrust-termination simulation
at all Mach numbers resulted in a rearward shift in the center of pres-
sure in both the pitch and yaw planes, In general, this center-of-pressure
shift decreased as Mach number increased,

4,2 EFFECT OF MODEL ATTITUDE

The results presented in this section pertain to thrust-termination
simulation (jets-on) at the nominal trajectory jet pressure ratios.

The effects of angle of sideslip on the pitching-moment coefficient
for various Mach numbers throughout the angle-of-attack range are pre-
sented in Fig. 13. At constant angle of attack, increasing the magnitude
of sideslip angle increased the magnitude of the pitching-moment coef-
ficient, This effect was pronounced throughout the range of the data.

Normal-force coefficient is shown as a function of angle of attack
with angle of sideslip as a parameter in Fig. 14, Significant changes
in the slope of Cp versus ¢ curves occurred for angles of sideslip
greater than 10 deg, and this effect was more pronounced at subsonic
and low supersonic Mach numbers,

Yawing-moment coefficient is shown as a function of angle of sideslip
for various angles of attack in Fig. 15. At Mach number 0.8, large
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decreases in yawing-moment magnitude occurred at the higher angles of
attack, At supersonic Mach numbers this trend was reversed and was
more pronounced for intermediate values of ¢ at high positive 8, The
effect of angle of attack on side-force coeificient throughout the angle-of-
gideslip range is presented in Fig. 16. Significant changes in side-force
coefficient at all angles of sideslip occurred only in the initial +10-deg
change of angle of attack.

SECTION V
CONCLUDING REMARKS

Aerodynamic force and moment data were obtained for a Titan
III/ MOL during a simulated abort sequence at Mach numbers from 0, 6
to 3.0. The results of the investigation are summarized below,

1. There was a reduction in magnitude of the pitching-moment
and normal-force coefficients at all angles of attack as jet
pressure ratio (p./p,) was increased.

2, Thrust termination (jets-off to jets-on) resulted in an increase
in the magnitude of both the yawing-moment and side-force
coefficient at all angles of sideslip. These effects were more
pronounced at subsonic and low supersonic Mach numbers.

3. Thrust-termination simulation at all Mach numbers resulted
in a rearward shift of the center of pressure in both the pitch
and yaw planes,

4. The magnitude of the pitching-moment coefficient increased
with magnitude of sideslip angle for constant angles of attack.

5. Significant changes in the slope of Cy versus o curves occurred
for angles of sideslip greater than 10 deg, and this effect
was more pronounced at subsonic and low supersonic Mach
numbers.

6. Significant changes in side-force coefficient at all angles of
sideslip occurred only in the initial +10-deg change of angle
of attack at all test Mach numbers.



AEDC-TR-67-154

REFERENCES

1. MacLanahan, D. A. and Homan, M. L. "“Wind Tunnel Investigation
to Determine Pressure Distribution Characteristics of a
0.03-Scale Model of the Titan 1II/MOL Launch Configuration
during the Abort Sequence at Mach Numbers from 0. 60 to 3, 00, "
AEDC-TR-67-141, July 1967.

2. Test Facilities Handbook (6th Edition). ''Propulsion Wind Tunnel
Facility, Vol. 5." Arnold Engineering Development Center,
November 1866.

-



AEDC-TR-67-154

APPENDIX
ILLUSTRATIONS



1

/"| |?7\

= O FLOW | 6% OPEN AREA
= & ]Q) Y : HOLE DIAMETER =0.75 n
ab | © / e e 605 PLATE THICKNESS = 0.75 in
o a2 Y §
o —E q 44 SECTION A-A
TYPICAL PERFORATED
WALL PATTERN SOLIO DIVERGED WALL
SECTION TO ALLEVIATE MODEL SUPPORT

PERFORATED WALLS— STRUT BLOCKAGE STRUT

/ | 4
/

—
| I ( | 1
STA STA STA STA STA
0 13.46 15.43 18.79 40

TUNNEL STATIONS IN FEET
a. 167

Fig. 1 Location of Model in Test Section

PSL-£9-¥1-2403Y



[

FLEXIBLE NOZZLE

FORWARD CART

MODEL SUPPORT

/_ STRUT

y
f

Fig. 1 Concluded

! |

I
| I
| |
| |
| |
{ |
| , I
= o ! @) |

3

| | |

!
| |
I I

|
| |
| |
| ]
| | l-————| 1 |

STA STA STA STA STA
-86.54 -457 .21 0.65 10.21 20,11
TUNNEL STATIONS [N FEET
b, 165

¥51-£9-41-2Q3Y



€1

63.984 N
60.203
59,591 F |
58.767
49047— :
e g Viia 47.807 — — a4
27.093 s ! CORE BASE —
23642 — |
563412960 T ; |
l~—6.060 ' OF - T i R ) e
1143~ | >
IO — =
FORWARD SEPARATION
ROCKETS 38 - el asdll
THRUST TERMINAL——
EXHAUST PORT
90° |
—THRUST VECTOR GROUND SUPPORT TIES
CONTROL
180% 0*°
2 \, 334
L J
2700 311°30
PIERAR AFT SEPARATION

{LOCATION OF PROTUBERANCES)

2r0°
FRONT VIEW

Fig. 2 Medel Details

ROCKETS

NOTE: DIMENSIONS ARE
IN INCHES

REAR VIEW

pPS1-£9-¥1-02Q3Y



AEDC-TR-67-154

LT 17

I R T
CPPR PPN aniy
FE R NN,
PRy ir T
' FE RN R Y
TR, peei
i@ rs '
g o gt L
RN

i

_ .

o“‘.\'\ﬁ-\\‘
- ...

-

LI .

-

WS e S % WS ==

!

14

Fig. 3 Photegraph of Model Installed in Test Section



¢l

Fig

b. 16§
. 3 Concluded

==

B A EDC
: 5598-67

e

Ly

Pel-£9-¥L-2Q3v



91

AL

THRUST-TERMINATION AIR SUPPLY TANKS
MAIN BALANCE

HIGH PRESSURE AIR SUPPLY LINE

STING

THRUST-TERMINATION EXHAUST PORT

THRUST-TERMINATION SUPPLY TANK BALANCE ( FREE TO MOVE IN THE AXIAL DIRECTION)
SRM

TVC

® @

Fig. 4 Model Internal Details

rSl-£9-¥41-2d3V



LT

SYM G

5.016

4.203

3.451

y_
;, el

20° 5.7
~ 1.0l

///

¥
V4

45° —l

Ve

Fig. 5 Thrust-Termination Port Details

NOTE: DIMENSIONS I[N INCHES

FSL-L9-¥1-2Q3Y



AEDC-TR-67-154

360

Pc/Pep

320

280

240

200

160

120

80

40

]

|

' : /
/
' —
' /
)4
, %
-
j

| e

Fig. 6 Pressure Ratio Required for Nominal Trajectory

18



61

60

ch Pe/Peo
A T TR | Wi
20 (J.?\\\ % })\ \CN Mo NOMINAL Pc/Pe
Mo*0.6 o.a‘% 0.9 (g ) g.g é?.gg
s i B . be i
\K’i EaS \\ \‘ﬁ\ﬁ
+ 20 )4, .
NAY AW
5 N1\ N ¥ A\
N A \ I\
“ \ 5 Y 08
\ \\ ;
88 ! \ \ i
= \ \ \
P i A\ \
\ \ \
-120 ! \!\ \
\ s

a. Mach Numbers 0.6 to 1.0

Angle-of-Attack Range, 3 = 0 deg

a,deg

Fig. 7 Effect of Jet Pressure Rafio on Pitching-Moment Coefficient for Yarious Mach Numbers throughout the

¥SLl-£9-¥1-Da3v



0¢

b. Mach Numbers 1.1 to 1.4

Fig. 7 Continued

c:o Pe /P
“ O |.oM e
R ‘ 3 % Sser ¥ nownn
e Mot LITN 1.2 13 % . e et e/ P
PR s
0 :\2\ é}\rl\ {\1;\\< %\ L4 9
-20 \Tl
\“\ ]
\
\ \ N
i \ \ A\
1\3\\ A
s L
\ \ )
- \ \b \x
-140 @)
"6-%0 .20 -10 0 0 0 o 10 20 30 40

a, deg

pPSL-£9-81-2Q3Y



] Pc/Pen

1.0
NOMINAL

1.428 X NOMINAL |
2.000 X NOMINAL,

[

=2
’/;./

)

o ]
//_‘
z ppon

NOMINAL Pc/Pw

-
18 66.67
® RN 22 104.60
& 156.25
0 33333

%4
i
>
//
7
]

Te

R

|1 1
/ P
|+
10
)
e

5

>

c. Mach Numbers 1.8 10 3.0
Fig. 7 Concluded

PSL-£9-¥1-0Q3V



[44

30 :
Pe/ P
c
" 1gtLo Me,= Q.65 o.e) 0.9 1.0 [
20| O NOMINAL (
A 0.667 X NOMINAL ‘1/ )JD/
O 1.250 X NOMINAL ( 4 /r7)
|0 Mo NOMINAL Pc/Pe Ry //E' \//b//‘ .
0.6 16.80
0.8 21.93 | LZ)/ |~ LN LA
0.9 24.10
oL-L.0 25.77 /L —
= & & 4
-10
2% 20 -0 ) 0 ) 0 0 20 30 40

a,deg

a. Mach Numbers 0.6 1o 1.0
Fig. 8 Effect of Jet Pressure Ratio on Normal-Force Coeff

icient for Various Mach Numbers throughout the
Angle-of-Attack Range, 8 - 0 deg

FPSL-L9-¥1-04Q3Y



£e

CN

_pC/-pcn
a 1o ol we )l ooty
O NOMINAL
30 A 0.667 X NOMINAL |
O 1.250%X NOMINAL
Mo NOMINAL Pe/Poo
I.1 29.41 - |
g 1.2 31.85
1.3 36.36
1.4 39.06
10} T —
o ,/Q‘/e
. 5
-10 A
-20 L i =1L
-30 -20 -10 0 0 0 10

40|

b. Mach Numbers 1.1t0 1.4
Fig. 8 Continued

20 30 40
a,deg

PSL-£9°¥1-DA3V



ve

40

P/ P
R i
NA
OIS 1A
N

1.428 X NOMINAL
2.000 X NOMINAL

20| Ma NOMINAL P/ Py
.8 66.67
22 104,60
2.6 156.25

10| 3.0 333,32

el
410 ('ya
P o

-30 -20 -0

c. Moch Numbers 1.8 to0 3.0
Fig. 8 Concluded

pS1-29-41-0Q3Y¥



30 <>
Cn

I RN el o
50 M..=O.GF/ oo /. 09l 1.0 R
10 ! //I; }\%/7}; |

yZSRRD/ 4AND/4RRY /0N
= :
7 A
P > . i
r Wi AL /? DRErE LT
A LT K| 43/ ) ﬂJI/ Pt 7
20 | n-d J7Z4 R _,_/I }P, O NOMINAL
/ | A 0.667 X NOMINAL
L, a8 . / d O 1,250 X NOMINAL
-30 7 / | K a0 Mo NOMINAL P/ Pos
o 27 R P DN A
/ [ - ‘ ‘ 0.9 24.10
-40 p ‘O LY . \ 1.0 25.77
i | T =
-50- 7 : ? | o
) | | |
40 30 -20 -0 0 0 0 ) 0 20 30
B,deq

a. Mach Numbers 0.6 to 1.0

Fig. 9 Effect of Jet Pressure Ratio an Yawing-Moment Coefficient for Yarious Mach Numbers throughout the
Angle-of-Sideslip Range, a2 = 0 deg

PS1-£9-8L1-2d3V



o I ¢
L‘.L'-A 1.2 f |.3)1ﬁ 1.4 A
5 i

Yr it
D i

Y’ / Pe /P

.0
OMINAL

92

N
0.667 X NOMINAL
1.250 X NOMINAL

X
OO0

LIJ
&7/ o

/ / // Mr NOMINAL rc/p-
S / & Ha i
d .3 36.36
L 39.06
U
20 -0 0 0 0 0 10 20 30
B, deg

b. Mach Numbers 1.1 1o 1.4
Fig. 9 Continued

PSl-£9-¥L1-0Q3Y



Le

30

¢ g | |
5 e u..gi?//gﬁ 229/ 2.6; 30 é N
_ 7 |
inw / Iy ARREY/;
& A 7 D/ﬁ,’% 7 || |
-{0— ;/ ¥ ? i i M ' | ~
e )7 )4 bl kol RY ,p‘__,_
Hplas " yARREPY: JE I
-20 ﬁ Eﬂ/fé g NOMINAL il
1 I R R
-30—— ﬁ ﬁ T / ! Mo NOMINAL Pc/Pae
/| 3 e & 1.8 66.67
T2 ( } //j 2.2 (04.60
-40 -' ! 2.6 156.25
‘ / | 3.0 333.33
7?( i_ i e 1P =
o C{ ' : . |
<A / // E[Q/ | ,'
60— l—t d 1
1
% 20 1 -10 ) ) 0 10 20

c. Mach Numbers 1.8 to 3.0
Fig. 9 Cencluded

B, deg

¥Gl-£9-81-DQ3V



82

2 (& oy
O 1LO
Fi O NOMINAL
8 A 0.667 X NOMINAL
\ Q & 1.250 X NOMINAL
Mg =0.6 0.8 o.g\ﬁN 1.0 Up\ Mg NOMINAL P /Pq
W R \\5\ | \Q\ 06 16.80
FaN 0.8 21.93
A 0.9 24.10
¥ | 1.0 25.77
0
\ \
-4 { o
0 h) e, o
-8
-40 -30 -20 -10 0 0 o) 0 10 zoB dog30

a. Mach Numbers 0.6 to 1.0

Fig. 10 Effect of Jet Pressure Ratio on Side-Force Coefficient for Variovs Mach Numbers throughout the
Angle-of-Sideslip Range, ¢ = 0 deg

FEL-£9-41-DQ3V



B¢

12
Pe’/ P
CY <}> e
0 1.0
Ql P O NOMINAL
8 9 . 4 0.667 X NOMINAL
Mo =11 [N\ 1.2\ 1.3 |.4x‘ < 1,250 X NOMINAL
Mg NOMINAL Pg /Py
; AN A N
- 1.3 36.36
% 1.4 39,06
X T
3 U
o (%\f)\ )\( m
-8
.40 -30 -20 -10 0 0 0 0 0 20 30
B3, deq

b. Mach Numbers 1.1 to 1.4
Fig. 10 Continved

¥SL-£9-41-D203Y



0€

16
and-: I
R BN 2
N 1.428 X NOMINAL
% \5 \ D 2.000 X NOMINAL
; \ Mg NOMINAL p. /pg,
“m’%jl\ Z\H o] :]o\L 25 10460
’ N X ze ez
b
° l‘*ﬁ% -
’ SHLE YRR BN
- : N
) 1 1
e 30 -20 -10 0 0 o 0 - =
B.deg

c. Mach Numbers 1.8 te 3,0

Fig. 10 Concluded

FSt-£9-81-243v



L&

oo i T T
[ N ] g 1o
i = n = —1 R Beer % NOMMNAL
, o 5 : g Ve 1 g
P i & s Sl e [ D 2000 X NOMINAL
|
g 0| || 720 Y K N ! M., NOMINAL Pc/Pew | |
o\ Ny 0.8 21.93
20 - 1 - ~ - R I.1 29.41 -
EN Nl PRI L]
. : %\ %\c 30 33333
N . 1898 N \
.20 ) I CI | \%Q k‘b\
b \\ L\:L |
SRR N ®
: AN \ = \\ \\ ) __\ : LQ \K
-60 | YK \3 U\\ \'\ \ =
| \R\ \k\ g g e
R SN T RE <
| | ‘QQ\\ N N ] %\\
e N AN N N N
\\\ N N \‘\\ o N
-120 : \9% & b\\ g
| A \K i i \\\\ ) h:
-140 r— e D
| i
S TR ) ) 0 0 l ) T 16 20 24 cx

Fig. 11 Longitudinal Stability Characteristics of the Titan Ill/MOL for Various Mach Numbers, i = 0 deg

ySl-49-¥1-0Q3Y



A%

40

Gy Pe/ Pes
30 D 8 IﬁgMINAL
Q % éé 0250 X NOMINAL
zo_m.so.a& L1 :\ A 2.20, 30 Q B 2/060% NOMINAL
&? L% t\ M. NOMINAL Pe/Pu
\‘%‘ \ 0.8 21.93
' \ \ 4 39.06
2.2 (04.60
3.0  333.33
(ENEA \EES VEEE Y EEL |
-0 \b\\ \N | ZO
%\}L 2\ | \
- A\ \ N
\Q\A W\H
\@\ \
-3 A
\-\\ \\\:\ 3 \ £
-40 i N 3 AN
v s \ By
N &R N
-50
N A
-80 & S.J
e W ) ) o s . T
Cy

Fig. 12 Effect of Jet Pressure Rotio an Directianal Stability Characteristics of the Titan 111/MOL for Voriaus Mach Numbers,

a = D deg

PSl-£9-¥1-2Q3YV



£e

100 T ' =] =T T

80

60

20/ |- Prpsi

|
i
1

rFoooap

vipg— —MN
0CCO00Q

8, deg

ST )

i

——

-80

-100

-120 =

]
-140— g it i |

|

i

=

-30 -20 -10 0 ) 0

a. Mach Number 0.6 to 1.0

1o

20

30

40

a,deyg

Fig. 13 Effect of Angle of Sideslip on Pitching-Moment Coefficient for Various Mach Numbers throughout the

Angle-of-Attack Range at Nominal Jet Pressure Ratio

PEL-£9-41-2Q3V



be

80

Cm &\ o I T—L\‘ l ] B, deql
o 1ol 0 LENAWEEE i g 10|
Mo =11 "\ 1.2 E |_{§\ | § ¥ 1
40 - Sl’ q hL, A | % :Z?OQ !
QL ‘ \ \ \ \\ 4 +- » == 1 !
s INREER R EEENE R
\ R 2 \glﬁ\ ) ol
: T e
: = L A =1
Y VERELD VRSN
b 3 ! NN -
-40 h <1y \h\ 3\\ ‘ : \I\\ \ \ ”
b N 5 k(_\ |
BET i \
- %\ ) LY
L\ 3 Jutid
b1 & 1 A\ AR
\ A \ 2 \
-120 g \
-140 P \
"6.030 .20 -0 0 ) 0 0 10 20 30 J40

b. Mach Numbers 1.1 1o 1.4
Fig. 13 Continued

PSl-£9-¥1-2Q3Y



!

AEDC-TR-67-154

40

J H__ - _ %!g r M
M goooo | , j o = o?
8”2 .../.._1.._ \\\-L ™
am0042 i AR AR d
AA
<l 1 “W gad | A o
| L l\ 0 \ .\\\r o
_ A mu\6\\\ =
- N.m\\\ & e _\\\ -+ |
RR \L\\B\ \Q
o N\\\ ’ wﬂuw; =
¥ 7 AV T o
%N“T\ o 3
L~ o2 T s
24T — A £ s
A o 1k 23
Lw o \\v\ = z =
- Y = Pz o &
- L b
4 = A -~ g
oty | N L=l
2 LMW\ .
T o
o °
\J\\ o
i ?
3 1 \
8
= . o
o o o o o o o o o o o o o
L L L Tl R AL - B
o ] [l 0

35



28

30 ‘ g
CN Bv deg _ |
= B ?8 | My=06 5 08 W D.9 |.o‘5/’
§-|8 ¢ // /
= i N l o/
- -gg | 17 }3/
r\ﬁ/ //' LY 5/(3/{\-
P ot
O ),f( FE
-10 _I;JX,TS’ -
| -
2% 20 -0 0 0 0 o} 10 20 3oa de:o

a. Mach Numbers 0.6 to 1.0

Fig. 14 Effect of Angle of Sideslip on Nermal-Force Coefficient for Yarious Mach Numbers throughout the
Angle-of-Attack Range at Nominal Jet Pressure Ratios

rSL-£9-¥1-D043Y



LE

40

6, deg Ba T i
Cn
30 % %§I ! ' }
% "28 Mm=l.lo 1.2/ 1.3 1}:
5o -30 / | ﬁ
- H/) /j ,/gﬂlﬂf

o ?I = Ly

10 ] // o SI L CRIE P A

o P\ i W -
N I
20— s ‘
|

-30 L N
B0 | =20 -0 0 0 0 0 10 20 30 40

a,deg
b. Mach Numbers 1.1 t0 1.4

Fig. 14 Continued

ySi-£9-d41-0a3v



8¢

40

B, deg

20 ]
10 /
-10 i : i
-20

O

30

rgreelelnly)
|
LTE
O

20

NN

R
K%L_(YL
SEAS

Rl

i
X
NWL
s
ASY
N
N
K
T
R

AP

-20 e
-30
30 20 <10 o 0 0 0 10 20 30 40

Qa,deg
c. Mach Numbers 1.8 to 3.0
Fig. 14 Concluded

PS1-L9-¥1-D2C3Y



8t

50

Cn
40 N ?)

30

o 2/ 2 &
20:}1» | | { /;/QY / pe, '
10+ B/j = ﬁ ’f
I R R A
; VARRSE:-% i o
| Ve D i /i il al |
il Iy ZANnnr ARy =

>
\,<
TR
N
AW

' i S 0
-40— / ‘45{‘ 4;Ll a,deqL
By N 30 |
/s 8 1
by SO
1 B Zga
-60 ,LQL S S J_iL L
-40 -30 -20 -10 0 0 o] o 10 20 30
B, deg

0. Moch Numbers 0.6 to 1.0

Fig. 15 Effect of Angle of Attack on Yawing-Moment Coefficient for Various Moch Numbers throughout the
Angle-of-Sideslip Range ot Nominol Jet Pressure Ratios

?SL-L9°¥1-203Y



)%

’ 30 P
MO-I.IS l.rzL .3 1.4 /f
E 7 f 7 7
4 iz A
. % Bl g
/4 7 | A /o
, 74 & !
. A ¥
yARME . ARBEy AREEY
/ V4% /4
d 1 5/ 74
= /] /r /5
/ % /4
bl ] d Vi
=] of ‘ n 300 |
-50 S o ]
b 8 49
L -40 -30 20 -i0 0 0 0 10 203‘ de°30

b. Mach Numbers 1.1 %0 1.4
Fig. 15 Continved

PSL-£9-4L-203Y



| B
%l =, 2.2 A Z.Gk 3.0
A A O x

| LN d & S( R // A d

1%

ViAWY T "50°

D
k)
D ooob
0o

.30 -20  -10 0 "0 0 o 0 10 20

c. Mach Numbers 1.8 to 3.0
Fig. 15 Concluded

pSL-£9-81-20d3V



(44

‘— | &% Tt \O\«

A N y
q [ [ Fi 2
= A\ %)
N N
N
-8
Dy
| 5
%6 30 20 o [0} [} 0 [} 10 20
B.,d8g

a. Mach Numbers 0.6 to 1.0

Fig. 16 Effect of Angle of Attack on Side-Force Coefficient for Yarious Mach Numbers throughout the
Angle-of-Sideslip Range ot Nominal Jet Pressure Ratios

30

PS1-£9-¥1-2d3V



£¥

Cle A] [l] LJJ 'ﬂn a, deg
h ﬁsb\( g q o A 20
o) R T NG T g o 2
) ko T N 8 29
\q C % =
S N e S R
f e ¥ il )\O\*& \
5 N B NN
) A X1
-12 i éi \A
|
1% 30 20 -0 0 | 0 0 0 20 3
B.deg

b. Moch Numbers 1.1 to 1.4
Fig. 16 Continved

¥§1-£9-¥1-D2Qa3v



jidd

16
oy Mol z.z(L 2.6 o | a, deg
g N 30

e "\t\ . ! A 5 38
SO o

0 -10

“

i

4
v4
d

&

/£,

e

-8
‘ N N\
-12 N \ 15
j% N
e
-40 -30 -20 -10 0 0 0 ) 10 20 30

c. Mach Numbers 1.8 to 3.0
Fig. 16 Concluded

8, deg

PSL-£9°d1-2d3v



Security Classification

DOCUMENT CONTROL DATA-R&D

(Security classiticetion of title. body of abstract and indexing annotation must be entered whon the avarall report is clasalfied)
1 ORIGINATING ACTIVITY {Corporats author)

24, REPORT SECURITY CLASSIFICATION
Arnold Engineering Development Center UNCLASSIFIED
ARO, Inc., Operating Contractor

- 2h, GROUP
Arnold Air Force Station, Tennessee

N/A
2 REPORT TITLE
WIND TUNNEL INVESTIGATION TO DETERMINE AERODYNAMIC CHARACTERISTICS OF A
0.03-SCALE MODEL OF THE TITAN III/MOL LAUNCH CONFIGURATION DURING THE
ABORT SEQUENCE AT MACH NUMBERS FROM 0.60 TO 3.00

4 DESCRIPTIVE NOTES (Type of report and Inclusive dates)

| Phase 11 - March 13 to April 24, 1967

8. AUTHORIS) (Flrst name, middle initial, {aat name)

M. L. Homan and D, A. MacLanahan, Jr., ARO, Inc,

8 REPORT DATE

August 1967

52 2
8a. CONTRACT OR GRANT NO 924. ORIGINATOR'S REPORYT NUMBER(S)
AF40(600)-1200

b. PROJECT NO.

7a. TOTAL NO OF PAGES 7b. NO. OF REFS

AEDC-TR-67-154

«. Program Elements 6340930F/623A 5. QTHER REPQRT NO(S) (Any other numbers fhat may be masignad
and 6340940F/632A b el .

d. 55 o ] ' N/A ' o

—rxel:
[
10. DISTRIBUTION STATEMENT

) SubJectrto special exportrcontrols; transmittal to
foreign governments or foreign nationals requires approval of SAMSO

(SMSDM-1) STINFO, AF Unit Post Office, Los Angeles, .California 90045

11 SUPPLEMENTARY NOTES

12. SPONSORING MILITARY ACTIVITY
Space and Missiles Systems Organiza-
tion, AFSC, Los Angeles AF Unit Post
Office, Los Angeles, California

Available in DDC,

13 ABSTRACT

A 0.03-scale model of the Titan III/Manned Orbiting Laboratory
(MOL) 1launch vehicle was ‘tested in Tunnels 16T and 165 of the Propulsion
Wind Tunnel Facility at Mach numbers from 0.6 to 3.0 to obtain aerody-
namic force and moment data on the airborne vehicle during the abort
sequence. Test results show that there was a reduction in magnitude of
the pitching-moment and normal-force coefficients at all angles of
attack as jet pressure ratio (p,/p,) was increased. Thrust termination
(jet off to jet on) resulted in an increase in the magnitude of both
the yawing-moment and side-force coefficients at all angles of attack,

This document is subject to special export
controls and each transmittal to foreign govern-
ments or foreign nationals may be made only with
approval of SAMSO (SMSDM-1) STINFO, AF Unit Post
Office, Los Angeles, California 90045.

DD &V..1473

Security Classification



Security Classification

14.
KEY WORDS

LINK A

LINK &

LINK &

ROLE wT

RAOLE wT ROLE wT

Tit I :
Manned Orbiting Laboratory

launch vehicles

wind tunnel tests

aerodynamic characteristics
transonic flow

supersonic flow

thrust termination
solid-propellant rocket motors
jet pressure ratio

stability characteristics
W’/
[
T

-

y

—

U
fr

ot

//W’rﬁ” »
uss

ﬂﬁ

Security Classification




