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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 Director 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 (Pc/Po,) 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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NOMENCLATURE 

Cm Pitching-moment coefficient,   positive nose up, 
pitching moment/q^SD 

CN Normal-force coefficient,  positive up, normal 
force/q^S 

Cn Yawing-moment coefficient,   positive nose right looking 
upstream,  yawing moment/q^SD 

Cy Side-force coefficient,  positive right looking upstream, 
side force/q^S 

D Core diameter (reference diameter),   0.30 ft 

Fj^f Normal force,  positive up,  lb 

Fy Side force,   positive right looking upstream,  lb 

Mm Pitching moment,  positive nose up, ft-lb 

Mn Yawing moment,  positive nose right looking upstream, 
ft-lb 

-M^ Free-stream Mach number 

pc Chamber pressure, psf 

p Free-stream static pressure, psf 

vn 
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q„ Free-stream dynamic pressure,  psf 

S Core cross-sectional area (reference area), 
0.0707 ft2 

a Model angle of attack,  positive nose up,  deg 

ß Model angle of sideslip,  positive nose left, looking 
upstream,  deg 
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SECTION I 
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 HI/MOL launch vehicle was tested in 
the Propulsion Wind Tunnel,  Transonic (16T) and Propulsion Wind Tunnel, 
Supersonic (16S) 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 3 5 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 II 
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 a 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 Simulation 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. 

Outputs 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 III 
TEST DESCRIPTION 

3.1   PROCEDURE 

For a given model roll angle forward of the auxiliary pitch mechanism, 
angles of attack (a) and angles of sideslip (ß) 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 (pc/p«,) constant and varying a and ß.    During the 
majority of testing,  Pc/p» was held at a nominal value for each test Mach 
number.    This nominal value corresponds to the Pc/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 to 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. 

M. deg 

0.2 

deg 

0.2 

psf 

6.0 

±cm ±CN ±cn 

1.398 

±Cy 

0. 8 1. 683 0.311 0.257 

1.2 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 (p^p,,,} 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 ratio on pitching-moment and normal- 
force coefficients throughout the angle-of-attack range are presented 
in Figs.  7 and ti,  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,  Pc/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 Cj\j versus a 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 a at high positive ß.    The 
effect of angle of attack on side-force coefficient throughout the angle-of- 
sideslip 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 (PQ/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 CN versus a 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. 
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