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FOREWORD 

The work reported herein was done at the request of the Space and 
Missile Systems Organization (SAMSO),  Air Force Systems Command 
(AFSC),  for the McDonnell-Douglas Corporation,  Huntington Beach, 
California,  under Program Element 6340940F/632A. 

The results of the test presented were obtained by ARO,   Inc.   (a 
subsidiary of Sverdrup & Parcel and Associates,  Inc. ) contract opera- 
tor of the Arnold Engineering Development Center (AEDC),  AFSC, 
Arnold Air Force Station,  Tennessee,  under Contract F40600-69-C- 
0001.    This test was conducted from July 2 to 9,   1968, under ARO 
Project No.  PB0895,  and the manuscript was submitted for publication 
on August 20,   1968. 

This technical report has been reviewed and is approved. 

Richard W.  Bradley Roy R. Croy,  Jr. 
Lt Colonel,  USAF Colonel, USAF 
AF Representative,  PWT Director of Test 
Directorate of Test 
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ABSTRACT 

A wind tunnel investigation was conducted in the Propulsion Wind 
Tunnel, Transonic (16T) to obtain steady and fluctuating pressures to 
assess the aerodynamic effects on the local and downstream flow fields 
caused by large protuberances on the Manned Orbital Laboratory (MOL) 
vehicle.    Pressure data were recorded at Mach numbers 0. 80,  0. 90, 
1.10,   1.20,   1.40,  and 1. 55 for angles of attack of-7. 5,   0,  and 4 deg 
and angles of sideslip of -6 and 6 deg.    Test results revealed that the 
left- and right-side auxiliary-equipment fairings and their afterbodies 
do not impose a significant interference effect on each other,  where- 
as the horizon-sensor-fairing and auxiliary-equipment-fairing flow 
interaction attributes up to 50 percent of the pressure fluctuations at 
selected microphone locations.   Of the four base configurations on the 
auxiliary-equipment fairings,  the 10-deg conical afterbody exhibited 
the lowest overall dynamic-pressure level at all test conditions. 
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SECTION I 

INTRODUCTION 

Pressure fluctuations on the Manned Orbital Laboratory (MOL) 
vehicle caused by the turbulent boundary layer and separated flows 
around flow-perturbing geometries are required to evaluate the struc- 
tural integrity of the vehicle.    These fluctuating pressures contribute 
to the fatigue of the structure and possible failure of equipment sus- 
ceptible to vibration or acoustic pressures.    In order to determine the 
effects of some aerodynamic factors and certain geometries on fluctu- 
ating pressures,  rigid-model wind tunnel tests are used to define in- 
flight fluctuating pressures at the walls of the vehicle. 

Specific controlled experiments in the Propulsion Wind Tunnel, 
Transonic (16T),  were run to define the aerodynamic effects of flow- 
perturbing geometries on the local and downstream flow fields. 

Both steadyy and unsteady-pressure measurements were obtained 
for four model configurations.    Results are presented in terms of 
dynamic-pressure ratio defined as the root-mean-square (rms) pres- 
sure fluctuation normalized by model local static pressure. 

SECTION II 
APPARATUS 

2.1 TEST FACILITY 

Tunnel 16T is a continuous flow,  closed-circuit wind tunnel capable 
of operating at Mach numbers from 0. 55 to 1. 60.    Stagnation pressure 
ranges from approximately 160 to 4000 psfa with a maximum stagnation 
temperature of 120°F.    The removable test section is 16 ft square and 
40 ft long with 6-percent-open perforated test section walls which allow 
continuous operation throughout the Mach number range.    A sketch of the 
test section wall details and the location of the test model in the test 
section is shown in Fig.   1, Appendix I.    A more thorough description of 
the tunnel may be found in Ref.   1,  and applicable calibration results are 
presented in Refs.  2 and 3. 

2.2 TEST ARTICLE 

The MOL rigid body fluctuating pressure model is a 10-percent-scale 
model of the MOL vehicle. The model consists of the Gemini "B" capsule, 
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the laboratory module,  and a portion of the mission module.    A sketch 
of the basic model is shown in Fig.  2.    A photograph showing the model 
installed in Tunnel 16T is shown in Fig.  3. 

Protuberances mounted on the model during the wind tunnel in- 
vestigation were a fin,  thruster modules,  a mission-module fairing,  a 
left-side auxiliary-equipment fairing,  a right-side auxiliary-equipment 
fairing,  and a horizon-sensor fairing.    The schematics of all protuber- 
ances and their orientation with the basic model are shown in Fig.  4. 
The left-side auxiliary-equipment fairing (Fig.  4d) was equipped with 
either a conical or wedge afterbody,  whereas the right-side auxiliary- 
equipment fairing (Fig.   4e) incorporated either a blunt or conical after- 
body. 

Configuration 1 was comprised of all the protuberances with the 
10-deg cone and blunt afterbody installed on the left- and right-side 
auxiliary-equipment fairings,   respectively.    Configuration 2 was 
identical to Configuration 1 with the exception of an 8-deg wedge and a 
20-deg cone installed on the left- and right-side auxiliary-equipment 
fairings,  respectively.    Configuration 3 evolved from Configuration 2 
by removing the right-side auxiliary-equipment fairing.    Likewise, 
Configuration 4 was Configuration 2 with the horizon-sensor fairing re- 
moved.    Table I, Appendix II,  gives a detailed listing of the protuber- 
ances that comprise each configuration.    Installation photographs of 
Configurations 1,   2,   3,   and 4 are shown in Fig.  5. 

A sketch of the boundary-layer rakes (typical) that were used on 
all configurations is shown in Fig.   6.    Rake (A) was located directly 
behind the Pj fin and thruster module combination at model station 
37. 2.    Rake (B) was located at the same model station but displaced 
-45 deg along the model circumference.    Both rakes are shown installed 
on the model in Fig.  3. 

2.3  INSTRUMENTATION 

The model steady-state instrumentation consists of 84 static- 
pressure taps and 22 total-pressure probes.    The total-pressure probes 
were from two boundary-layer rakes of 11 tubes each.    A total of one 
hundred and six 15-psid transducers were used to measure the steady- 
state pressure levels.    The locations of all static- and dynamic- 
pressure taps and ports in respect to the model are shown in Fig.   7. 

Forty-two flush-mounted microphones were used to measure un- 
steady pressures on the model surface.    The output signals from these 
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microphones were conditioned by miniature preamplifiers mounted 
within the model in proximity to the microphones.    The output 
signals were recorded on magnetic tape.    Two accelerometers were 
also located inside the model to give an indication of the vibration 
level.    The signals from the accelerometers were also recorded on 
magnetic tape.    Microphone locations are also shown in Fig.  7. 

A schlieren system was used to obtain still pictures of the flow 
about the model. 

SECTION III 
PROCEDURE 

3.1 GENERAL 

All configurations were tested at Mach numbers from 0. 80 through 
1. 55 at total pressures from 1800 to 2350 psf.    The variation of tunnel 
unit Reynolds number with Mach number for the test is given in Fig.   8. 
Configurations 1 and 2 were tested at angles of attack from -7.5 to 
4 deg at 0-deg roll angle;  6 and -6 deg at 90-deg roll angle;  and 0 deg 
at 64- and 116-deg roll angle.    Configuration 3 remained at 0-deg angle 
of attack and 116-deg roll angle throughout the entire Mach number 
range.    The angle of attack remained at 0 deg with roll angle at 64 and 
116 deg for Configuration 4. 

Steady-pressure data along with schlieren photographs were ob- 
tained for all test conditions.    Fluctuating-pressure data were obtained 
at all test conditions except at 64- and 116-deg roll angle for Configura- 
tions 1 and 2. 

3.2  PRECISION OF MEASUREMENTS 

The uncertainties in setting and maintaining tunnel conditions are 
estimated to be as follows: 

Free-stream Mach number ±0.005 

Free-stream total pressure ±5 psf 

Total temperature ±5°F 

Angle of attack ±0. 1 deg 

Roll angle ±0. 1 deg 
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SECTION IV 
RESULTS AND DISCUSSION 

4.1 GENERAL 

Determining the steady- and fluctuating-pressure levels around 
flow-perturbing geometries required considerable static- and dynamic- 
pressure instrumentation near and aft of the protuberances of interest. 
Of prime interest was the influence on the fluctuating-pressure levels 
resulting from various afterbody geometries on the two (left- and right- 
side) auxiliary-equipment fairings. 

For presentation purposes,  the rows of microphones were num- 
bered 1,   2,   3,  and 4 as noted in Fig.   7.    Figure 9 shows the variation 
of the ratio of the fluctuating pressure level (rms) of each microphone 
to the local static-pressure level along each row as functions of free- 
stream Mach number and model station.    Figure 10 shows correspond- 
ing static-pressure levels for each row of microphones for Configura- 
tions 1 and 2. 

The data from microphones designated A31, A32,  A 2 4,  and A25 
in rows 1,   2,   3,  and 4,   respectively,   were selected for further com- 
parison.    Local dynamic-pressure ratios for microphones A31,  A32, 
A24,  and A25 were determined by ratioing the root-mean-square value 
of the dynamic pressure at A31 and A32toP80 and P81,   respectively, 
and A24 and A25 to P54.    The values of local static pressure used for 
each test condition are shown in Tables II and III for the model at 
<j> = 0 and 90 deg,  respectively. 

4.2 INTERFERENCE EFFECTS, am = 0 

Before making a valid comparison of the afterbodies in Configura- 
tions 1 and 2,  it was deemed necessary to examine the mutual inter- 
ference of the afterbodies as well as the interference on the afterbodies 
from other protuberances. 

The variation of local dynamic-pressure ratios as functions of free- 
stream Mach number for Configurations 1,   2,   3,  and 4 for microphones 
A31,  A32, A24,  and A25 is shown in Fig.   11.    All data shown were re- 
corded at ffm = 0 deg;  however,  the roll angles were 0=0 deg for Con- 
figurations 1 and 2,   116 deg for Configuration 3,  and 64 deg for Con- 
figuration 4.    Configuration 3 is the same as Configuration 2,   except that 
the entire right-side auxiliary-equipment fairing and its 20-deg conical 
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afterbody have been removed (Fig. 5d).    The local fluctuating pressure- 
ratio levels at microphones A31 and A32 at all Mach numbers for Con- 
figuration 3 are approximately the same as for Configuration 2. 
Apparently the effect of the right-side auxiliary-equipment fairing and 
its afterbodies on microphones A31 and A32 is not significant. 

Configuration 4,  which is the same as Configuration 2 with the 
horizon-sensor fairing removed (Fig.  5e),  exhibited lower fluctuating- 
pressure-ratio levels at microphone A31 than were experienced with 
Configuration 2 for Mach numbers above 1. 2.    This indicates that at 
M,,, = 1. 55 at the A31 location, approximately 0. 0179 or 50 percent of 
the local fluctuating pressure could be attributable to the influence of 
the horizon-sensor fairing,  located approximately 64 deg around,  and 
12 in.  (model scale) forward of A31.    This effect of the horizon-sensor 
fairing on A31 should be considered when evaluating the level of local 
dynamic-pressure ratio at M^ = 1.55 for Configurations 1 and 2.   No 
data were available for A32 for Configuration 4. 

When the right-side auxiliary-equipment fairing was removed (Con- 
figuration 3) the local dynamic-pressure ratio of A24 decreased 
significantly from the levels experienced during Configuration 2 testing 
in the supersonic speed range.    However,  when the auxiliary-equipment 
fairing was replaced and the horizon-sensor fairing was removed 
(Configuration 4),  the'level of the local dynamic-pressure ratio increased 
only slightly over that obtained for Configuration 3.    The only difference 
in model geometry from Configuration 2 to Configuration 4 was the re- 
moval of the horizon sensor.    It appears that a large part of the local 
dynamic-pressure fluctuations experienced at microphone A24 with either 
afterbody installed was caused,   in part,  by the interaction of the flow 
fields from the right-side auxiliary-equipment fairing and from the 
horizon-sensor fairing. 

The most severe local pressure fluctuations occurred at the loca- 
tion of microphone A25.    Note that at the location of A25,  removing the 
horizon-sensor fairing (Configuration 4) had the effect of increasing the 
local dynamic-pressure ratio level compared to the pressure-ratio levels 
experienced during the Configuration 2 testing,  which is a reversal of the 
effect of removing this protuberance on A31 and A24. 

4.3   EVALUATION OF FAIRING AFTERBODY CONFIGURATIONS 1 AND 2 

Configurations 1 and 2 were tested at angle-of-attack settings of 
■7.5,   0,  and 4 deg over the Mach number range from 0. 80 to 1. 55 at 
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0=0 deg.    Local dynamic-pressure ratios as a function of Mach num- 
ber,  configuration,  and angle of attack are shown in Fig.   12. 

Replacing the  10-deg cone (Configuration 1) with the 8-deg wedge 
afterbody (Configuration 2) on the left-side auxiliary-equipment fairing 
had almost negligible effect on the local dynamic-pressure ratio at 
microphones A31 and A32.    Dynamic-pressure levels were slightly 
higher for Configuration 2 than for Configuration 1 at the higher Mach 
numbers. 

The dynamic pressures from microphones A24 and A25 indicate 
that replacing the blunt afterbody (Configuration 1) with the 20-deg 
cone (Configuration 2), on the right-side auxiliary-equipment fairing, 
generally had the effect of decreasing the dynamic-pressure levels for 
the corresponding pitch angles up to Mach number 1. 4; however,  this 
relationship was reversed for some pitch angles at Mach numbers 1. 10, 
1. 20,  and 1. 55.    It is not obvious why the pressure ratio at microphone 
A25 decreases abruptly at M,,, = 1. 55 for Configuration 1, but the re- 
sults indicate that the level of dynamic-pressure fluctuations is not 
greatly affected by the afterbody geometry at M^ = 1. 55.    The 10-deg 
conical afterbody exhibited the lowest overall dynamic-pressure level 
of the four afterbodies at all test conditions. 

Sideslipping the model ±6 deg appears to have a negligible effect 
on the local dynamic-pressure ratios for microphones A31 and A32 
for each configuration over the Mach number range tested (Fig.  13). 
Microphones A31 and A32 exhibited slightly higher levels of dynamic 
pressure for Configuration 2 than for Configuration 1 at Mach numbers 
greater than 1. 2. 

Neither Configuration 1 or 2 caused the dynamic-pressure level to 
be consistently higher than the other at microphone A24.    The most 
significant difference in pressure ratio occurred at Mm = 1. 55 when 
Configuration 2 showed higher fluctuation for both sideslip angles than 
did Configuration 1. 

The microphone A25 data indicate that a significant decrease in 
dynamic-pressure ratio resulted when the blunt base was replaced with 
the conical afterbody for Mach numbers up to 1. 4.    The data trend at 
M. = 1. 55 leads to the same conclusion reached previously that the blunt 
afterbody has about the same effect as the conical afterbody on the dy- 
namic pressure at microphone A25.    It would appear from the trend of 
these data (as well as from Figs.   11 and 12) that at MB > 1. 55,  the blunt 
afterbody may impose lower dynamic-pressure loads at A25 than those 
imposed by the 20-deg conical afterbody. 
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SECTION V 
CONCLUSIONS 

With the data obtained from selected microphones of the MOL 
fluctuating-pressure model, the following conclusions can be made: 

1. The left-side and right-side auxiliary-equipment fairings and 
their afterbodies do not impose a significant interference 
effect on each other. 

2. The horizon-sensor-fairing and auxiliary-equipment-fairing 
flow interaction accounts for up to 50 percent of the pres- 
sure fluctuations of microphones A24 and A32 at the higher 
Mach numbers. 

3. The 10-deg conical afterbody exhibited the lowest overall 
dynamic-pressure level of the four afterbodies,  at all test 
conditions. 
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Protuberances 

P1  fin 

TABLE I 
MODEL CONFIGURATIONS 

Config.l Config.2 Config.3 Config.4 

Four thruster modules 

Mission-module fairing 

Left-side auxiliary-equip- 
ment fairing with 10-deg 
conical afterbody 

Left-side auxiliary-equip- 
ment fairing with 8-deg 
wedge afterbody 

Right-side auxiliary- 
equipment fairing with 
blunt afterbody 

Right-side auxiliary-equip- 
ment fairing with 20-deg 
conical afterbody 

Horizon-sensor fairing 

x 

X 

X 

X 

X 

X 

X 

X 

X 

■SG 



AEDC-TR.68-203 

TABLE II 
REFERENCE PRESSURES FOR MICROPHONES A31, A32, A24, A25 PRESSURE 

RATIOS AT MODEL ROLL ANGLE, 0 DEG 

a, p80, psf p8l, psf p54, psf 

Config.  Point No. M deg (Microphone (Microphone (Microphones 
00 A31) A32) A24 and A25) 

: 2/1 0.80 -7.5 1479 1481 1478 
2/2 0 1510 1510 1559 
2/3 4.0 1510 1514 1516 
3/5 0.90 4.0 1409 1414 1447 
3/6 0 1417 1416 1476 
3/7 -7.5 1379 1383 1371 
4/1 1.10 -7.5 1076 1085 1013 
4/2 0 1125 1126 1062 
4/3 4.0 1112 1115 1009 
5/5 1.20 4.0 978 985 896 
5/6 0 990 993 902 
5/7 -7.5 922 935 861 
8/1 1.40 -7.5 584 607 527 
8/2 0 668 670 640 
8/3 4.0 664 679 641 
12/1 1.55 -7.5 418 423 378 
12/2 0 497 502 492 

■ '                    12/3 4.0 465 478 476 
i 15/1 0.80 -7.5 1507 1518 1532 

15/3 0 1534 1548 1573 
15/4 4.0 1529 1550 1572 
16/5 0.90 4.0 1442 1469 1504 
16/6 0 1443 1460 1489 
16/7 -7.5 1392 1408 1428 
17/1 1.10 -7.5 1111 1129 1090 
17/2 0 1153 1174 1145 
17/3 4.0 1152 1189 1167 
18/5 1.20 4.0 1000 1049 1056 
18/6 0 1036 1063 1045 
18/7 -7.5 947 961 928 
19/1 1.40 -7.5 679 663 612 
19/2 0 712 734 736 
19/3 4.0 673 725 743 
20/4 1.55 4.0 473 548 553 
20/5 0 518 552 550 
20/6 -7.5 446 507 461 
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ji 

TABLE III 
REFERENCES PRESSURES FOR MICROPHONES A3I, A32, A24, AND A25 

PRESSURE RATIOS AT MODEL ROLL ANGLE, 90 DEG 

a, p80,psf p81, psf p54. psf 

Coniig. Point No. Moo 
deg (Microphone (Microphone (Microphones 

A31) A32) A24 and A25) 

1 2/5 0.80 6 1507 1513 1579 
2/6 -6 1519 1521 1519 
3/2 Ö.90 -6 1417 1416 1413 

. - 3/3 6 1395 - 1399 1495 
4/5 1.10 6 1113 1118 1133 
4/6 -6 1118 1119 1016 
5/2 1.20 -6 983 986 .i" 823  - • 
5/3 6 968 972 1003 

■ 8/5 1.40 6 •  - 634 638 662 
8/6 -6 670 667 558 

12/5 1.55 6 455 458 474 
' 12/6 -6 ..  .488 ■- 485 > 411 
2 15/6 6.80 6 1521 1542 .1585 

15/7 -6 1558 1564 1571 
16/2 0.90 -6 1470 1483 1478 
16/3 6 1422 1446 1510 
17/5 1.10 6 1146 1177 1186 
17/6 -6 1189 1196 1090 
18/2 1.20 -6 1049 1057 969 
18/3 6 1003 1038 1058 
19/5 1.40 6 ■ 664 701 749 
19/6 -6 730 726 697 
20/2 1.55 -6 545 542 515 1 ' 20/3 6 491 526 575 
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