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FOREWORD 

The work reported in this document was Conducted by the Arnold 
Engineering Development Center under sponsorship of the National 
Aeronautics and Space Administration (NASA), Langley Research Cen¬ 
ter, Hampton, Virginia, for the Martin-Marietta Corporation, Denver 
Division, Denver, Colorado, under Program Element 92IE-5. 

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), Air Force Systems 
Command (AFSC), Arnold Air Force Station, Tennessee. The tests 
were conducted on July 10 and 11, 1972, under ARO Project No. VA026; 
the final data analysis was completed on August 16, 1972. The manu¬ 
script was submitted for publication on October 3, 1972. 

This technical report has been reviewed and is approved. 

JIMMY W. MULLINS 
Lt Colonel, USAF 
Chief Air Force Test Director, VKF 
Directorate of Test 

A. L. COAPMAN 
Colonel, USAF 
Director of Test 
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NOMENCLATURE 

M,,, Free-stream Mach number 

p Local surface pressure, psia 

Po Tunnel stilling chamber pressure, psia 

p¿ Pitot pressure oehind normal shock, psia 

P® Free-stream static pressure, psia 

q® Free-stream dynamic pressure, psia 

R Base cover radius, 6.003 in. 

Rbr Free-stream Reynolds number based on radius 

S Surface length from center of aeroshell to pressure tap 
(see Fig. 2a), in. 

S Surface length from center to edge of aeroshell (see Fig. 2a), 
in. 

T0 Tunnel stagnation temperature, °R 

a Model angle of attack, deg 

ß Nondimensional parameter (see Fig. 5), o/(120° - a ) 

cc Cone half angle, deg 

<t> Angie around perimeter of model, deg 

^ Model yaw angle, deg 

SUBSCRIPTS 

SP Stagnation point 
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SECTION I 
INTRODUCTION 
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The purpose of this investigation was to obtain surface pressure 
distributions on the Viking Lander Capsule (VLC) as a function of angle 
of attack. Items of particular interest were a verification of the vehicle 
base cover structural design using the measured pressure distribution, 
an assessment of the effects on the base cover pressure distribution of 
surface protuberances representing camera windows, control nozzles, 
etc., and comparisons of the aeroshell pressure distribution with meas¬ 
urements obtained in other facilities. 

The tests were conducted in the 50-in. Hypersonic Wind Tunnel (C) 
of the von Karman Gas Dymanics Facility (VKF). Data were obtained 
at a nominal Mach number of 10 and Reynolds numbers based on the 
aeroshell radius of 0.28 x 106 and 0. 79 x 106. Angle of attack was varied 
from -26 to 26 deg at each Reynolds number. Yaw angles of -5 and -10 
deg were tested at approximately the trim angle of attack (11.2 deg). 
Shadowgraphs were obtained at each angle of attack, and oil flow pic¬ 
tures were made at a few selected test conditions. 

SECTION II 
APPARATUS 

¿1 MODEL 

The 8.73-percent-scale VLC model, supplied by Martin-Marietta 
Corporation, Denver Division, was fabricated from 304 stainless steel. 
A photograph of the model installed in the test section is presented in 
Fig. 1 (Appendix I). Model dimensions and the locations of the 90 pres¬ 
sure taps are given in Fig. 2a, and the protuberances located on the 
base cover of the model are described in detail in Fig. 2b, along with 
a table giving S/R and <t> for each pressure tap location. 

2.2 WIND TUNNEL 

Tunnel C is a continuous, closed-circuit, variable density wind tun¬ 
nel with a 50-in. -diam test section and a contoured axisymmetric noz¬ 
zle that operates at a nominal Mach number of 10. The stilling chamber 

1 
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pressure conditions range from 200 to 2000 psia at temperatures up to 

a maximum of 1900°R. The model can be injected into the test section 
for testing and retracted for cooling or changes without interrupting t e 

tunnel flow. 

SECTION III 
TEST PROCEDURE 

3.1 TEST CONDITIONS AND PROCEDURES 

The test conditions were chosen to best simulate selected entry tra¬ 

jectories of the VLC into the Martian atmosphere. The high Reynolds 
number data represented the simulation of the estimated mean reentry 

trajectory, while the low Reynolds number data simulated a trajectory 
of minimum entry flight path angle. The two test conditions are listed 

below: 

M,,, Pp, psia T0, °R 

10. 07 

9.86 

1273.3 

420. 0 

1888 

1891 

psia 

0.0276 

Q.0106 

-loo* psia 

1.962 

0. 715 

Re R 10-6 

0. 79 

0. 28 

A complete summary of the test program is presented in Table I (Appen¬ 

dix II). 

Because the model sting was offset from the aeroshell axis of sym¬ 

metry it was expected that model deflections would cause angle-of-at- 

tack changes large enough to require consideration in the data analysis. 

Pretest estimates of these deflections were made, and the tunnel sector 

angle of pitch was changed accordingly in the test program The actual 

model angle of attack was determined by measuring the angie of the 
aeroshell surface relative to horizontal reference lines provided in the 
shadowgraph obtained for each test attitude. A typical shadowgraph il¬ 

lustrating this technique is presented in Fig. 3. The angles of attack 

listed in Table I are the measured values. 

The test procedure used was to inject the model at nominally zero 

angle of attack and adjust the sector pitch angle until the readings from 
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pressure tap pairs 2 &. 18 and 3 & 15, located at equal but opposite dis¬ 
tances from the center of the aeroshell, indicated the same pressure. 
This attitude was selected as zero angle of attack, and all other angles 
were referenced to it. Corresponding pressure taps in the yaw plane 
were monitored and indicated little or no yaw of the model. 

Tests for the negative angle-of-attack series required that the mod¬ 
el be rotated 180 deg with respect to the tunnel support system. The 
procedure of matching the pressures at opposite taps on the aeroshell 
was repeated, and small adjustments were made to define again the mod¬ 
el zero angle of attack. 

During the oil flow tests, difficulties were encountered in getting 
the oil to perform properly. The resulting oil flow photographs were 
not as good as expected, mainly because the aeroshell heated up rapidly, 
thereby inhibiting the oil flow. On the model base cover the surface 
shear was too low to cause even a very low viscosity oil to flow in a 
regular pattern. For these reasons none of the oil flow pictures are 
presented for discussion. 

A stress analysis revealed that the maximum temperature which 
the model could reach and stay within the required stress limitations 
was 1200°F. Therefore, two Chromel®-Alumel® thermocouples were 
installed in the interior of the model to monitor the bulk material tem¬ 
perature. 

Model flow-field shadowgraphs were obtained at all test conditions 
using a parallel-beam refocused shadowgraph system. 

3.2 INSTRUMENTATION AND PRECISION 

Tunnel C stilling chamber pressure is measured with 500- and 2500- 
psid transducers referenced to a near vacuum. Based on periodic com¬ 
parisons with secondary standards, the uncertainty (a bandwith which 
includes 95 percent of the residuals) of these transducers is estimated 
to be ±0.2 percent of the calibrated range. Stilling chamber temperature 
is measured by a Chromel-Alumel thermocouple with an uncertainty of 
±1.0 percent based on the thermocouple wire manufacturer's specifica¬ 
tions. These uncertainties, along with the calibrated uniformity of the 
tunnel test section flow which gives the uncertainty in Mach number as 
±0.3 percent, were used to estimate the following free-stream proper¬ 
ties by use of the Taylor series method of error propagation: 

3 
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_Uncertainties, percent_ 

ReR x 10"6 To P0 Pd P» g» ReR 

0.28 ±0.3 ±1.0 ±0.3 ±0.5 ±2.0 ±1.4 ±0.5 

0.79 ±0.3 ±1.0 ±0.4 ±0.6 ±2.0 ±1.5 ±0.5 

The uncertainties in the measured data were obtained by combining 
the precision of the surface pressure transducers and those calculated 
for the tunnel parameters in a similar application of the Taylor series 
method of error propagation. If the measured pressure was in the range 
1.0 < p < 15.0, it was measured on the 15-psid transducer with an un¬ 
certainty of ±0.015 psia. If the pressure was less than 1.? psia, it was 
measured on the 1-psid transducer. This transducer has live ranges 
which further divide the pressure measurements to give better accuracy. 
These ranges are listed below, along with the associated precision for 
each range. 

Range, psia 

From To 

Minimum 
Error ±Percent 
± psia Error 

0.3 1.0 

0.1 0.3 

0. 03 0.1 

0.01 C. 03 

0.003 0.01 

0.01 1.0 

0.003 1.0 

0.001 1.0 

0.0003 1.0 

0. 0002 2. 0 

Some typical measured pressures for these tests and associated 
uncertainties in p and p/p0' are shown below: 

ReR x 10"6 Nominal Pressure, 
_psia_ 

Uncertainties, percent 
P P/Pd 

0.79 3.60 

0.79 0.132 

0. 28 0. 00464 

±0. 4 ±0. 6 

±2.3 ±2. 3 

±4.3 ±4. 3 

4 
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Summary plots of the pressure distribution in the model vertical 
plane of symmetry obtained during these tests are presented in Figs. 
4a through g for all the angles of attack tested. No Reynolds number 
effect was observed for these data, so only data for Rcr = 0.79 x 10 
are presented. The distributions for the model at both the positive and 
the negative angles of attack are presented except those for a = 0 deg 
from the negative angle-of-attack series and o- = 26 deg from the posi¬ 
tive angle-of-attack series (reasons for omission of these data are given 

later). 

In most cases the distributions from the positive and negative angle- 
of-attack series compliment each other very well. The discrepancy 
(p/Pó -5, 1<0) of the pressures in the stagnation region of the distributions 
for a = 8 and 12 deg (Figs. 4c and d) was caused by a localized change 
in the flow Mach number; agreement of the distributions over the rest 
of the model surface confirms this. Hence, for these two cases the dis¬ 
tribution in the stagnation region indicated by the negative angle-of-at¬ 
tack data is preferable. 

One of the main reasons for testing the symmetrical model at both 
positive and negative angles of attack was to determine if the offset 
sting has any influence on the base cover distributions, particularly 
whenever the sting was exposed to the windward flow. The data shown 
in Figs. 4a through g for ¡S/R| £ 1. 1 correspond to orifice locations 
from the model shoulder to the center of the base cover in the pitch 
plane, so comparison of the distributions for these data at positive 
(sting windward) and negative (sting leeward) angles of attack is a meas¬ 
ure of this effect. The data shown are plotted at ten times the actual 
value, and it is evident that the sting position had little effect. 

The positive and negative angle-of-attack distributions on the lee¬ 
ward side of the aeroshell (positive S/R) agree very well except for the 
a » 20-deg case (Fig. 4f). This difference was caused by model bow 
shock-tunnel boundary-layer interaction which caused the pressures in 
this region to increase. The interaction at a * 26 deg was so severe 
that the data were omitted from the report (as stated earlier); however, 
the data for a * 20 deg were retained to show the beginning of this anomaly. 
The distributions in this region for o * - 20 and -26 deg should be taken 
as representative of these conditions. The model was located further 

. : 

\ 
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from the tunnel wall for the negative angles of attack than for the posi¬ 
tive angles; hence, the absence of interaction effects at.a =-20 and -26 
deg. The data on the windward side of the aeroshell for n *= 20 and 26 
deg appear uninfluenced and have been retained. The data for a * 0 of 
the negative angle-of-attack series were excluded because the shadow¬ 
graphs shov the model to be at an angle of attack of about -0. 5 deg, 
which precludes any comparison with the a = 0-deg data. 

Shown also in Fig. 4 are indicated stagnation points for each angle 
of attack selected an the point at which the pressure ratio is maximum. 
In some cases a single point could not be selected, so a region was in¬ 
dicated to show the limits on the stagnation point location. Reference 
1 presents an extensive treatment of lar^e angle conical bodies of the 
VLC configuration type for superson. id low hypersonic Mach num¬ 
bers and includes a correlation of the stagnation point location with angle 
of attack. This correlation compared with the selected points for these 
data is presented in Fig. 5. Good agreement is evident, indicating little 
or no free-stream Mach number effect in this regard since the correla¬ 
tion is based on data at Mach 2. 3 to 4. 63. 

An assessemnt of the influence of the protuberances on the base 
cover pressure distribution is presented in Figs. 6 and 7. Figure 6 
shows the pressure distribution at a * 0 along the 315-deg meridian as 
a reference compared with the values from the pressure orifices sur¬ 
rounding the protuberances. Similar comparisons are shown in Fig. 7 
at angle of attack for the camera bump and reaction control system 
(RCS) block (the bridle and antenna were omitted because at angle of at¬ 
tack only data at the same radial angles are comparable). It appears 
that in all cases the presence of the protuberances had little or no effect 
on the base cover pressure distribution. 

Finally, comparisons are presented in Fig. 8 wh'ch shov/ the ex¬ 
pected absence of Mach number effect between M0 = 8 and 10 on the VLC 
aeroshell pressure distribution. In addition, results from separate 
facilities (Mach 8 results from NASA/Langley provided by Martin- 
Marietta Corporation, Denver, Ref. 2) are in good agreement. 

6 
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1. 

Stj]p:™e teS^s were made on the NASA/Martin Viking Lander Cao- 

test scope the significant results were as folios: ‘S °f 

:~e distrib“tions obtained on the model front face 

for the ». f Se! S“ng windward compared with those 
or the sting leeward showed no effect of the sting pres¬ 

ence throughout the test angle-of-attack range. Similar 

cover haTfere ^ the dist-b^ions on the bTse 

Strumented)"3 3 " SUng l0Cati°n (°nly r^ion 

2. 

3. 

Stagnation point location as a function of angle of attack 
agreed weli with a correiatton developed for Mach rum- 
Vs - 5- indicating little Mach number effect on this 
phenomenon up to M = 10. 

Presence of the protuberances representing camera 
locations, antennae, etc., on the model base cover 

dfstr?bÚ™able effeCt °n the s™d-g pressure 

references 

. Campbell, James F. and Tudor, Dorothey H. "Pressure Distri 

a“ Oto TeTa\ A°”; and 180° C0neS at Mach Ambers from 

D-5204. May 1969."® ^ ^ °° t0 20°' " NASA ™ 
2. 

Faye-Peterson, R., Sarver. D. , and Carroll, H. "Heat Transfer 

the Viki^Ent^TÍ“'/0"' p M = 8 °n °- 029 Scale Models °f 
Mai etu cfrn n r. POrt TP-3720318. Martin- Marietta Corp., Denver Division, July 1972. 
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Fig. 3 Shadowgraph Showing Model Angie-of-Attack Determination, 
a = 20 deg, M. « 10.06. Ror ^ 0.79 x 10«
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3 =_2_ 
P 120" - ac 

Fig. 5 Comparison of Observed Stagnation Point Location on VLC Aeroshell 
with Theory for Test Angles of Attack, ac * 70 dag 
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O 315 No Protuberance 
□ 45 RCS Block and Camera Bump 

■O I o 0 c^o- 

RCS Block 
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£ Base Cover 

Camera Bump I 

1_J ± 
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Fig. 6 Effects of Protuberances on Pressure Distribution Over Model Base 

Cover at a = 0, ReR ~ 0.79 x 106 
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TABLE I 
TEST SUMMARY 

a, deg ¢, deg 

0. 3 
-0. 5 
-0.63 

4. 2 
-4. 5 

8. 4 
-8. 7 
11. 3 

-12. 3 
16. 3 

-17. 1 
20. 0 

-21. 1 
26. 1 

-27. 1 
-27.4 

-0. 1 
-0. 8 

4. 0 
-5. 3 

8. 1 
-9. 3 
11. 4 

-12. 4 
16. 3 

-17. 3 
20. 3 

-21. 1 
22. 4 

-23. 1 
-25. 0 

26. 4 
-27. 1 
-27. 3 
-21. 3 

11.4 
11. 3 

1 
(Model sting diameter in¬ 
creased by 1. 0 in. ) 

-10. 0 
-5. 0 
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