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EXPERIMENTAL INVESTIGATION AT MACH 8 OF THE EFFECTS
OF PROJECTIONS AND CAVITIES ON HEAT TRANSFER
TO A MODEL OF THE VIKING AEROSHELL

By Theodore R. Creel, Jr.
Langley Research Center

SUMMARY

An experimental investigation into the aerodynamic heating on a Mars entry vehicle
shape with several types of local surface distortion is presented. The configurations
tested were 0.033-scale models of a spherically blunted 70° half-angle cone with two pro-
tuberances of different length, representing the tube leading to the gas chromograph mass
spectrometer, and two aeroshell-bioshield attachment points of different size. These
models were tested at free-stream Reynolds numbers per meter of 3.7 X 106 and
17 x 106 over an angle-of-attack range from 0° to 18° in the Langley Mach 8 variable-
density hypersonic tunnel. The phase-change-coating technique was used to measure
heat-transfer coefficient.

The long protuberance caused more severe interference heating than the short pro-
tuberance for the same conditions. When the short projection was located close to the
edge of the aeroshell, the interference heating was greater than that on the same projec-
tion when located near the vertex. A significant increase in heat-transfer coefficient was
measured only on the larger aeroshell-bioshield attachment point.

INTRODUCTION

An unmanned Mars lander mission will be accomplished in 1976 to investigate sev-
eral important aspects of the atmospheric and surface conditions of Mars, with the most
important goal being the determination of life (in any form) on that planet. (See ref. 1.)
As stated in the reference, this investigation will be performed under the most trying con-
ditions even after the planet has been reached by the spacecraft. Thus, before the space-
craft has left the Earth's surface, every imaginable effort will have been made to insure
the complete success of this mission. For example, the shape of the spacecraft was
chosen only after the structural integrity and payload capability of various configurations
had been studied (ref. 2), Also, many experimental and theoretical studies of the aero-
dynamic characteristics of different configurations were completed. (See refs. 3, 4, 5,
and 6.)



Aerodynamic heat-transfer characteristics of the final configuration, a spherically
blunted 70° half-angle cone, were reported in reference 7, but this study neither con-
sidered the aerodynamic heating on a projection (tube leading to the gas chromograph
mass spectrometer) nor investigated the aerodynamic heating of the aeroshell-bioshield
attachment points which are three cavities located 1200 apart on the aeroshell. The pur-
pose of this report is to present the results of an investigation into the aerodynamic
heating of five (0.033 scale) configurations of the Mars entry vehicle (as of June 8, 1971),
These models were tested over an angle-of-attack range from 0° to 18° at free-stream
Reynolds numbers per meter of 3.7 X 10 and 17 x 108 in the Langley Mach 8 variable-
density hypersonic tunnel.

SYMBOLS

c specific heat of model material, J/kg-K

H local heat-transfer coefficient, W/m2-K

Hg reference stagnation-point heat-transfer coefficient, W/ m2—K; HS in
computer plots

k thermal conductivity of model material, W/m-K

L length of projection, cm (see fig. 1)

R free-stream Reynolds number per meter (based on maximum model diameter);
R/M in computer plots

Iy maximum model radius, cm

s surface distance measured on model from nose vortex, cm

t time, sec; T in computer plots

a angle of attack, deg

p density of model material, kg/m3

o) radial angle, deg




APPARATUS AND TESTS

Facility

The facility used in this test program was the Langley Mach 8 variable-density
hypersonic tunnel described in reference 8. To obtain in air a Reynolds number range
from 3.7 x 108 to 17 x 106, the stagnation pressure was varied from 1.38 to 7.93 MN/m?2
with stagnation temperature ranging from 672 K to 783 K. The tunnel has a contoured
axisymmetric nozzle with a test-section diameter of 45.7 cm and a model injection mech-
anism located directly beneath the test section.

Models

The models were made of a high-temperature plastic so that during the heat-
transfer phase of the tests heat-transfer rates could be obtained by using fusible temper-
ature indicators (ref. 9). Model 1 (fig. 1) is the basic shape of the Mars entry aeroshell
configuration with a 0.033-scale spherically blunted 70° half-angle cone; the afterbody is
not to scale. Models 2 to 5 consist of the basic shape, projections representing the mass
spectrograph probe, and cavities representing the aeroshell-bioshield attachment points,
Model 2 has a long protuberance (0.818 cm long, 0.1626 ¢m in diam.) to simulate the mass
spectrograph probe and the aeroshell-bioshield attachment points A shown in figure 2,
Model 3 differs from model 2 in that it has a short projection (0.0864 cm long, 0.1626 cm
in diam.) to represent the mass spectrograph probe and the aeroshell-bioshield attach-
ment points A shown in figure 2. Model 4 is simply model 3 rotated and positioned at an
angle of attack so that one aeroshell-bioshield attachment point is located on the most
windward ray. Model 5 is shown in figure 3 and differs from the previous models by
having the projection (0.0864 cm long, 0.1626 cm in diam.) representing the mass spec-
trograph probe located near the edge of the cone and having the aeroshell-bioshield
attachment points B shown in figure 2,

Test Technique

The fusible-temperature-indicator technique described in reference 9 was used to
determine heat-transfer coefficients. Briefly, a thin layer of contrasting color pigment
of known melting temperature is sprayed on the model outside the wind tunnel. When the
tunnel flow has been established, the model is injected into the flow and two motion-
picture cameras photograph the model at known time intervals, The assumption of one-
dimensional heat flow inside the model permits the calculation of an aerodynamic heat-
transfer rate (ref. 9) by relating the time to reach the melting temperature and the model
thermal properties. For the present tests, the adiabatic wall temperature was calculated
by assuming a laminar recovery factor of 1.0 and a Newtonian pressure distribution,



(For these very low Mach numbers on the face of the model, the ratio of adiabatic wall
temperature to free-stream total temperature was always above 0.99; thus, the effect of
recovery factor is essentially negligible.) The computed heat-transfer coefficients were
then normalized by the value calculated (by using ref. 10) for the stagnation point on a
sphere having a radius of 2.921 cm (equal to the aeroshell nose radius).

To simplify locating the isothermal lines on the models, each set of figures in
which phase-change patterns are shown contains a grid model. For the present tests
two different grid models were used. Grid model 1 was divided into 14 equal angles even
though these angles may not be seen in the figures. The values of the ratio of the surface
distance s of each concentric circle to the base radius r}, of grid model 1 are pre-
sented in table I. Grid model 2 was divided into 12 equal angles, and the surface locations
of the concentric circles are shown in table II. The most windward ray is at ¢ = 0°,

The model thermal properties (\/pck) were obtained by testing samples of the same
material used in the model construction. Each value of p, c, and k used was an aver-
age of three individual tests., The \/pck values used are as follows:

Model pck
1 0.08166
2 .07804
3,4 07672
5 079

The \/ock value for model 5 is the average of the \/pck values for models 1, 2, and 3.
RESULTS AND DISCUSSION

Tests were made in the Langley Mach 8 variable-density hypersonic tunnel to obtain
the heat-transfer coefficients on five different configurations of a Mars entry vehicle.
The tests were conducted at angles of attack from 0° to 18° over a Reynolds number range
from 3.7 x 108 to 17 x 106, The results of these tests are presented in figures 4 to 16,
These figures include a graphic representation of the grid model used to locate isotherms
on the models. Also included in each figure beneath the appropriate model is the Reynolds
number per meter, the isotherm number, the calculated reference stagnation-point heat-
transfer coefficient, and the ratio of the measured heat-transfer coefficient for each con-
tour to the theoretical stagnation-point heat-transfer coefficient, Some duplication of
tests is shown in these figures, which was thought to be needed in order to better define
the heating at certain locations on the body. Also, during each test two cameras (one 90°
to the other) photographed the model; thus, two views are shown for some of the tests.
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The heat-transfer coefficients are plotted as a function of s/rb in figures 17
to 19. The heat-transfer data for the windward ray of the aeroshell at angles of attack
of 39, 90, and 18° are compared for models 1, 2, and 3 in figure 17 at a Reynolds number
per meter of 3.7 X 109 and in figure 18 for a Reynolds number per meter of 17 X 106, As
angle of attack is increased from 3° to 180, the heat transfer to the basic model (fig. 17(a))
shows an increase of approximately 20 percent. The curves drawn in figures 17(a), 18(a),
and 19 are only to indicate trends and should not be considered an accurate estimate of
local values between points. Figure 17(b) presents the heat-transfer data of model 2,
which has the long projection, at a = 3% and 9° and Reynolds number per meter of
3.7 x 108 and compares these data with those of model 1 (fig. 17(a)). An increase in heat
transfer of about 20 percent is evident near the projection for an angle of attack of 9°,
The heat-transfer coefficients of model 3, which has the short projection, show a
30-percent increase when compared with those of model 1, but this increase occurs only
at an angle of attack of 18°. (See fig. 17(c).)

Figure 18 presents the windward-ray heating on models 1, 2, and 3 at a Reynolds
number per meter of 17 X 108 for angles of attack of 3°, 99, and 18°. At this Reynolds
number, the heat-transfer coefficients of model 1 increased approximately 30 percent as
the angle of attack increased from 3° to 18° (fig. 18(a)). Model 2 (fig. 18(b)) experienced
an increase of approximately 40 percent over the basic model for the same Reynolds
number and angle-of-attack range. Apparently the thin boundary layer associated with
the higher Reynolds number makes interference from the long projection more pronounced.

The aerodynamic heating on the windward ray of model 5 is presented in figure 19
for an angle-of-attack range from 0° to 18° at Reynolds numbers of 3.7 X 10 and
17 x 106, The principal effect of increasing the Reynolds number from 3.7 X 106 to
17 x 108 (figs. 19(a) and 19(b), respectively) is to increase the measured heat-transfer-
coefficient ratios H/HS in the projection area to values as high as 2.2 to 2,5, In gen-
eral, the effect of the projections is to increase local heating downstream of the projection
as well as in the immediate vicinity.

The aeroshell-bioshield attachment points B were machined on model 5 with the
intent of determining the difference in heating on attachment points A and B. Since heat-
transfer coefficients were not obtained (for the same conditions) on attachment point B of
figure 2, a numerical ratio of the heat-transfer coefficients on the two different aeroshell-
bioshield attachment points cannot be given (A being larger than B), However, the results
indicate that attachment point A will have more interference heating than attachment
point B.

The schlieren photographs of figure 20 are typical of those of this investigation and
do not show any local perturbations of the shock wave,



CONCLUSIONS

An experimental investigation to determine the effects of projections and cavities on
the heating on five models of the Mars entry configuration was conducted in the Langley
Mach 8 variable-density hypersonic tunnel at free-stream Reynolds numbers per meter
of 3.7 X 108 to 17 x 108 over an angle-of-attack range from 0° to 18°, The conclusions
drawn from this investigation are as follows:

1, For projections near the vertex of the nose, the long projection apparently caused
larger heat-transfer coefficients in its immediate area than did the short projection.

2. The projection located near the edge of the aeroshell produced higher heating
rates than the same size projection near the vertex (approximately 2.5 times the calcu-
lated stagnation-point-heat-transfer coefficient).

3. The larger aeroshell-bioshield attachment points produced significant heat-
transfer increases above those of the basic model, but the heating around the smaller
attachment points was approximately equal to the heating on the basic model.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., February 5, 1974,
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TABLE I.- COORDINATES OF GRID MODEL 1

Coordinate location s/rb
Grid 1 0.110
Grid 2 .204
Grid 3 .313
Grid 4 421
Grid 5 .508
Grid 6 617
Grid 7 126
Grid 8 .813
Grid 9 .900
Grid 10 987
Aeroshell edge 1.048
Projection .076
Sphere-cone junction 175
Aeroshell-bioshield attachment point 456




TABLE II.- COORDINATES OF GRID MODEL 2

Coordinate location s/ ry
Grid 1 0.104
Grid 2 222
Grid 3 330
Grid 4 446
Grid 5 554
Grid 6 872
Grid 7 187
Grid 8 .898
Grid 9 1.017
Aeroshell edge 1.048
Projection .895
Sphere-cone junction 175
Aeroshell-bioshield attachment point .456
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Grid model 3

ost windward
side

3

R/M= w.UuYsbet do K/M= L.61o57E+407
HY= Z.23415k+ye FS= 4.92540tE+02
CUNTUUK dyakL H/HS CONTOUR Ty >EL H/ HS
i 400  BL.dILLUE-UL 1 3.40 G.515%6F-01
4 T1.70 T.3¢363E-01 Z 490  7.987217:e-01
3 YU be3T995E-01 3 b.70 6.08732E-01
MUbLL 1 FOUEL &

(a) Models 1 and 4.

Figure 4.- Heat-transfer data for four models of Mars entry vehicle
at o =3% Top view.
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R/M= 4.09700E+06

HS= 2,23380E+02

CONTOUR T,SEC H/HS
1 4,10 9.02702€-01
2 5.60 7.75851E-01
3 8.60 6.33143E-01

MODEL 3

R/M= 1.62500E+07

HS= 4.92369E+02

CONTOUR T,SEC H/ kRS
2.20 1.22067€E+00
3.80 S.28790E-04
5.30 B.00694E-01
6.60 T7.21251E-01
8.80 6.3T908E-01

W wN -

MODEL 2

R/M= 1.60231E+07
S= 4,9057°E+02

CONTOUR Ty5EC H/HS

1 4.00 8.92048E-01

2 5«10 7.96058E-01

3 8420 5.35919E-01
MODEL 2

R/M= 3,96834E+06

HS= 2,23758E¢02

CONTJUR T,SEC H/HS .
1 3.10 1.01772E+00

2 5.10 7.93455€-01
3 7.10 6.859436-01
MODEL 2

(b) Models 2 and 3.

Figure 4.- Continued.




Grid model 1

R/M= 3,82488E+06

HS= 24216856402

“CONTOUR T, SEC H/HS
1 4.20 §.39484E-01
2 7.00 6.53084€-01
3 9.30 5.76612E-01

MODEL ¢

R/Ms 1.,72845E+07
HS= 4.95994E+402

CONTOUR T,SEC H/HS ~
1 7.10  7.54844E-01
2 11.70 5.99174E-01
MODEL 1

ost windward

side

R/M= 3.73662E+06
hS= 2.24669E402

CCNTOUR Ty SEC H/HS
1 4.90 7.78063E-01
2 7.00 6.55081E-01
3 10.50 5.42862E-01
MOLEL 1

R/M= 3,58674E+06
HS= 2.22572E+02
CONTUUR Ty SEC H/ HS

1 4,30 1.55919E-01
2 5.80 6.5¢929E-01
3 9.50 5.13872€E-01

MODEL 3

(c) Models 1, 3, and 4.
Figure 4.- Concluded.

R/Mz 1.,6T7930E+07
HS= 4.89188E+02

¥ CONTJUR Ty SEC H/HS
1 5.7Q0 8.04645E-01
2 9,60 6+18373E-01
3 10,80 5.89274E-01
4 14.60 5,008188-01
MODEL 3
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R/M= 3.73082E+006

HS= 24 24069E+02 Grid model 1
CONTJIUR T, SEC H/HS

1 5.80 7.l4109E-01

2 7.20 't.48372E-01

3 beb® S.58817E-01

MODEL |

Most windward
side

R/M= 3.58674E406 R/M= 1.72845E+07

hSx 2.22572€+02 hS= 4.95994E+02

CONTOUR TySEC H/FS CONTOUR T,SEC H/HS
1 4.30  1,54828E-01 1 5.80 8.33614E-01
2 5.40 6.73852E-01 2 8.00 7.24997E-01
3 630 6.33935E-01 3 10.40 6.35864E-01
4 6.70 6.14721E~01
5 7.70 5.73416E-01
6 8.70 5.35455E-01

MODEL 4 MODEL 1.
(a) Models 1, 2, and 3.

Figure 5,- Heat-transfer data for four models
at a=3°% Side view.

R/M= 3.82488E+06

HS= 2,21685E+02

CCNTOUR T, SEC H/HS
1 3.60 8.79332E-01
2 6.20 6.97574E-01
3 7.60 6.24378E-01

MODEL 3

R/M= 1.6T980E+07

hS= 4.89188E+02

CCNTOUR T,SEC H/ K
1 6.70 ° 7.38425€-01
2 8.10 6.72127€-01
3 9.0 6.27434E-01
4  10.40 6.05709€-01
5  11.20 5.83676E-01

MODEL 3

of Mars entry vehicle




R/M= 4.U0LY2dEY VG
HS= 2.c3915E¢02

LUNTUUR Ty SEC H/HS
i 5¢90  Te92792E-0a
< Bedd w9 le9DE-0L
3 YeH0  G.30894E-0L"
4 " 1l.c0  5.80570E-0L

MudEL 1

R/M= 4.09700E+06
FS= 2.23380E+02
COUNTOUR T,SEC
1 6.50 T7.21427E-01
2 8.80 6£.27609E-01
3 10.30 5,.3011¢E-01L

VODEL 3

Grid model 1

Most windward

R/M= 3.98834E+06

HS= 2.23758E+02

CONTOIUR T,SEC H/ HS
1 6.40 T<17375E-01
2 B.50 6.25800E-01
3 9.50 5.91948€&-21

MODEL 2

R/M= 1,62500E+07
HS= 4.,92369E+02

CCNTOUR T4SEC H HS

1 2.70 1.10270E+00

2 3,20 1.01213E+00

3 4.20 8.84129E-01

4 5.20 8.108756-01

5 6.30 T7.36691E-01L
MODEL 2.

(b) Models 1, 2, and 3.
Figure 5.- Continued.
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R/M= 1.60231E+07
HS= 4.90579E+02
CONTCUR T,SEC
1 4.90 8.06585€E-01
2 7.00 6.80529€-01

H/ >

3 9.10 6.02407E-01

FODEL 3

18

R/M= 1.6155TE+07
FS= 4,92540E+02

CONTCUR T,SEC H/HS

1 4.40 8.40535E-01

2 5.70 T.40l81E-01

3 T7.60 €.45949E-01

4 8.90 ©.00610E-01
MODEL 4

(c) Models 3 and 4.

Figure 5.- Concluded.




R/M= 3.7751TE+06 Crid model 1 R/M= 4.04039E+06

hS$= 4.218665*02 hS=s 2,25154E+02
CONTJUR T,SEC H/ HS CONTIOUR T,y SEC H/ HS
i 3.50 9.17161E-01, 1 4.40 EB.24953E-01
2 5.40 7.38384E-01 2 6.50 6.80217E-01
3 9.90 5.51222E-01 3 8.80 5.85764E-01
. 4 11.20 5.27424E-01

MCDEL 1 MODEL 3

Most windward
side

R/M= 3.71313E+06 R/M= 1.67358E¢407 R/Mz 1.63T740E+07

HS= 2.24757E+02 HS= 4,9149T7E+02 HS= 4.91044E+02

CCNTOUR T4 SEC H/ HS CONTOUR T,S5EC H/HS CONTOUR T,SEC H/ HS
1 3.60 8.35957E-01 1 3.00 1.14702E+00 1 3.00 1.04650E+00
2 6420 6439663E-01 2 5.70 8.29954E-01 2 5.80 7.50706E-01
3 - 7.60 5.80176E-01 3 T.40 7.30322E-01 3 9.60 5.94207E-01
4 10.10 5.09695E-01 4 10.50 6.19613E-01

MODEL & MODEL 1 MODEL 4

Figure 6.- Heat-transfer data for models 1, 3, and 4 of Mars entry
vehicle at o = 6°. Top view.
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R/M= 3.77517E+06 Grid model 1 R/M= 4.04039E+06

HS= 2.21466E+02 HS= 2.25154E+02

CCNTOUR TySEC H/ hS CONTOUR T,SEC H/ HS
1 4,00 9.05579€-01 1 3.70 9.02565E-01
2 5.50 7.69894E-01 2 6.80 6.,65771E-01
3 7.50 6.60850E-01 3 T.90 t.26878E-01
4 9.00 6.11385E-01 4 9.00 5.87321E-01
5 10.00 5.80011E-01

MODEL 1 MODEL 3

ost windward
side

R/M= 3,71313E+06 R/M= 1.67353E+07

HS= 2.24757E+402 FS=" 4,9149TE+02

CONTCUR T, SEC H/ HS CCNTUUR T,SEC H/ HS
1 3.30 8.79721E-01 1 4.30 $,.54469E-01
2 6.50 6.26823E-01 2 5.90 8.4129126-01
3 6.80 6.16591E-01 3 8+20 7.02258E-01
4 7.00 €.08618E-01 4 9.90 6.40324E-01
5 10.00 5.09206E-01

MODEL 4 MODEL 1

(a) Models 1, 3, and 4.

Figure 7.- Heat-transfer data for three models of Mars entry
vehicle at o = 6°. Side view.




R/M= 1,T0L105E+07 R/M= 1.63740E+07

HS= 4.95385E+02 . HS= 4.91044E+02

CONTOUR T,SEC H/HS CONTUUR Ty SEC H/HS
1 4.40 J9.796B81lE-01 1 3.00 1.04381E+00
2 5.60 7.78529E-01 2 4.90 8.18006E-01
3 7.70 6.71137€-01 3 8.60 6.29784E-01
4 9.00 642759101
S 9.70 6.04522E-01

MCDEL 3 MODEL 4

(b) Models 3 and 4.
Figure 7.- Concluded,
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d/M- 3.90997E+06

Grid model 1

2.24036E+02
CONTOUR Ty SEC H/ HS

3.20 9.79043E-01
4,70 B8.11339E-01
6.30 7.007T79€E-21

MODEL
Most windward
side
R/M= 1.63235E+07 R/M= 1.69370€E+07
HS= 4,.85600E+02 HS= 4.91583E+02
CONTOUR T,SEC H/ HS CONTOUR Ty SEC
1 5.10 8.85896E-01
2 7.00 7.561069E-01
MODEL 1

(a) Models 1, 2, and 4.

R/M= 341507cE+00
HS= cacivboE+UZ

CONTUUK ToSEL

Figure 8.- Heat-transfer data for four models of Mars entry
vehicle at a = 9°, Top view,




R/ M=
1

2
3
4
5
6

1.72093E+07
HS= 4,68909E+02
CONTGUR T,SEC

3.70
4.20
430
6.20
7.80
10.80

H/ kS
8.15096E-01
7.65041E-01
1.08291€-01
6.28108E-01
5.62788E-01
4.,81885E-01

MODEL 3

-3

R/M= 1.,63235E+07

HS= 4.85600E+02

CONTQOUR Ty SEC H/ HS
1 7.30 ©.99148E-01
2 8420 €.59665E-01
3 10.40 5.87289E-01

MODEL 4
(b) Models 3 and 4.
Figure 8,- Continued.
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Most windward

CONTJUR T, SEC H/HS
1 5.60 7.76351E-01
2 10.40 5.72294€E-01
3 12,20 5.33275€E-01

MODEL 3

(c) Model 3.
Figure 8.- Concluded.




R/M= L544507¢E+06 Grid model 1
H8= Zect9o0E+0¢
CONTUUR T, SEC

i

<
2
4
5

n/nsS

.70 6.40904E-UL

8.00 5.90914E-01

BacO  5.089590E-014

.00 S5el5TL5E~01

Y00  5444306E-01
MUUEL 4

Most windward
side

R/M= 1 ,63235E+07
HS= 4.65600E+02
CONTCUR T,SEC H/ HS

1

2
3
4

7.60 7.39695€E-01
8.60 6.55361E-01
9.70 €£.54747E-01
11,10 6.12065E-01

MOOEL 1

)

R/M= 4.26566E+06

HS= 2.24385E+02

CONTDUR T,3EC H/HS
1 6.10 7.43175€-01
2 7.40 6.76595E-01
3 10.10 5.87728E-01
4  11.10 5.60629E-01

MODEL 3

R/M= 1,63235E+07

HS= 4, E5600E+02

CCONTOUR T4 SEC H/ HS
7.00 7.13973£-01
T.40 7.09646E-01
T.90 6.86821E-01
8.60 6.58276E-01
9.50 6.26319E-01

v R wWN e

MODEL 4

(a) Models 1, 3, and 4.

Figure 9.- Heat-transfer data for three models of Mars entry

vehicle at a = 9°.

Side view.
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Grid model 1

Most windward

side
N
R/M= 3.9099TE+06 R/M= 1,72093E+07
HS= 2.24036E+02 HS= 4.88909E+02
CONTCUR T,SEC H/HS CONTOUR T,SEC H/ HS
1 3.70 9.18603E-01 1 4.00 7.81988E-01
2 5030 7.74422E-01 2 4420 7.64280E-01
3 6,10 7.21856E-01 3 4.50 7.52591E-01
4 7.20  6.64430E-01 4 6.00 6.51763E-01
5 7.00 6.03415E-01

MODEL 1

(b) Models 1 and 3.
Figure 9.- Concluded,

MODEL 3




R/M= 3,85893E+06

H§= 2,22629E+02
CONTOUR T,SEC  H/HS

d
2
3

3.10 1.01912€+00
4.30 8.67179E-01
5.70 7.58097E-01

MODEL 1

Most windward

side

R/M= 3.90154E+06
HS= 2.21409E+02
CONTOUR T,SEC H/HS
1 3.50 9.371476~01
2 5.30 7.68281E-01

MODEL 3

Grid model 1

R/M= 4,08903E+06

h3= 2.22350E+02

CONTOUR T,SEC H/HS
1 2.90 1.09254E+00
2 4.60 B8.65551E-01
3 6.50 T7.29759€-01
4 B.060 6.41645E-01

MODEL 2

R/M= 3.84191E+06

HS= 2.22157E+02

CONTJUR T,SEC H/HS
1 2.80 1.01558E+00
2 4.60 7.55767E-01
3 5.30 7.44574E-01
4 6.10 6.95544E-01

MODEL 4

(a) Reynolds number per meter ~ 3.7 X 108,

Figure 10.- Heat-transfer data for four models of Mars entry
vehicle at a = 12°. Top view.
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R/M= 1.67940E+07

hS$= 4.89188E+02

CONTOUR T,SEC H/ HS
1 3.50 . 1.087326+00
2 5.80 8.42410E-01
3 3.10 7.18560€-01

MODEL 1

R/M= 1.64610E+07

HS= 4.87575E+02

CONTOUR T,SEC H/ hS
1 2.30 1.23121E+00
2 4.30 d4.68100E-01
3 6.60 7.26818E-01

MODEL 3

R/M= 1.64028E+07
HS= 4,90329E+02

CONTOUR T,SEC H/HS

3.70 7.73131E-01
4.00 7.45349E-01
4.40 7.28059E-01
4.80 6.91980E-0}
5.80 6.21950E-01
T.l0 5.64847E-01

TV WN

MODEL 2

R/M= 1.64028E407
HS= 4.B89890E+02

CCNTOUR THSEC H/ HS
1 3.40 9.89294E-01
2 530 7.94423E-01
3 8,10 6.44281E-01
MODEL 4

(b) Reynolds number per meter ~ 17 x 105,

Figure 10.- Concluded.




R/M= 3.85893E+06

HS= 2.22629E+02

CONTOUR T,SEC H/HS
1 3.40 9%76908E-01
2 4,10 B.861606E-01
3 5.20 7.89935E-01
4 6.20 7.33576E-01
5 T.60 6.62574E-01

MODEL |

Most windward
side

R/M= 3,90154E+06

HS= 2.21409E+02

CONTOUR Ty SEC H/ kS
3.80 9.00971E-01
6.10 7.21225E-01
7.00 6.73266E-01
7.80 6.37806E-01

S WN -

MODEL 3

Grid model 1

R/M= 4.08903E+06

HS= 2.22350E+02

CONTOUR T,y SEC H/ HS
3.60 9.76198E-01
4.70 8.57812E-01
7«30 6.98343E-01
9.50 6.12165E-01

SN~

MODEL 2

R/M= 3,84191E+06

HS= 2.22157E+402

CONTOUR T,SEC H/ HS
3,20 9.53678£-01
4,60 8.06575€-01
5.50 T.3T636E-01

WPy -

MODEL 4

(a) Reynolds number per meter ~ 3.7 X 105,

Figure 11,- Heat-transfer data for four models of Mars entry
vehicle at o = 12°. Side view.

29



30

R/M= 1.67980E+07
HS= 4.89188E+02

CUNTCUR Ty SEL H/ HS
1 4.40 9.68730E-01
2 6.560 T7.90964E-01
3 8.10 7.20679%E-01
rODSL

R/M= 1.64610E+07
HS= 4,ET5T5E+02

CONTOUR T4SEC H/ HS
1 3.60 9.81539€E-01
2 7.30 6.92547E-01
MODEL 3

R/M= 1.64028E+07

F§= 4.90329E+02

CONTOUR TySEC  H/HS
2,30 $,62468E-01
4.00  7.44993E-01
6.20 5.98393E-01
8.00 5,34966E-01
10.30  4.71468E-01

V&N -

MODEL 2

R/M= 1.64)28E+07
HS= 4,89890E+02

CONTOUR T,4SEC H/ HS
1 5.10 8.09011E-01
2 6.90 6.56431E-01
3 8.20 .6.41007€E-01

MODEL 4

(b) Reynolds number per meter ~ 17 x 105,

Figure 11,- Concluded.




Grid model 1

R/M= 4.07508E+06
HS= 2,26079E+02

CONTUOUR T,SEC H/HS
1 3.00 1.06523E400
2 3.060 9.72420E-01
3 5.70 T.74491E-01
4 7.00 6.58883E-01
MODEL 1
Most windward
side
R/M= 4.03395E+06 R/M= 4.03395E+06
HS= 2422541E+02 HS= 2.22541E+02
CCNTOUR T4SEC H/ kS CONTOUR T,SEC H/HS
1 2.20 1.24817E+00 1 3.00 1.05079E+00
2 3.20 1.03034E+00 2 3.60 9.57104E-01
3 4,20 8.99353E-01 3 4.60 B.46T04E-01
4 5.40 T.91399E-01 4 7.10 6.80012€E-01
MODEL 2 MUDEL 3

(a) Reynolds number per meter ~ 3.7 X 108,

Figure 12.- Heat-transfer data for four models of Mars entry
vehicle at « = 15°, Top view.
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R/M= 3.97213E+006
HS= 2,20090E+02

CUNTOUR T, 5EC H/ HS
1 3.40 1.01415E+00
2 4.40 ©0.89507TE-J1L
3 5.90 7.68157€E-01
MODEL &

R/M= 1.65G04F+07

HS= 4.89541E+02

CONTUUR T4SEC H/ HS
1 1.60 1.51860E+00
2 3.70 9.96004E-01
3 5.00 8.56795E-01
4 7.00 1.2¢229E-01

MOOEL 2

R/M= 1.6529TE+07

HS= 4.u88559E+02

CONTQUR TyS5EC H/ HS
1 5.60 B.46630E-01
2 7.10 7.,53870e-01

MODEL 1

R/M= 1.65001E+07

FS= 4.89TL6E+02

CONTOUR ToSEC H/ HS
1 2.30 1.23329E+00
2 3.60 $.33196E-01
3 5.30 8.08200E-01
4 8.50 6,36526E-01

MCDEL 3

(b) Reynolds number per meter ~ 17 X 108,

Figure 12.- Concluded.




Grid model 1

R/M= 4,03395E+06
HS= 2.22541E+02
CONTOUR T, SEC

E VRN

MODEL™

2

Most windward
side

H/ HS

1.60 1.46296E+00
3.70 $.62036E-01
4.20 9.13952E-01
5.70 T.84532E-01

R/M= 4,07508E+06

HS= 2,26079E+02

CCONTOUR Ty SEC H/ HS
4,30 8.92287E-01
5.20 8.23840£-01
5.90 7.73425E-01
8.60 6.40612E-01

S W

MUDEL 1

R/M= 3,97213E+06

M= 2.20090E+02

CLTCUR 19SEC H/HS
1 2.80 1.11729E+00
2 4.70  8.62376E-01
3 6.00 T.75877€-01

MODEL 4

Figure 13.- Heat-transfer data for three models of Mars entry
vehicle at a Reynolds number per meter of 3.7 X 106 at

a = 15°.

Side view.
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R/M= 4.00782E+06
HS= 2.21035€E+02
CONTUUR T, SEC

SWN-

MODEL 1

A/ HS

3.00 1.13876E+00
4,20 9.62425E-01
6410 T7.51489E-01L
790 6.57049E-01

Grid model 1

R/M= 3,92766E+06
HS= 2.21317€E+02
CONTOUR T,SEC

W whN -

MODEL 2

2.50 1.16601E+00
3.50 5.83281E-01
4010 9.06490E-01
5.10 §.10989€-01
6.70 7.06008E-01

Most windward
side

R/M3 3.,92766E+06

HS= 2.21317E+02

CONTCUR T,SEC H/HS
1 3.00 1.04641E+00 1
2 4.30 B.06d2T4E-01 2
3 4.50 B.48760E-01
4 5.10 8.04338E-01

R/M= 3.90154E+06

HS= 2,21409E+02

CONTQUR T,SEC H/ HS
3.00 1.03089E+00
4,20 B8.63661E-01

MODEL 3 POLEL 4

(a) Reynolds number per meter ~ 3.7 x 106,

Figure 14.- Heat-transfer data for four models at Mars entry
vehicle at a = 18°, Top view.




|

R/M= 1.60499E+07 R/M= 1.62111E+07
HS= 4.89425E+02 HS= 4.50236E+02
CONTOUR T,SEC H/HS CONTOUR T,SEC H/ HS
1 3,10 1.09632E+00 1 2,00 1.30416E+00

2 3.00 1.00484E400
3 4.20 ©.90751E-01
4 6.20 7.36904E-01

2 4.70 8.85833E-01

MODEL 1 MODEL 2
'Most windward
| I side
R/M= 1.60231E+07 R/M= 1.62111E+07
HS= 4.90579E+02 HS= 4.90236E+02
CONTCUR T,SEC H/HS CONTCUR T,SEC H/HS
1 3.20 9.99918E-01 i 3.00 1.05215E+00
2 4.30 B.69842E-01
3 6.10 7.25956E-01
MODEL 3 FODEL 4

(b) Reynolds number per meter ~ 17 X 108,
Figure 14.- Concluded.
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R/M= 4,00782€+06 . R/M= 3.92766E+06
HS= 2.21035E+02 6rid model 1 FS= 2.21317€+02
CUNTOUR T,4SEC H/ hS CUNTOUR T,SEC H/ HS
1 4,70 9.01697€-01 1 2.50 1.16292E+00
2 6.10 8.06197E-01 2 4.40 HLTLTT9E-O1
3 7.30 71.36901E-01 3 5.20 8.09554E-01
4 7.50 6,79504E-01
5 8.60 be34561E-01
6 1l.40 5.51151E-01
*OUEL 1 ! MODEL 2
/————Most windward
side

R/M= 3.392766E+06 R/M= 3.90154E+06
hS= 2.21217€+02 HS= 2.21409€+02
CGNTOUR T,SEC H/HS CONTJUR T,SEC H/ HS
1 3.40 9.74314E-01 1 3.00 1.02518E+00
2 4.60 £.40901E-01 2 4,80 8.22596E-01
3 6.50 7.175959E-01 3 7.20 b6.71647€-01
MODEL 3 MODEL 4

(a) Reynolds number per meter ~ 3.7 x 105,

Figure 15.- Heat-transfer data for four models of Mars entry
vehicle at a = 18°, Side view.
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R/M= 1.62111E+07

HS= 4.90236E+02

CONTOUR Ty SEC H/HS
1 2.20 1.23962E+00
2 4.90 8.25942E-01
3 6.80 7.15037e-01

¥ODEL 2

R/M= 1.60231E+407

FS= 4.90579E+¢02

CCNTCUR T4SEC H/ HS
1 2.20 1.19557E+00
2 7.90 ¢.4329¢2E-01

MODEL 3

(b) Reynolds number per meter = 17 X 108,
Figure 15.- Concluded.
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R/M= 3.92766E+06
HS= 2,213176+02

CCNTUUR TyokCL

—

D}
2 2.00
3 5290
4 7.50

H/H>
2e15104E+0D
1.360482E+00
de43)a3E-01
T7.02723E-01

Grid model 1

(a) a

00

R/M= 1.68359E407
HS= 4,91321E+04

CONTIUR Ty5EC H/ hS
1 etV 2.54952E400
P 4240 9.41474E-01

Figure 16.- Heat-transfer data for model 5 of Mars entry
vehicle at various angles of attack and two Reynolds
numbers.




Grid model 2

R/M= 3,90154E+006
hS= 2,21409E+02

CONTJUR T, 5€EC H/ +S
1 4.50 9,18347E-01
2 6,10 7.39195E-01
3 790 6.93483€-01
4 10.60 5.%8682t-01

Most windward
side

R/M= l.644L4E+07
H5= 4.92023E+02

CUNTUUR T4SEC H/HS
1 2.20 1.293935+00
2 3.40 1. 04004E+I0
3 9.10 6.36214E-01

() o = 3°.

Figure 16.- Continued.
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Grid model 2

Most windward

side
1P
R/M= 3.d2avbl +00 R/M= L.,606577E+07
th 24216851 +02 HS= 4.89305E+02
CONTUUK Tysko H/HS CONTUUR Ty>EC "H/ HS
1 2.10 ©.13005E-01 1 2.00 1.41933E+00
2 650  T.20148E-01 2 4,0 9.25870E-01
3 8.60 6,260719E-21 3 0e40 1,93431E-01L
(o}
(¢) a=6".

Figure 16.- Continued.




R/M= 3.90154E+006 R/M= 16097 E+37

HS= 2.21409E+02 hS= 4.89305E+0¢
CONTOUR 1y SEC H/HS CCNTLUR TySEC H/HS
1 4020 9.35690E~01 1 2.60 1.23573E+00
2 6.10 .7,76411E-01 2 3,30 1.056056E+00
3 7.30 7.09733€E-01 3 4.50 9.00142F-01
4 6,10 8.C6759E-01

(@ a=9°
Figure 16.- Continued.
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R/M= 3.b65)15E+00
ES= £.21593F+02

CONTJUR T, SEC H/HS
1 4e40  G.323954E-UL
2 TeblU  7.00c91E-01

(e) a=12°,

Figure 16.- Continued.

R/M= 1.66977E+07

kS=

4.89365E+02

CONTJUR Ty SEC H/HS

1
2
3

3.00 4.16453E+00
4,10 Y.96157E-01
5,90 8.30396E-01




R/M= 4.00570E+06
HS= (.236Ll0E+02

CONTUUR Ty SEC H/ hS
1 «90  1.0248Q9E+90
2 1.0 ©8.87501E-01
3 1.90 7.05314E-01

Grid model 2

Most windward
side

R/M= 1.71049E+07
HS= 4.8d052E+02

CONTOUR T,SEC H/HS
1 2.30 1.37745E+00
2 3.60 1.10100E+00
3 5,00 9.34230E-01

(f) a = 15°,

Figure 16.- Continued.
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Grid model 2

R/M= 3.9bu34t+06 R/M= 1.60632E+07
FS= Za23121E40¢ FS= 4.84950E+402
CUNIDUB TeSEC H/HS CONTUUR T,ySEC H/HS
1 1.00 $.H491¢E-01 1 2.080 L. 1650%E+00
2 leb0  7.11749e-01 2 3.40 1.05784E+00
3 5.10 €.63726E-01
(g) o =18°.

Figure 16.- Concluded.
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N : l PROJECTION LOCATION J
|
| |
:\—-—SPHERE—CONE JUNCTION C;F(i)
I | *
B |
l I ®, DEG |
_ | | o N
| 8 X
|
| ' | A 12 | |
] | N 15 1|
D18 L
i | | ||
| | | !
| | I
| | |
|
| | 4
v M;& \A\ | % i % | 5
// \O//lk// \’\ \iq\\\ d d? .’
¥ & D\\ I \\\ ST /?g \‘/
%\\ D\\ \A\ _,/‘(\/
I \\\\\\::\\ //’////
| | T T
’ LAEROSHELL-BIOSHIELD AEROSHELL EORNERJ
| l ATTACHMENT POINT B |
| | |
| I | | 1 I | | | | ll |
1 2 3 4 5 6 1 .8 9 10

(a) Reynolds number per meter ~ 3.7 X 106.

1.1

Figure 19,- Heat-transfer-coefficient distribution on the most windward ray of model 5.
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(b) Reynolds number per meter = 17 X 108,

Figure 19,- Concluded.
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(a) a =0°, (b) a =9°,

(d) o =18°,

L-74-1021
Figure 20.- Typical schlieren photographs of model 2 at a

Reynolds number per meter of 17 x 108,

NASA-Langley, 1974 1,-9244
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