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AERODYNAMIC HEATING AT MACH 8 OF ATTACHED
INFLATABLE DECELERATOR CONFIGURATIONS

By Theodore R. Creel, Jr., and Robert Miserentino
Langley Research Center

SUMMARY

Heat-transfer coefficients on four attached inflatable decelerator (AID) configura-
tions were obtained in the Langley Mach 8 variable-density tunnel at angles of attack of
OO, 50, and 10° for a Reynolds number range of 0.22 X 106 t0 1.23 x 106 in air. A fusible-
temperature-indicator technique which employs a temperature-sensitive material that
changes from an opaque solid to a clear liguid at a known temperature was used to cbtain
these coefficients. The results of this investigation indicate that the heat-transfer coef-
ficients on the ram-air inlets and the burble fence are approximately five times larger
than the coefficients at identical locations on a smooth AID body. Moving the ram-air
inlets rearward also changes the bow-~shock shape and reduces the heating rates immed-
iately behind the aft row of inlets., This movement of the inlets also increases the heating
rate on the burble fence. Increasing Reynolds number effected an increase in heat-
transfer rate primarily on the burble fence.

INTRODUCTION

Planetary-mission studies of entry into low-density atmospheres such as that of
Mars have demonstrated the need for a low-mass deployable device for deceleration at
supersonic speeds. (See refs. 1to 3.) This need prompted a research program to
develop and evaluate an attached inflatable decelerator (AID) which is essentially a low-
mass inflatable canopy attached directly to a payload as described in reference 4. The
AID canopy is aerodynamically shaped to provide high drag at high supersonic speeds.
The concept is illustrated in figure 1, in which the canopy is shown attached to a conical
planetary entry body. Ram-air inlets at the aeroshell periphery initiate canopy deploy-
ment and additional inlets near the burble fence maintain the inflated shape.

The analytical development of AID configurations is presented in reference 4 and
the design and fabrication of wind-tunnel models 1.5 meters in diameter is presented in
reference 5. Deployment and aerodynamic performance data from wind-tunnel tests
(refs. 3 and 6) demonstrate good stability characteristics and a high drag coefficient over
a wide supersonic speed range. The application of the AID in a simulated Mars mission




has been studied analytically in reference 7 to determine the thermal and structural
response of the inflated canopy in the hostile environment. The present investigation was
initiated to provide experimental heating rates on the AID configuration for correlation
with analytical results and to provide data on changes in heat-transfer rates due to the
protuberances such as ram-air inlets and burble fence, which were not amenable to
calcuiation,

Tests were made in the Langley Mach 8 variable-density tunnel on solid 0.0154-scale
AID models 11.2 cm in diameter. The models were coated with fusible temperature indi-
cators to measure heat-transfer rates. Four model configurations were tested at angles
of attack of OO, 50, and 10° and four Reynolds numbers varying from 0,22 X 106 to
1.23 % 106,

SYMBOLS
H local heat-transfer coefficient
HS reference stagnation-point heat-transfer coefficient
h interference heating factor, ratio of heat-transfer coefficients on models 2,
3, and 4 to that on model 1
MINF {ree-stream Mach number
Np e, free-stream Reynolds number
R maximum model radius
R/M free-stream Reynolds number per meter
r model radial coordinate
8 surface model length at « =0 (see fig. 2)
T time
a axial coordinate (positive toward nose)
o angle of attack



FACILITY

The Langley Mach 8 variable-density tunnel, described in reference 8, was used
for all tests. To obtain in air a Reynolds number range of 0.22 X 106 to 1.23 x 100 pased
on maximum model diameter, the stagnation pressure was varied from 0.69 to 4.8 MN/m
with stagnation temperature ranging from 710 to 830 K. The tunnel has a contoured axi-
symmetric nozzle with a test-section diameter of 45.7 cm and a model injection mecha-
nism located directly beneath the test section.
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MODELS

The models were made of high-temperature plastic so that data could be obtained
by using fusible temperature indicators. (See ref. 9.) Four different model configura-
tions were used in this investigation. Model 1 consists of the AID configuration with the
burble fence only. The coordinates of model 1 are given in table I and the profile is
shown in figure 2; a photograph of model 1 is shown in figure 3. Model 2 has the same
profile as model 1 with the addition of a nose protuberance; dimensions for the nose
protuberance are given in figure 4. Models 3 and 4 were the same as model 2 with the

TABLE I.- COORDINATES OF MODEL 1 PROFILE
[R=5.6cm (2.2 1in)]

r/R z/R r/R z/R

0.418 | 0.578 || 0.955 | 0.024
442 .567 975 .008
.488 .544 .988 | -.010
535 520 .995 | -.029
.581 493 || 1.000 | -.060
.628 .465 .991 | -.088
.675 434 973 | -.110
121 .399 936 | -.121
.168 .358 .907 | -.108
.814 .310 .884 | -.149
.862 .248 .861 | -.178
.884 .207 .814 | -.219
.907 151 .768 | -.245
.920 .036 121 | -.261
.938 .031 675 | -.270

623 | -.272




additicn of two rows of eight equally spaced inlet protuberances at longitudinal stations
shown in figure 5 for model 3 and figure 6 for model 4. The geometry of these inlet
protuberances is shown in figure 7. A photograph shows them clearly on model 4 in
figure 8.

TEST TECHNIQUE

The fusible-temperature-indicator technique described in reference 9 was used to
determine heat-transfer coefficients, Briefly, a thin layer of a 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 a motion-
picture camera photographs the model at known time intervals. The assumption of one-
dimengional heat flow inside the model permits the calculation of a relationship of the
time to reach the melting temperature, the model thermal properties, and the aerody-
namic heat input rate, from which a heat-transfer coefficient can be determined by speci-
{ying a driving temperature potential. For the present tests, on a very blunt configuration,
an adeguate approximation was obtained by neglecting the variation in local adiabatic wall
temperature around the model, and by using the stagnation temperature instead of local
adiabatic wall temperature to determine the temperature difference driving the aerody-
namic heat flow. These computed heat-transfer coefficients were then normalized by the
value calculated (by using ref. 10) for the stagnation point of a sphere of radius 1.356 cm
(egual to the aeroshell nose radius).

RESULTS AND DISCUSSION

Heat-transfer coefficients on four attached inflatable decelerator configurations
were obtained in the Langley Mach 8 variable -density tunnel at angles of attack of 00, 50,
and 10° over a Reynolds number range of 0.22 X 108 to 1.23 x 108 based on maximum
model diameter.

Figure 9 is a series of sketches representing a typical phase-change pattern
sequence during one tunnel run. In figures 9(a) and 9(b) is shown a simple growth of the
melted area. In figure 9(c), however, although the nose melted area has grown larger,
theie is a detached region of melted paint bounded by contours 3. The heating rate in the
unmelted area is lower than that in the downstream melted area. Such a reduction could
be due to separation of the boundary layer in the vicinity of the aeroshell—inflatable-
structure junction where there is, in fact, a change in surface inclination.

In figure 9(d), the probably separated area has been heated above the melting tem-
perature, and the melt boundary proceeds monotonically downstream in figures 9(e)



and 9(f). In figure 9(g) an isolated area of melted paint on the burble fence again indicates
an area of increased heating rate on the fence, and a minimum heating rate region in the
corner; this condition can be interpreted as separation and reattachment.

For convenience, the successive contour lines from a test can be drawn on a single
figure, This procedure has been followed in presenting the results of the present study
in figures 10 to 33. The legend with each figure gives the time at which the contour
occurs, the calculated heat-transfer coefficient for each contour, and the relative heating
rate referenced to the calculated value for the stagnation point of a sphere with a radius
of 1.356 cm.

Figure 10 is a graphic representation of model 1, the basic configuration, showing
the isotherms or contour lines for tests at four Reynolds numbers. The contours of fig-
ure 10 indicate two areas of low heating, possibly caused by separated flow. The first
area of low heating occurs at the aeroshell and AID junction and is bracketed by the two
upstream contours marked 3, After approximately 10 seconds of tunnel run time, all the
phase-change paint has been heated to the melting point except in an area between con-
tours 8 and 7,8, Again, flow separation is the most likely explanation,

This description of the time history of the isotherms is typical of that for all tests
on model 1 at all Reynolds numbers. The results can be summarized by plotting the cal-
culated local heat-transfer coefficients, when expressed as a ratio to the stagnation-
point heat-transfer coefficient, against surface distance s/R, as shown in figure 11. The
curve drawn in figure 11 is intended only to indicate the trend and should not be considered
an accurate estimate of local values between points. It is apparent that the shape of the
distribution of H/HS is not greatly affected by Reynolds number except on the burble
fence, where peak relative heating values increase with increasing Reynolds number.

Isotherms on the windward side of model 1 are shown in figures 12 and 13 at angles
of attack of 5° and 100, respectively, again at four Reynolds numbers,

Figures 14 to 16 present all the data recorded on the windward side of model 2 in the
present tests. The primary difference between these data and those of figures 10 to 13 is
due to the nose protuberance of model 2, which now causes an additional region of lIow
heating between the nose and aeroshell as indicated by the unmelted paint on the model
surface between the nose protuberance and contour 1. (See fig. 14(a).) The pattern indi-
cates a small area of flow separation at the base of the nose protuberance. The
separation-reattachment pattern shown by model 1 at the aeroshell-AID junction can be
seen in figure 14(c) downstream at contour 1. Figure 17 is a plot of the heat-transfer
data of model 2 expressed as a ratio to the reference-stagnation-point heat-transfer rate
against s/R at an angle of attack of 0° and Reynolds numbers from 2.2 X 10° to
1.12 x 105, Heat-transfer coefficients were obtained on the nose of model 2 for the




lowest Reynolds number and indicated that the nose protuberance will have extremely
high heating rates. The effect of varying Reynolds number is not apparent on the nose
but the burble fence area has an increasing relative heat-transfer coefficient with
increasing Reynolds number.

Figures 18 to 25 contain the heat-transfer data obtained on models 3 and 4. In fig-
ure 18 data taken along a meridian which passes between inlets in the first row and
bisects an inlet in the second row are presented. This meridian is indicated in fig-
ures 19 to 24, The ram-air inlets are located closer to the nose of model 3 than to that
of model 4, This difference in ram-air inlet location produces a noticeable difference in
flow patterns around the most downstream ram-air inlet and on the burble fence. In gen-
eral, the air stagnates at the upstream surface of the inlet and then expands around the
inlet, Note that contour 1 reoccurs behind each inlet and represents an interference
heating factor h of approximately 3.5. There is a high heating region on the burble
fence, model 3 (fig. 19), which is probably associated with the wake flow behind the pro-
tuberance, Contours 1, 2, and 3 are shown on the AID body and burble fence.

Model 4 (figs. 22 to 24) is different from model 3 in that the high heating on the
body immediately behind the inlet protuberance can be seen only for the forward row of
inlets on the AID body. There is an increased heating on the burble fence downstream of
both rows of ram-air inlets.

In order to measure accurate heating rates on the ram-air inlets of model 4, a
high~-melting-point phase-change paint was used to obtain the data of figure 25. These
data indicate heat-transfer rates almost twice the reference-stagnation-point heat-
transfer rates and a maximum h of approximately 5.

Figures 26 to 33 present the results of this investigation on the model side 90° from
the most windward ray. The results of angle-of-attack variation are a reduction of heat-
transfer coefficient and an enlargement of the separated-flow region on the leeward side
of models 1 and 2, (See figs. 26 to 29.) The enlarged separated region is not observed
on models 3 and 4. (See figs. 30 to 33.)

A comparison of the heat-transfer coefficients on the AID configuration is presented
in figure 34 for a Reynolds number of 2.24 X 10% at « =0°. For this Reynolds number
the heating rates on models 3 and 4 are approximately equal, as are the heating rates on
models 1 and 2. Figure 34 illustrates the fact that the ram-air inlets cause a large
increase in local heating on the inlets and on the burble fence immediately behind the
inlets. Heating rates representing an h approximately five times greater than those on
models 1 and 2 were observed on models 3 and 4 for the ram-air inlets and burble -fence
locations. Shown in figure 35 are typical schlieren pictures of the four test models at
o =07,



CONCLUDING REMARKS

Heat-transfer coefficients have been obtained on four attached inflatable decelerator
(AID) configurations in the Langley Mach 8 variable-density tunnel at angles of attack of
OO, 50, and 10° for a Reynolds number range of 0.22 X 106 t0 1.23 x 106 in air. The
results of this investigation indicate that the maximum heat-transfer coefficients on the
ram-air inlets and the burble fence are approximately five times larger than the coef-
ficients at identical locations on a smooth AID body. Moving the ram-air inlets rearward
reduces the heating rates immediately behind the aft row of inlets. This movement of the
inlets also increases the heat-transfer coefficients on the burble fence. Increasing
Reynolds number effected an increase in relative heat-transfer coefficients primarily

on the burble fence,

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., September 13, 1971,
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Figure 3.- Model 1.
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Figure 8.- Model 4.
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\-Junc‘rion of aerosheli and AID

_~Burble fence

(a) T = 0.5 sec. (b) T = 1.5 sec.

(¢) T =2.5sec. (@ T =4.9 sec.

Figure 9.- Sketches of model showing typical phase-change pattern sequence. « = 0°.
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Figure 10.- View of windward side of model showing constant-temperature contours.
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Figure 13.- View of windward side of model 1 showing
constant-temperature contours. « = 10°.
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8.50 5.59255E+01

(¢ N = 1.12 x 105,
Re,

H/HS
$.20900E-01
1.80445E~-01
9.78601E-02

Figure 14.- View of windward side of model 2 showing
constant -temperature contours. « = 0°.
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Aprpsheli-

;A 3 Aeroshelt
Junction,

Burble tence junction

Burble feace

ALPHA= 5,000 MINF = 7.800 ‘:‘;:HA; g;gg?r 06 MINF = 7.69)

R/M= 3.58824E+06 = 2. E+

HS= 3.27041E+02 WATTS/METER(SQ}~DEG-K HS= 2.46054E+02 WATTS/METERISQ)=DEG-K

LONTOUR T,SEC H, WATTS/METER(SQI=DEG-K  H/HS CONTOUR T,SEC HyWATTS/METER(SQI=DEG-K  H/HS

! »30 2.4646TE+D2 7.53627E~01 1 .30 2.66673E+02 1.0B380E+00

f =70 L.61351E+02 4.93364FE-01 2 1.20 1.333376402 5.41901E-01

E 2,40 8.71393E+0] 2.66447E-01 3 2.20 9.B4T56FE+11 4,00220€E-01

4 7.40 5,36938F +01 2.182206-01

a) N = 2.4 X 109, b) N = 4,03 x 105,
( ) Re,oo ( ) Re,oo

Agroshel]
Junction.

Aeroshell
junction

ALPHA= 5,000 MINF = 7,909 ALPHA= 5,000 MINF = 7,950
RiM= 5 ,994666E+D5 R/M= 1.,0CR20E+07
HS= 4,41284E+02 WATTS/METER(SQI-DEG-K HS= 5.72B469C+02 WATTS/METER(SOI-DEG~K
CONTYOQUR ToSEC HeWATTS/METER{SQI-DEG-K H/HS CONTQUR T,SEC Ho,WATTS/METER{SQY-DEG-X H/ HS
1 « 50 2.21308E+02 5.0151kE~01 1 .40 4. 200T4F+02 7.489916-01
2 2.20 1.15575E+02 2.619056-01 k4 1.50 2.21573E402 2. E6TTTE-DL
3 490 T.T4418E+01 1.75492£-01 3 4430 1.20866E+02 2.28440E~01
5 6
c) N =6,72 X 107, d N = 1.12 X 10°,
(©) Ngg a (@) Nge o

Figure 15.- View of windward side of model 2 showing
constant-temperature contours. « = 5°,
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Aeroshel)

Aeroshell
junction

junction
Burble fence
ALPHA=10.000 MINE =  7.690 ALPHA=10.,000 MINF = 7,800
R/Mc 2.10116E406 R/M= 3,15007€+06
HS= 2.45859E+402 WATTS/METER(SQ)-DEG-K HS= 3.26551E+02 WATTS/METER(SQI-DEG-K
CONTOUR T,SEC H,WATTS/METER(SQ}-DEG-K H/HS CONTOUR T,SEC H,WATTS/METER(SQ)=NEG-K H/HS
1 40 2.31045E402 9.39748E-01 1 A 1.98676F+32 6.284C7E-01
2 1.40 1.23499E+02 5.023166-01 2 1.27 1.14T706E+02 3.51264E-01
3 2.9 8.58081E+01 3.49014E-01 3 2,50 7.94Tr4E 471 2.43363E-01
4 7.22 5.44579E+01 2.215C1E-01 4 5,62 5,37 984F +N1] Le62604E=01
5 5
a) N = 2,24 X 107, b) N = 3.6 X 10°,
@) Ngg o () Nge o
1
Aeroshelt junction
junction
ALPHA=10.000 MINE = 7.900 ALPHA=10.000 MINF = 7.950
R/M= 5.,99666E+06 R/M= 1.05989E¢07
HS= 4.412B4E402 WATTS/METER(SQ)-NEG-K HS= 5.73468E402 WATTS/METER(SQ)=DEG-K
: CONTOUR T5SEC HaWATTS/METER(SD)=DEG-K HIHS
CONTOUR T,SEC H,WATTS/METER(SQI=DEG-K H/HS 1 .60 4.58240E402 Z%iiiipﬁ
1 .40 2. T9492E+02 6.333626-01 2 SR 2.31096E+02 e 405nTE-01
2 1.80 1.31754E+02 2.98570E-01 3 2.32 L. 05270F+02 SRS
3 5.20 7.75172E+01 1.75663E-01 4 6400 1.2C859E+02 2.10821E-0
= 5 6
(e) NRe,°° = 6,72 X 107, (d N =1.12 X 10°,

Re,»

Figure 16.- View of windward side of model 2 showing
constant-temperature contours. « = 10°,
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ALPHA= 0.000 MINF = 7,699
R/M= 1.86902E+06
HS= 2.46B843E+02 WATTS/METER(SQ)-DEG-K

CONTOUR T,SEC H,WATTS/METER{SQ)-DEG-K H/HS
1 « 30 2 40558F+02 9. T4540E-"1
2 1.40 1.11357E+02 4,51124E-71
3 2667 B8.17136E40] 3.310356-01
4 470 6. 07TT7TA0FE+0 1 2.462136-¢1
5 T .87 4, T1T774E+01 1.91123E~01

. 5
(2) Npg .~ 2.24 X 105,

Figure 19.- View of windward side of model 3 showing
constant-temperature contours. o = 0°.
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30

ALPHA= D300 MINF = 7,800
R/M= 3.31793F+06
HS= 3.26T15E+02 WATTS/MFTER(ISQI-DEG-K

CONTOUR T,SEC HaWATTS/MFTERISQI-DEG-K H/HS
1 50 1.67359E+02 5.12250E-01
2 1.40 1.00016E+02 3.,06128E~-01
3 3.10 6.72132E+01 2,08T724E-01
% 8,50 4.05906E+0] 1,242329F-01
~ 5
(B) Npg o ~3.7% 100,

Figure 19.- Continued.



ALPHA= 0,000 MINF = T7.90%2
R/M= 6,17316E+06
HS= 64.41T04E+D2 WATTS/METER(SQY-DEG-K

CONTOUR T,SEC Hy WATTS/METER(SQ)-DESG-K

H/HS
1 » 40 2.59484FE+02 5.87462E-01
2 l.70 1.25868E4+02 2.84961E-01
3 4.00 8.20562E+01

1.857725-01
(©) Npg o = 6.9 X105,

Figure 19.- Continued.
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32

ALPHA= 0.000 MINF =  T7.959
R/M= 9.94537E+06 ) ,
HS= 5,73059F+Q2 WATTS/METER(ISQI-DEG-K

CONTOUR T,SEC HyWATTS/METER(SQ)-DEG-K H/HS
1 40 L. GI114E+02 7.13912E-01
2 2,10 1.78552E+02 3,11577E-D1
3 5.40 1.11347€+02 1.943025-01

~ 6
(@ Npgg o = 1.12X10°.

Figure 19.- Concluded.



ALPHA= 5,000 MINF = 7,690
R/M=,1.92581E+06
HS= 2.4T090E+02 WATTS/METER{ SQI-DEG~-K

CONTOUR T,SEC H,WATTS/METER(SQ)-DEG-K H/HS
1 60 1.58532F+02 6.41595E-01
2 2.7 T.4T73260+401 3.02451F-D1
3 6,2C 4.93170E+01 1.59591€~31

(2) Npg o = 2.24 X 10°.

Figure 20.- View of windward side of model 3 showing
constant -temperature contour. o = 50.
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34

ALPHA= 5,000 MINF = 7.800
R/M= 3,29855E+06
HS= 3,2653TE+02 WATTS/METER(SQ)-DEG-K

CONTOUR ToSFC HyWATTS/METER{SQ}~DEG-K H/HS
i 0 30 2.2TBT76E+D2 6.97855E-01
2 1.20 1.13938E+402" 3.48928E~-01
3 290 7.32926E+01 2.24454E-01
4 4. 30 6.01901E+01 1.84328€-01

(B) Np, o =~ 3.7 X 10°,

Figure 20.- Continued.



ALPHA= 5,000 MINF =
R/M= 5,57511E+06
HS= 4.43209F+02 WATTS/MFTER(SQ)-DEG-K

= T.900

CONTOUR T,SEC HyWATTS/METER(SQ)-DEG-K H/HS
1 .20 3,94 764E402 8.90697E-01
2 .60 2.2T91T7E+H2 5.14244E-01
3 1.70 1.35403FE+402 3,05506E~-01
4 5.50 7.52786E401 1.69849E-D1

. 5
() Npg o ~ 6.8 % 10°,

Figure 20.- Continued.
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36

ALPHA= 5,000 MINF = 72950
R/M= 1.07254E+07
HS= 5.74096E+02 WATTS/MFETER(SQ)-DEG-K

CONTQUR T,SEC HyWATTS/METER(SQ)~DEG~-K H/HS
1 20 6.40731E+02 1.116C7E+00
2 « 90 3.02043E+02 5.26120E-01
3 240 1.84963E+02 3.22181E-01
& 4672 1.32173E+02 2.30227E-01

. 6
@ Np, = 12x10P,

Figure 20.- Concluded.



ALPHA=1G.0Q0 MINF = 7,690
R/M= 1.94934E+06
HS= 2.46928E+02 WATTS/METER({SQ}-DEG-K

CONTOUR T,SEC HyWATTS/METER(SQ}I-DEG-K H/HS

1 « 50 1.92486¢E+02 T.79521E-01
2 1.9¢0 9.87430E+01 3.,99886E-01
3 3.20 T.60866E+01 3.08133E-01
b4 9.10 4.,51193E+01 1.82723E-D1

(@) Npg o ~2.24 X 10°,

Figure 21.- View of windward side of model 3 showing
constant-temperature contour. « = 10°,




ALPHA=1C,000 MINF = 7,800

R/M= 2.939772E+06
HS= 3,14520E402 WATTS/METER(SQ)I-DEG-K

3
i
f |
\
d
| {
2y 3
§
- I
]
1
3
f
i
2
! 3
i
i
3 |
CONTQUR T,SEC HyWATTS/METER(SQ)-DEG-K H/HS

1 .30 2.22239E402 7.06598E-01
2 1.30 1.06760E402 3,39439E-01
3 3.40 6,60 149E401 2.09891E-01

(b) Newz&4xm?

Figure 21.- Continued.



ALPHA=10.0C0 MINF = 7.900
R/M= 5,82R842E+06
HS= 4.42016F+02 WATTS/METER(SQI-DEG-K

CONTOUR T,SEC HyWATTS/METER(SQ)-DEG-K

H/HS

1 A 2.65497FE+0Q2 6.00651E~01
2 1.30 1.47271E+02 2.33181E-01
3 5.50 7.15392E401

1.61983€E-01
(©) Npg w =~ 6.72 % 10°,

Figure 21.- Continued.
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40

ALPHA=10,000
R/M= 1.04TOTE+OT
HS= 5,.82416F+02 WATTS/MFTER(SQ)I-DEG-K

MINF = T7.950

CONTOUR T,SEC HyWATTS/METER(SQ)-DEG-K

H/HS
1 « 50 3.94061E402 6. T659TE-01
2 1.40 2.35496E4+02 4.04344E-01
3 5440

1.19909E+02 2.05882E-01

N 6
@ Npg o~ 1.12x10°,

Figure 21.- Concluded.



ALPHA= 0,000 MINF
R/M= 2.03558E+06

HS= 2.46346E+02 WATTS/METER(SQ)-DEG-K

= 7,690

CONTOUR ToSEC HsWATTS/METER(SQ)}-DEG-K H/HS
1 «80 1.64336E+02 6.67C95E-01
2 3.80 7.54026E+401 3,06084E-C1
3 3.30 4,81988E+01 1.95655€6~01

(2) Npg o = 2.24 X 105,

Figure 22.- View of windward side of model 4 showing
constant-temperature contours. a = 10°.
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42

MINF = 7.800

ALPHA= 0.000

M= 3.20442E+06 _ _
;2: 3,26227E+02 WATTS/METER(SQ} DEG-K

CONTOUR ToSEC HsWATTS/METER{SQ)-DEG-K H/HS

1 40 1.99574E+02 6.11766E~-01
2 1.00 1.26222E+02 3.,86915E-01
3 2.80 7.54320E¢01 2.31226E~01
4 6.60 4.,91318E+01 1.50606E-01

(b)) Ngg o =~ 3.6 X 10°,

Figure 22,- Continued.



ALPHA= €.000 MINF = 7,950
R/M= 9,84207E+06

HS= 5.73440E+02 WATTS/METER{SQI-DEG~-K

CONTOUR ToSEC H.WATTS/METERISQI-DEG-K

1 290 2.84321E+02
2 2.00 1.90728E+02
5
= X
(c) Npg o~ 6.9 %10,

Figure 22.- Continued.

H/HS
4.95817E-01
3.32604E-01
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ALPHA= (.,000 MINF = T7.900
R/M= 6,1371L7E+C6
HS= 4,41465E+02 WATTS/METER{(SQ)-NEG-K

CONTOUR T.SEC H,WATTS/METER(SQ)-DEG-K H/HS
i 1.20 1.60537E+02 3.63645E-01
2 2.70 1.07C24E+02 2.42430E~-01
3 5,50 7.49865E+01 1.69858E~01
3 6
(@ Ngg .~ 1.12X10°,

Figure 22.- Concluded.



ALPHA= 5.000 MINF = 7.690
R/M= 2.03558E+06
HS= 2.46346E+02 WATTS/METER{SQ)~-DEG-K

0¥

CONTOUR ToSEC HyWATTS/METER(SQ)I-DEG-K H/HS

1 1.00 1.42927E+02 5.80187E-01
2 2.10 9.86288E+01 4.00367TE-01
3 6.00 5.83496E+01 2.36861E-01

() Npg o~ 2.24 X 10°,

Figure 23.- View of windward side of model 4 showing
constant-temperature contours. «a = 50,




46

ALPHA= 5,000 MINF = 7.800
R/iM= 3.,37723E+06
HS= 3,27251E+02 WATTS/METER{SJI-NEG~-K

CONTOUR ToSEC HeWATTS/METER(SQ)I-DEG-K H/HS
1 +60 1.74870E+02 5.34362E-01
2 2.00 9,57804E+¢01 2.92682E-01
3 5,30 5.88375E+01 1.79793€E-01
5
= X
(o) Npg o ~3.8% 10,

Figure 23.- Continued.



ALPHA= 5,000 MINF = 7,900

R/M= 5,86143E+0¢
HS= 4041870E+02 WATTS/METER(SQ)-DEG-K

CONTOUR T,SEC HyWATTS/METER{SQI-DEG-K H/HS
1 «80 1.88889E+#02 4¢27477E-01
2 2050 1.06852E+02 2,41817E-01
3 5650 7.20394E+01 1. 63033E-01
~ 5
(c) NRe,°° 6.7 X 10°,

Figure 23.- Continued.




ALPHA= 5,000 MINF = 7,950
R/M= 9,25557£+06
HS= 5.75577E+02 WATTS/METER(SQI-DEG-K

CONTOUR T,SEC H,WATTS/METER({SQ)-DEG-K
1 70 297206E+02
2 200 1, 715830E+02

(&) Np, ., ~1.04 x 105,

Figure 23.- Concluded,

H/HS
5016362E-01
3. C5484E-01



ALPHA=10,000 MINF = 7,690
R/M= 2.03558E+06
HS= 2,46346E+02 WATTS/METER(SQ)-DEG-K

CONTOUR To,SEC HeWATTS/METER{SQ}I~DEG-K H/HS
1 «60 1.92378E+02 7.80925E-01
2 2,00 1.C537CE+02 4,27730E-01
3 490 6. T3181E+01 2073267E-01
= 5
(2) Npg o, =~ 2.24 X 105,

H

Figure 24.- View of windward side of model 4 showing
constant-temperature contour, « = 10°,




50

ALPHA=10,200 MINF = 7.800
R/M= 3.39739:+06
"HS= 3.27431E+02 WATTS/METERISQ)-DEG-K

CONTOUR T,SEC HyWATTS/METERE(SR)-DEG-K H/HS
1 60 1.68812E+D2 5.15565E-01
2 1.70 1.0628%E+02 3.06291E-01
3 4.10 6.45783E+01 1.972276-01
- 5
(0) Npg o = 3.8 X 105,

Figure 24.- Continued.



ALPHA=1C.000 MINF = 7,900
R/M= 6,13717E+06
HS= 4,41465E¢02 WATTS/METER(SQI-DEG-K

CONTOUR T»SEC HsWATTS/METER{(SQ)-DEG-K H/HS

1 «50 2.5644TE+D2 5.80901E-01
2 2.00 1.28224E¢02 2.90450E-01
3 3.9C 9.18229E+01 2.07996E-01

(©) Npg o = 6.9 X 105,

Figure 24.- Continued.
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ALPHA=10,000 MINF = 7,9
R/M= 9,67021F+06 "220
HS= 5.74016E+02 WATTS/METER{SQ}-DEG-K

CONTOUR T, SEC HeWATTS/METER{SQ)-DEG-K H/HS
1 « 70 3.14226E+02 5.47417E-01
2 1.80 1.95954E+02 3.41375E-01
3 3.80 1.34865E+02 2.34950E~-01
~ 6
(@ Ng, o, ~1.12x10°

Figure 24,- Concluded.



ALPHA= 0.000 MINF = T7.690
R/M= 2.09371E+D6
HS= 2.59040E+02 WATTS/METER(SQ)-DEG-K

CONTOUR T,SEC H,WATTS/METER(SQI-DEG-K H/HS
1 1.60 4.07566E402 1.57337E+050
2 1.80 3.84257E+02 1.48339E+00
3 663D 2.05394E+02 TeG2906E-01

~ 5
(a) Npg .= 2.24 x10°.

Figure 25.- Heat-transfer coefficient over protuberance
on model 4 at a = 0°,




54

ALPHA= 0.000 MINF = 7.800

R/M= 3.29855F+06

HS= 3.28316E+402 WATTS/METER(SQ)I-NEG-K

CONTOUR T,SEC HyWATTS/METER(SQ)-DEG-K

1 2.70 2.88608FE+02
2 5.50 2,02213E+02
~ 3.6 X 10°,
() Npq . = 3.6X10

Figure 25.- Continued,

H/HS
8.79056E-01
6.1591CE-01



ALPHA= 0,000 MINF =  7.9¢90

R/M=

5.86143E+06

HS= 4,.42647E+D2 WATTS/METER{SQ)~-DEG-K

CONTOUR T,SEC H,WATTS/METER(SQ)I-DEG-K H/HS
1 2.60 7.05419E+02 1.59364E+00
2 5.60 4.80662E+02 1.D8588E+)0
3 8.53 3.90143E+402 8.81387E-01
~ 6.5 X 109,
() N e, 6.5 X 10

Figure 25.- Continued.
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ALPHA= G,.00D

R/ M=
HS=

CONTOUR

MINF = 7,950

1.01168E+0D7
5,72441E+02 WATTS/METER(SQI-DEG-K

ToySEC HyWwATTS/METER{ISQI-DEG-K

1 1.3¢ 1.D2743E+03
2 2.00 8.28343E+02
3 4.50 5.52229E402

(d) Ng, . =~1.12x 105,

Figure 25.- Concluded.

H/HS
1. 79483E+00
1.44T704E4+00
F.64692FE~-01



N

4

Aeroshet!
Jjunction

J

ALPHA= 5.000
R/M= 1.88016E+06

HS= 2.46979E+02 WATTS/METER(SQ)}-DEG-K
CONTOUR T,SEC HyWATTS/METFER(SQ)-DEG=K ~

MINF =

7.690

H/HS
1 1.40 1.15228E+402 40 66552E-01
2 4.T0 6.288G60FE+01 2.54633FE-01
3 8,60 4.64916E401 1.88241€E-01
5
a) N = 2.24 X 10°,
( ) I{e,oo

Burble fence

Aeroshell
juncticn

Burble fence

ALPHA= 5,000
R/M= 5.99666E+06
HS= 4.41284F+02 WATTS/METER(SQI-DEG-K
CONTOUR T,SEC HyWATTS/METER(SQ)I-DEG-K H/HS
1 60 24259078402 5.119316-01
2 2.70 laN6493E4+02 2.41327E-01
3 5450 Tetb146F+G1 1.69085E£-01

MINF = T7.900

(©) N, o, = 6.72 X 105,

Agroshell
junction:

HS=

CONTOUR T,SEC Hy WATTS/METER({SQI~DEG-K

]

"ALPHA= 5,000
R/ M=

7803
3.29855E+106

3.2653TE+C2 WATTS/METER(SQI-DEG~K

H/HS
1 1.40 1.07010E8+402 3.2TT12E~01
2 3.70 6.5R247E401 2. 015R4F~01
b N = 3.7 % 109,
( ) I{e’oo
™
¢
Y
Aevoshell
junction
Burkie fence
ALPHA= 5.000 MINF = 7.950
R/M= 1.07896E+07
HS=

CONTOUR T,SEC HoWATTS/METER({SQ) ~DEG-K

1

2
3
4

5.74412E+02 WATTS/METERISQI~DEG—K

HAHS
.70 3.54181E+02 6. 1659BE~01
1.90 2.19323€E+02 3.818B22E~01
3.40 1.67335€+02 2491316E~01
5«70 1.31960E+02 2.29730E~01L
_ 6
(9 Ngg . =1.2% 106

Figure 26.- Constant-temperature contours on model 1,

90o from the windward side. «
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58

Agroshell
junction

4
Burble
fence

ALPHA=10,000 MINF =

7.690

. junction

ALPHA=10.000 MINF = T7.8CC

R/M= 1.96128E+06 R/M= 3.27819E+06
HS= 2.4684T7TE+02 WATTS/METER({SQI-DEG-K HS= 3.34180E+02 WATTS/METER{SOI~DEG—K
CUNTG@R ?ggfc H’WATTf/zggiséff;'nEG'K . 222235_01 CONTOUR T,SEC H,WATTS/METER(SQI-DEG-X  H/HS_
2 1,70 1.0S1N6E+02 4.257956-01 1 '2g f'ézggiziig 2‘Z:;if;:§i
3 2.50 R.66T29E+C1 3.51120E-01 . . Een gerlai
: 30 6.6M875E401 2.6T726E-01 3 2.00 8.46990E+n1 -5345
Do 4.77839E+01 1 o1ss1e-01 & %80 5.4573CE4D] 1.63403E-C1
(a) N = 5 b N = 3.7 x 105,
(a) NRe,w = 2.24 X 10°. (b) Re,e = °

Agroshall
junction

ALPHA=1D2,000
R/M= 5.92840F+05
HS=

MINF =

CONTOUR Ty SEC HyWATTS/METER(SQ)I-DEG~K

1 70 2.08648F+N2
2 1.90C 1.26644E+02
3 4,00 8.72836F+01

; - 5
(¢) N e, " 6.7 X 107,

Burble fence

7.30%

4415768402 WATTS/METER{SQI-DEG~K

Aeroshell
junction

ALPHA=10.000
R/M= 1.04137E+07
HS= 5.72535E+402 WATTS/METER{ SQI-DEG-K

HINF =

7.950

H/Hs CONTQUR T»SEC HaWATTS/METER( SQI-NEG—K HIHS
4.72506E-01 © .70 3.46425F 402 6.015T3E-31
2.B68D0E-C1 5 1.60 2.27R1RE+D2 3.87907E-01
1.97664E-CL 7.70 1.03348E+02 1.P12R3F-01

(@) Npg o= 1.1% 105,
b

Figure 27.- Constant-temperature contours on model 1,

90° from windward side.

a = 10°.



Agroshell
Aeroshell Junction 7
junction

Aeroshel)
junction:

Burbie fence

= 5,000 MINF = T7.690 ALPHA= 5.000 MINF = T7.800
a';;SAZ 2745154'06 R/M= 3,58824F+056 .
HS= 2.1:60545-0-02 WATTS/METER{SQ)-DEG-K HS= 3.27041F+02 WATTS/METER(SQ)~DEG~-K
GONTOUR T,SEC H,WATTS/METER{SQI-DEG-K  H/HS CONTOUR TeSEC HeWATTS/METER(SQI=0EG-K  H/HS
1 .50 2.06564E+02 8.39509E-01 | “4n o 1344TE w2 AN
2 1.70 1.12025€402 4,5528BE-01 3 .8c 155 930F403 o etennE ol
3 3.70 7.59345E+01 3.086106-01 3 1.40 L. lanasrins 2 eRmelE-o1
4 7.30 5.406N3E401 2.19T10E-01 4 6.12 5.46581E401 1.6T129E-01
5
a) Np, . =2.3x10° b) No_ . =4.0x10°,
( ) Re’oo ( ) Re’oo «

Aeroshell~A
junction

Aeroshelt
unction

ALPHA= 5.000 MINE = 7.900 ALPHA= 5,000 MINF = 7.950

R/M= 5.99666E+06 R/M= 1.00020E+07

HS= 4.41284E+02 WATTS/METER(SQ)-DEG-K HS= 5.72B69E+02 WATTS/METER(SQ)-NEG-K

CONTQUR T,SEC HyWATTS/METER(SQO)I-DFG-K  H/HS CONTOUR TS )
1 150 2.42431E+02 5,493776-01 1 :7§C H'W“TTgfgzgfgéjgé-ﬂEG—K L s
2 1.80 1.277726402 2.895476-01 e Jr2uneste0z 5.66104E-01
3 4.90 T.74418E+01 1.754926-01 3 ne 2.21573F 402 ?’iiégéé'gi
(c) N = 6.72 x 105, d N = 1,12 % 106,
) e’oo ( ) Re,oo

Figure 28.- Constant-temperature contours on model 2,
90° from windward side. a = 5°.
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L N

ALPHA=10,000
5.99666E+06
6,42 T779E+02 WATTS/METER({SQ)-DEG~K

CONTOUR T,SEC H,WATTS/METER(SQ)I-DEG-K

R/ M=
HS=

1

2
3
4

ALPHA=10,000
W ‘
MS= 2.45859E402 WATTS/METER(SQ)~DEG-K

CONYOUR T,y SEC H,WATTS/METER(SQ)-NEG~K

Aeroshett ]
Junction

Burble fence

MINF = 7.690

2.10116E+06

H/HS

sl 1.74654F+C2 7.10383E-01
1.97 1.76N11E+402 4.31186E-01
3,97 7.39937E+01 3.,0096QE~-01
6. 00 E.96556E+01 2:42642E-01
7232 5.47836F+01 2.19978E-01
(a) N = 9.4 % 105,
Re,»©

>

Agroshel)
Junction Burble
fence

MINF =

7.900

H/HS

220 3.95262E+02 8.92685E-D1
250 2.49985E+02 5.64583E-01
1,90 1.2824CE+02 2.89625E-01
5,32 T.67824E+01 1.73410£-01
(¢) Nn . =6.7 X109,
[+e]
Re,

Aeroshelt

<

_-junction
\\

ALPHA=10.000
R/M= 3.15007E+C6
HS=

MINF =

CONTOUR T,SEC H,WATTS/METER{SQ)-DEG-K

1 272 2.80970E+402
2 .70 1. S01BSE+C2
3 1.40 1.06197E+C2
4 3.10 To13666E+01

NRe s

Aeroshell
junction

ALPHA=10.000
R/M= 1.05989E+07
HS= 5.73468E+02 WATTS/METER{SQ)-DEG-K

CONTOUR TeSEC HyWATTS/METER(SQ)-DEG-K

1 .20 6.62192E402
2 1.60 2.96141E402
3 2.20 1.99658E+02
4 6.20 1.18933E+02

(@ NRe,°<>

Figure 29.- Constant-temperature contours on model 2,
90° from windward side. a = 10°,

7.800

3.26551E+02 WATTS/METER(SQI-DEG-K

H/HS
8.60417E-01
4,59912E-01
3.25207E~01
2.18546E-)1

= 3.5 % 105,

H/HS
1.15471E+00
5.16404E-01
3.48L60E-01
2.C7393E~01

=1.1 % 105,



ALPHA= 5,.0C0 - MINF = 7,690
R/M= 1.92581E+06
HS= 2.47090FE+02 WATTS/METER(SQ)-DEG-K

CONTOUR T,SEC H,WATTS/METER(SQI-DEG-K H/HS
1 + 30 2.24198E+02 9.07352E-01
2 1.60 9. 703805E+01 3.92895E-D1
3 2,00 6.21813E+01 2.51654E-01
& 7.30 4. 5449T7E+01 1.83940E-01

() Npg . ~2.2X 105,

Figure 30.- View of model 3 showing constant-temperature contour
90° from most windward side. a = 5°.




62

ALPHA= 5.000 MINF =  7.800
R/M= 3,29855E+06
HS= 3.,26537£+02 WATTS/METER(SO)I-DEG~K

CONTOUR T,SEC H,WATTS/METER(SQ)-DEG=K
1 « 40 1.97346E+02
2 4,30 65.01901E+Q1

(B) Npg o ~ 3.7 X 105,

Figure 30.- Continued.

H/ HS
6.04361E-01
1.84328E-01



ALPHA= 5.000 MINF = 7.900
R/M= 5,5T7511E+06 _
HS= 4.43209E+02 WATTS/METER(SO)-PEG-K

NG

CONTQUR ToSEC HyWATTS/METER(SQI-DEG~K  H/HS
1 40 2.79141E+02 6.29818E-01
2 1.80 1.31588E+02 2.96899E-01
3 5.10 7.81750E+01 1.76384E-01
~ 5
(c) NRe,oo 6.3 X 10°,

Figure 30.- Continued.
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ALPHA= 5,000 MINF = 7,950
R/M= 1.,07254E+07 ,
HS= 5,74096E+02 WATTS/METER(SQ)-DEG-K

CONTOUR T,SFC Hy WATTS/MITER(SQI-DEG~K

1 20 6.40731E+02
2 90 3.02043F+02
3 2630 1.883941E+02

H/HS
1.11607E+00
.5.26120E~01
3.29111E-p1

(@ Npe o ~1.2X 106,

Figure 30.- Concluded.



ALPHA=10.000 MINF = 7.690
R/M= 1.94934E+06
HS= 2.46928E+02 WATTS/METER(SQI-DEG-K

CONTOUR TySEC HeyWATTS/METER{SQ)-DEG~K H/HS
1 e 6D 1.757T15E %02 T.11602E-D1
2 1.60 1.CTHLCIEHD? 4.35765E~01
3 3,40 T.38149F+01 2.98933€E-01
4 6o 80 5,2195CFE+01 2:11377E~01
() Np,. . ~2.24 X 10°
Re,m . .

Figure 31.- View of model 3 showing constant-temperature contour
90° from most windward side. « = 5°,
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ALPHA=10.00D MINF = 7.800

R/M= 2.99772E+06
HS= 3.14520E+02 WATTS/METER(SQI-NEG-K

CONTOUR ToSFC HoWATTS/METER(SQ)~DEG-K H/HS
1 .30 2.22239E402 7.06598E~01
2 1.30 1.06760E+02 3,39439E-01
3 2.80 7.27449F+01 2.31289E~01
4 5.70 S5 09R52E+0]1 1.62105E-01

() Npg o ~ 3.4 X 10°,

Figure 31.- Continued.



ALPHA=10,.000 MINF = 7,900

RfM= 5.82842E+D6
HS= 4.42016E+02 WATTS/METER(SQI-DEG-K

CONTOUR T,SEC HyWATTS/METER[SQ)-DEG-K H/HS
1 20 3,7547QE+02 8.49448E-01
2 290 1.75998E+02 4. 00434E-01
3 2.70 1.92190E+02 - 2031191E-C1
& 5.60 7.09571E+01 1.60531E-01

(6) Npg o ~ 6.5 % 10°,

Figure 31.- Continued.
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ALPHA=1D0,,0GE MINF = 7.950
R/iM= 1.04T0TE+Q7
HS= 5,82416F+02 WATTS/METER{SQ)-NEG-K

CONTOUR T,SEC HeWATTS/METER({SQ)-DEG-K

1 « 20 6.23065E402
2 1.00 2.78643E+02
3 3.40 1,51115E+02

H/HS
1.06979E+C0
4,78426E-D1
2,59463E-D1

~ 6
(@ Npg o~ 11X 10,

Figure 31.- Concluded.




ALPHA= 5.000 MINF = 7.690
R/M="2.03558E+06
HMS= 2.46346E402 WATTS/METFR{SOI-DFG-K

CONTOUR T.SEC HeWaTTS/METERISQ)-DEG-K H/HS
1 .50 2.02129E+02 8.20509E-01
2 2.60 8.86396E+0] 3.59817E-01
3 5,94 5.88420E+4D1 2.3885GE-0C1
4 11.30 4.25181E4+01 l.725956-01
~ 5
(a) NRe,°° = 2.2 X 10°,

Figure 32.- View of model 4 showing constant-temperature contour
90° from most windward side. a = 5°.
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ALPHA= 5,000 MINF = T7.800
R/M= 3.37723E+06

HS= 3.27251E+#02 WATTS/METER{SQ)-DEG~K

CONTOUR T,SEC H.NATTS/METER(SO)~DEG—K

H/HS
1 «60 1.74870E+02 5.34362E~01
2 1.70 1.03888E+02 3.17458E-C1
3 5.80 5.62442E+01

1.71869E-01
(b) Npg o~ 3.8 X 10°,

Figure 32.- Continued.



ALPHA= 5,000 MINF = T.9Q0
R/M= 5.86143E+06
HS= 4.41870E+#02 WATTS/METER(SQ)-DEG-K

CONTOUR T,SEC HeWATTS/METER(SQ)}~-DEG-K

H/ HS
1 «50 2.38928E¢02 5.40720E-01
2 1.90 1.22567E+402 2.77383E-01
3 5,20 7.40883E+01

1.67670€E-C1
(©) Ngg o, = 6.7 %10,

Figure 32.- Continued.




ALPHA= $.000 MINF = 7.950
R/M= 9.25557E+06
HS= 5,75577E+02 WATTS/METERIS@) -LEG-K

N

2
3
CONTDUR T,SEC HyhATTS/M&TEK(SQ)‘DEG'K H/HS
1 « 30 4.539G0E+02 7T.88757E-01
2 1.10 2.37T089E+02 4.,11915E-01
3 5.50 1.06029E+02 1.84214E-01
@ N ~ 1.0 x 105,

Re,»

Figure 32.- Concluded.



ALPHA=10.000 MINF = 7,690
RIM= 2,03558E¢06
HS= 2.46346E+02 WATTS/METER(SD)I-NEG-K

CONTQUR ToSEC H.WATTS/METER{SQI-DEG~-K H/HS
1 - 70 1.78107F+02 T.22996E~-01
2 3.40 8.08148E+01 3,28054E-01
3 F.60 4. 80944E+01 1.95231£-01

(a) Npg o ~2.2%105,

Figure 33.- View of model 4 showing constant-temperature contour
90° from most windward side. « = 10°,




ALPHA=10.000 MINF =
R/M= 3,39739E+06

HS= 3.27431E¢02 WATTS/METER(SQ)-DEG~K.

7.800

CONTOUR TsSEC HyWATTS/METER(SQ}-DEG-K

H/HS

1 50 1.84924E+02 5.64T73E-01
2 220 8.81591E+01 2.69245E-01
3 6.40 5.16878E+01 1.57859E-01

(B) Ng, . ~ 3.8 x 105,

Figure 33.- Continued.



ALPHA=1C,COO MINF =  7.900
RiM= 6.1371TE+06
HS= 4.41465E402 WATTS/METER{SQ)-DEG-K

N

CONTOUR ToSEC HeWATTS/METER(SQ)-DESG-K H/HS
1 .60 2.34103E+02 5.30287E-01
2 1.90 1.31555€+02 2.97956E-01
3 7.10 6.80541E+01 1.541556-01"
~ 5
(c) NRe,°° 6.7 X 10°,

Figure 33.- Continued.
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ALPHA=10.0C0 MINF = 7.950
R/M= 9,67021E+06
HS= 5.,74016E+02 WATTS/METER{SII-DEG-K

CONTOUR ToSEC H.WATTS/METER{SQ}~DEG~K H/HS
1 50 3.TLT97E+02 6.477T13E-01
2 1.40 2.22191E+02 3.87083E-01
3 3.00 1.51786E+02 2:564428E-01

~ 6
(@ Ngg o~ 1.1X10°.

Figure 33.- Concluded.
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sl

(a) Model 1. (b) Model 2.

L-71-700

(c) Model 3. (d) Model 4.
Figure 35.- Typical schlieren photographs.

NASA-Langley, 1971 — 33 Li-T864








