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Sumnary

Using the Galcit 2% inch Supersonic Tunnel eguipnent, surface
pressure measurements were taken on cylindrical models with cone-
shaped noses. The tetal included angle of the cones was 75° . The
Mach number range covered was from l.41 to 1.99 which for 75° cones
covers most of the range from detached to attached shock waves.
Stegnation pressure measurements were also ftaken by means of blunt

cylinérical models.

< 0 > S 3 ° -t
Schlieren pictures were taken of the 75 cones and blunt models

throughout the velocity range. Additional pictures of shock waves
' tnd o o 0 L3 -
of 45 4 60 and 90 cones at some of the vwelocities used were also
obtained. TFrom the Schlieren pictures the traces of the shock
waves were obtained and plotted on graph paper. Shock wave angles
ve. distance from the model centerlines are alsc presented as well

as the distribution of "M,", the Mach number directly behind the wave.
Appendix #1 shows "Blocking" data for the 2% inch Galcit Tunnel.

Hand adjusted flexible nozzle walls were used for most of the
work. OSatisfactory flow through the tumnel was obtained with these
nozzle blocks. However, design improvements are possible and Appen-
dix #2 recapitulates the problems encountered and offers suggestions

for future use.
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Introduction

The problems of supersonic flow at or below the speed of
attachment to conically shaped bodies have been and are being
attacked tﬁeoreticallye Extensive treatments above the speed of
attachinent have been made but again mostly from a thecretical
approach. To complement the theory it has become apparent that
experimental data is necessary for the detached shock wave studies.
The data presented here for detached shock waves is the result of
an effort to supply basic information needed to close the gap

between theory and experiment.

A secondary objective was to determine the feasibility of
using a simple flexible neozzle for similar future studieg in the
Galcit 23" Supersonic Tumnel. Blocking data for this tunnel was
also obtained for agll of the Mach numbers used to obtain the

pressure datla.



Descrintion of Test Facilities

The tunnel used was the Galcit 23" x 2 9/16"Supersonic Tunnel.
Two flexible nozzle blocks were used (Fig. #1 and #2) which are ad-
justable by means of hand screws. To adjust the blocks o the desired
contour, a small surface plate (see Fig. #3) with its length equal
to the length of the blocks was set up on the tumnel frame next to
the bleocks. A sliding dial gage straddled the surface plate, the
distance parallel to the tunmnel axis being measured by a steel scale
attached to the side of the surface plate. The vertical position
ofkthe nozzle walls was indicated on the dial gage by means of the
Qverhanging arm as sghown in Figuré #3. The figure shows the dial
gage set up to read the’loﬁef nezzle block wall loéation. To read
’the positicn of the upper nozzle block, the dial gage holder is rota-

ted sideweys 180° so that the upper saddle rides on the surface plate.

The models used (for pressure model details, see Fig. §) were
circular in cross section with conically shaped noses. Except for
the blocking modelg, the cylindrical sections were all 0.250 inches
in diameter. The total included cone angles were 45’, 60°, 75°,
90° and 1800. Blocking models were 60 cones with cy;indrical disme—
ters ranging from 0.250 to 0.812 inches in increments of 0.062 inches.
A11 of the surface pressure measurements were made with 75°cones
except stagnation pressures, for which the 180° model was used. It
was found that with models of 0.250 inchesg in diameter, the tunnel

could not be operated much below M = 1.4 without having the blocking
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Descrintion of Test Facilities — Cont.

phenomenon leke place. Therefore, to produce & shock wave which
was detached reasconably far enough from the model, a cone angle as

o
large as 75 was necessary.

one 0,013 inch diameter surface pressure tap hole was used
pér'model. The pressure lines ran back through the base of the
models, through the stinger and out to the manometer board. Five
different pressure holes were located along the surface of the
cones and two were located behind the line of intersection of cylin-
der and cone (see Fig. #5). Pressure tight joints of model to
stinger were obltained sim@ly by a small application of non-hardening
"Permatex" cement to the threads. ilercury and acetylene tetrabromide

manomevers were used to measure pressures.

The standard Schlieren system and photographic equipment built
” . . s X -6
for this tunnel were used. Photographic exposure time was 3 x 10

seconds on "Ansco Triple S Pan" film.

It was not possible to operate the tunnel at a relative humid-
ity less than approximately 21%. However, the humidity did not change
from that figure appreciably at any time. The difficulty apparently

was that the drying material in the tunnel air-dryer was “worn-—outf.



Testing Procedures

The nozzle expansion shapes were drawn by means of the graphical
method described in reference #L. For boundary layer corrections
linear divergences of 0.0013 to 0.004 inches/inch were used. Some
experimentation was necessary in each case to gsecure the correct
configuration. A Hach number variaticnlin the test section of less
than 1% was maintained. See figure #4 for an example of the Mach
number variation in the test section. The velocity distribution
was obtained by measuring pressures at the two flexible walls and
also down the tunnel centerline. Centerline data was obtained by
means of a hyperdermic tube suspended in the tununel from supports

at the upstream and downstream ends of the nozzle.

1t was found that due to slight differences in direction of
threads, clearances, etc., all of the medels did not screw onto
the stinger at ewactly the same angle of atback. To overcome this,
each model was mounted once with the pressure hole on top and once
with it on the bottom. For each of these two positions the angle
of attack was varied and pressures recorded at three or four
different angles. Then, by plotting pressures vs. angles to get
the intersectlon of the two curves, the exact zerc angle of attack
pressure was obtained. Since each model had only one pressure

hole, this procedure had toc be repeated for each model.

To increase the accuracy of the manometer readings, the follow-

ing procedure was followed: A convenient wall pressure, "p,.',



Testing Procedures — Conts

was'chosen and read against the atmosphere on a mercury menometer.
Since the difference here was large, the accuracy was good. The
stagnation pressure, "p,", was read against the atmosphere on an
acetylene tetrabramide manomneter. Py VS« "p,", the pressure on the
surface of the cone were also read on an acetylene tetrabromide
menometer. Then, in any cne series of pressure runs at least

15 readings of p, and P, Were taken and a very accurate value of
pw/fbcould be obtained. The desired ratio px/ﬁbcould then be

obtained from the relation:

A1l of the manomebers used could be read to 0.5 mm.



Tegt Regults

The following notations were used to represent the datas

p, = abs. pressure at location being investigated.
p, = stagnation pressure before the shock wave.
P, = stagnaticn pressure after the shock wave.

S - distance of shock wave ahead of model.

6y = angle of shock wave to horizontal.

D -~ model diemeter.
Il or M, - Mach number before shock wave.

iﬂz - Mach number after shock wave.

J . ' §
x'y %, v, S are defined on Fig. #5.

HModels were tested at Mach numbers of l.41, 1.49, 1.58,
1.7, 1.83 and 1.99. Examination of Fig. #65 indicates what the
theoretical conditions are on the cone. This figure was obtained
for the 75° cone by cross ploﬁting data obtained from Reference
#2. TFrom this figure, then, the Mach number at which the shock
wave attaches to the cone is 1.80. The ffee stream Mach number
at which the Mach number behind the cone is unity is L.93.  The
free stream Mach number at which the surface of the cone is first
supersonic is M = 2.07. Therefore, the data herein presented
covers the range from completely detached conditions to attached
cénditions with subsonic flow on theVCOne surface. The flexible
nozzle blocks were used to obtain all the above-menticned Mach

numbers except for M = 1L.99 for which s solid steel block was used.



Teat Results — Conte

The method of drawing the pressure curves of Figs. #6 to #21
needs some explanation. For M = 1.41, 1.49, 1.58 and 1.71 the
pé value used to obltain the px/p; curves is that obtained from the
normel shock wave relations. For M = 1.41 and 1.49, an inspection
of Figs. #23, #2/ and #5/ shows that the shock wave angle at the cone
axig ls very near 900. Therefore, it was assumed that for these
two velocibty conditions, the cone nose pressure was egual to that
obtained from the normal shock wave relations. Uging this nose
pressure the corresponding px/p; curves were dash-faired from the

nose to the first experimental point.

For the two highest Mach numbers, 1.83 and 1.99, the p, used

7
o
was that’obtained from obligue sheock wave relations. The wave in-
clination used can be read from the observed wave angle plots or
directly from Fig. #65 since the two check very closely. For these
two Mach numbers the nese pressures were faired in as if conical
conditions existed there. This was felt to be a justifiable pro-

cedure since surface pressures calculated in the M.I.T. Report

(Ref. #2) are in close agreement with those observed.

Neither the M = 1.58 nor I = 1.71 pressure ratio curves were
faired to the nose since it was felt that neither of the afore-—
menbioned arguments used for the two lowest and two highest velocity

conditions were applicable.



Test:Results — Cont,

Using p, as outlined above, the variation of px/p, With
Hach number has a discontinuity at the attachment Mach number.
This ig brought out in Fig. #2l. Since there is considerable un-
certainty about this methed of calculating p;, the region of

discontinuity is shown dashed in Fig. #21.

Fig. #22 shows the po /@o vs. Hlach number comparison of theoret-
R . ) .
ical to experimental. The p,$ here are for normal shock waves since

the pressures were measured with the blunt model.

Schlieren pictures taken during the rung are presentved on Fige.
#23 to #39. These pictures were enlarged approximetely 6% times for
purposes of measurement of distances and vave angles; The accuracy
+

of the wave angle measurements is approximately = 1 degrees. From

. 9
i

the measured wave angles the calculated Mach number M, could be

obtained. Swiand My vse y/D are presented on Fig. #40 to Fig. #53.

For reference purposes shock wave traces have been plotted
on Figs. #54 to #58. Traces at 1l.71, 1.83 and 1.99 are shown for
e - R [2] [-] I3 L] <] ;
all five of the cones used, i.e. 45 , 60 , 75 , 90 , 180 . Com-—

plete sets of pichures at the three lower Mach numbers were not

taken and are therefore not shown.

For the 75  cone and the blunt model curves of S /D vs. M,
and vertical location on the shock wave of the MZ-z 1.00 point

are also shown.



Conclusions

Examination of the summary curves of pressure distribution
vs. position on the cone shows a gradual rotation of the curves
counter—-clockwise, il.e., bhe pressure becomes more nearly constant
on the cone's surface. Below the speed of attachment the pressure
ratio 1s high at the nose and drops off as the corner, i.e., the
intersection of cone and cylinder is approached. The location of
the sonic line on the surface of the cone is indicated from this
data for detached conditiens to be in the’iﬁmediate vicinity of the
corner. This sonic line location for detached shock wave cases in

in agreement with previocusly reported results (Ref. 4).

Of interest, in this regard, is the location of M = 1.00
directly behind the shock waves (Fig. #61). This data, plus the
fact that sonic velocity occurs at the corner for detached condi-

tions ives a portion of the subsonic region boumndary.
3 i

Investigations of pressures at conditions of free stream flow
above M= 2.07 would have been desirable here but were not done due
to lack of time. As mentioned in the "Test Results" section of this
report, above Ii,= R.07 would theoretically give supersonic flow on

the cone surface.

. , . : f .
The comparison of the experimental p, /po to theoretical shows
excellent agreement. The maximum devietion from theoretical occurred

at My = 1.83 where a deviation of only 25% occurred.

On Fig. #59, S'/D vs. M; was plotted in an attempt to check
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Conclusion — Cont.

the thecretical speed of attachment which equals I, = 1.80 (Ref.
42 and #3, and Fig. #65). The points obtained show considerable
scatter and a definibte conclusion canznot be reached. However; no
radical deviation from theory is apparent and the data roughly
checks it. The scatter in the points is due to the difficulty

of accurstely measuring very small distances from photographs.

An examination of the shock wave iraces checks one conclusion
also arrived at from the pressure ratio curves. Thalt is, on the
cone's surface back of the nose region; the transition from de-
tached to attached shock waves takes place in a smooth and grad—
uval manner. The pressures directly at the nose could, as was
mentioned previously, only be estimated. PFProcurement of values at

this point could be cne of the objectives of future investigations.
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APPENDIX #1

Blocking Data

Figure #6/ graphically shows the results of the blocking
tests. The one dimensional curve is shown for comparison.
This was calculated by means of the relation;

* - 3%

Pio A, =Py Aa

throat eguivalent reservoir pressure

i

where, B,

P;o = test section eguivalent reserveoir pressure

Af ~ throat area

A#

2 test section area - model area

il

This relation was cbtained assuming the section at the
model is the second throat and that a normal shock is standing

ahead of the model.

1t was found that by building up pressure on one side of
the tunnel and suddeniy releasing it to give a large initial
pressure difference across the nozzle a flow could be sustained
past a larger model than was possible otherwise. This pro-
cedure was used to obtain the data shown. Table I tabulates the
data. Two views illustrating btypical blocking behavior are

shown on Figures #62 and #63.
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TABLE T
BLOCKING DATA

GALCIT 23" x 2 9/16" SUPERSONIC TUNNEL

Test Ares llodel Dia. Hodel Area AA
__liach No. (In2) (In.} (In?) "5
1.41 6.31 <500 <196 0311
1.49 6.41 562 e R4LE 0387
1.58 6.43 - .625 « 307 0478
1.7 6.39 750 o4l 2 06592

1.83 6.35 812 .518 0815
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APPENDIX #2

Comuentary on the Flexible Hozzle

The flexible nozzle as used for this work was not altogether
gsatisfactory and it is felt thet design improvements should be
incorporated if further use of it is attemplted. The nozzles used
were salvaged from some older nozzles and as & result, the jac%s
extend only to a point 33" away from the dowmstirean end. OFf this

distance 23" is made up of a fixed block (see Sketch #1).

- - & TunNEL
=
Doy STHEANY END
OF TUNNEL ! /-—Fl.zmus WAL,
! 3
\;\ — \é R | 7
oL/D Lock
\ M AN MY //
\ J,777 %777 77 >
\S /
Dy FiRST JACK
re——— 25— '
16 |

Sketeh #1

This block is at present necegsary for purposes of assembly.
Removal of a screw allows the block to be slid out sideways.
Fnough space ig then available to skew the nczzle sideways to
pull it out. The Junction of block and wall also serves as an
expangion jJoint to allow for the longitudinal movement which
occurs when the nozzle shape is changed. The end of the stinger

1so occurs at 25" from the downsiream end and a model mounted
directly on the stinger is thus only a small distence ahead of

the blocke. The a1¢ficulty with the block is that no boundary
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layer correcticn can be incorporated in that sectiocn. This made
itself consistently apparent in the velocity survéy and produced a
decrease in Meach number in that region as is illustrated in Sketch

#2+ To eliminate this condition at least twe more jacks need to be

incorporated into the design in place of the solid block.

Mpcy Ao,

Yawsarson
JUNNE,
- % et g 4/ "é‘ Mo
| T M
2 B
Ve
7 -
,; /Q ANONN NN \\\\g
NS D ¥ FIRST JACK

|

Sketch #2

Sealing between the flexible walls aﬁd the vertical tunnel
walls was very satisfactory using the design illustrated in
Figure #l. However, the "Plicbond® cement used to cement tie
rubber seal to the metal walls does have the one disadvantagé of
requiring several days to cure which causes considersble delay

when repairs are necessary.

The flexible wall thickness now being used is 0.031 inches. The
material is phosphor bronze. The stiffness of this well is not suffi-
cient to completely eliminate waviness. Small dips of the order of

0.005 to 0.010 inches were present. This waviness is enough to cause
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Aopendix #2--Cont.

noticeable disturbances in the flow especially at the higher Mach
numbers. With patience and considerable experimentation, it is
possible to obtain wniform conditions. However, this is a time-
consuming and undependable process. It is felt that a wall-thickness
of at least 0.050 inches would be more desirable. The thickness
would, of course, be limited to that which would still allow the

wall to be bent by means of hand-actuated jack screws.

The jacking system itself might reguire some redesign to
accommodate a heavier plate. With the present plate considerable
delays were caused by cross—arm guldes pulling away from the wall.
These guides are attached with soft sclder and hence camnot with-
stand much stress. ©Soldering is itself not a good method of attach-
ment since the heat tends to warp the plate. Another disadvan-
tage 1s that attempts to resclder the guides with the rubber seals‘
attached to the walls tends to loogsen the seals which in turn
means mere delay while recementing them. A more posiﬁive means of
attachment can be and should be used to aveid delays in the future

such as were experienced while taking data for this thesis.



7

PHS
G RAE




Fig. Ho.

16.
17.

18.

18

LIST OF FIGURES

subject

Assembly Drawing of the Flexible Nozzle

General. View of the Flexible Nozzle

The Nozzle Calibration Device

A Representative Nozzle Axial Calibration

Model Dimensions and Orifice Locations

Plot of
Plot of
Plot of
Plot of
Plot of
Plot of
Summary

Plot of

‘Plot pf

Plot of
Plot of
Plot of
Plot of
Plot of
Summary
Plot of

Plot of

Px/Dy VSe
Px /Dy VS
/B,
;&/@g VS
P, /B, Vs.

Dy /Dy VSe

VSe

x'/s
X/s

XY/

for
for
for
X/S for
for

X/ for

75° cone, il
75 ° cone, }l
75 ° cone, M
75° cone i

75° cone, I

75 % cone, i

it

141
1.49
1.58
.74
1.83

1.99

Plot of p/p, vs. x/s for 75° cone

Px/Pe VS. Hach number for each Orifice

Px/Pg VS-
B, /p, vs.
Dy/D. VS
0, /0] vs.
/D, V8.

px/p,} VS,

X/S for 75° cone, il = 1.41

/S
xX/S
x/s
x/s

xS

for

for

for

75° cone, i

75° cone i
; 3

75 % cone, I

[ 4 1
757 cone,ll

i1

!

It

for ‘75'cone,ﬁ% = 1.49

1.58
1.71
1083

1.99

4
o & e
Plot of py/p, vs. %/S for 75 cene

Px/P, vS. lach Number for Each Orifice

+ an . R« 3 et ]
po/po vs. Mach Number for Experimental and

Caleculated

)
e

™
0

3
-



List of Figures - Cont.

fige. No. . Subiect Page No.
23. Schlieren Picture of ’75o cone at M = 1.41 42
2o Schlieren Picture of 75° cone at i = 1.49 42
25. Schlieren Picture of 75° cone at i = 1.58 43
26. Schlieren Picture of 75 ° cone at M -~ 1.71 43
27. Schlieren Picture of 75 ° cone at I = 1.83 Ll
28. Schlieren Picture of 75 ° cone at I = 1.99 4l
9. Schlieren Picture of Blunt Cylindsr at i = 141 .5
30, Schlieren Picture of Blunt Cylinder at M = 1.49 L5
31. Schlieren Picture of Blumt Cylinder at M = 1.58 46
32. Schlieren Picture of Blunt Cylinder at M — 1.71 46
33, Sehlieren Picture of Blunt Cylinder at Il = 1.83 47
34 Schlieren Picture of Blunt Cylinder at M = 1.99 47
35. Schlieren Picture of 450 cone afo M= 1.71 48
36. Schlieren Picture of 60  cone at M = 1.71 48
37, Schlieren Picture of 75 ° cone at M = 1.71 49
38. Schilieren Picture of 90 ° cone at i = 1.71 49
39. Schlieren Picture of Blunt Cylinder at M - 1.71 50
40. Wave Angle and M, vs. y/D for 75  cone at il = 1.41 51
41, Wiave Angle and i, vs. y/D for 75° cone at M = 1.49 52
42 Weve Angle and M, vs. y/D for 75° cone at M - 1.58 53
43 Wave Angle and My vs. y/D for 75° cone at M - 1.71 ,‘ 5/,
Lilee Wave Angle and My vs. y/D for 75° cone at M - 1.83 55
45. Wave Angle and Mg vs. y/D for 75° cone at M — 1.99 56



List of Figures ~ Cont.

Fig. Hlo.

46.
47

48@

49 ‘.

5%.
524

53
54,0
55
564
57
58.
59
60,

61,

62.

e

65,

Test Section Blocking Area

Calculated Results from Kopal Report

Subject - Page No.

Sumnery of i, ve. y/D for 75 cone 57

VWiave Angle and M, vs. y/D for Blunt Cylinder

at ¥ = 141 o 58

Wave Angle and M, vs. y/D for Blunt Cylinder ‘

at M = 1.49 ‘ 59

Wave Angle and i, vs. y/D\ for Blunt Cylinder

at 1.58 60

Wave Angle and M, vs. y/D for Blunt Cylinder

at i = 1.71 | 61

Wave Angle and M, vs. y/D for Blunt Cylinder

at M = 1.83° : ' 62

Wave Angle and M, vs. y/D for Blunt Cylinder

at 1 = 1.99 , 63
| Summary of M, vs. y/D for Blunt Cylinder - 64

Shock Wave Trace of 750 cone 65

Shock Wave Trace of Blunt Cylinder 66

Shock Wave Trace for Five Cones at ¥ = 1.71 &7

Shock Wave Trace for Five Cones at U = 1.83 63

Shock Wave Trace for Five Ccnes at M = 1.99 69
" Detachment, Distance S'/D vs. M for 75 ° cone 70

Detachment Distance 8°/D vs. M for Blunt Cylinder 71

Vertical Location of M, = 1.00 for 75" cone and

Blunt Cylinder T2
Schlieren Picture of Flow Priocr to Blocking

at M= 1.58 73

Schiieren Picture of Flow with Blockage at M =

1.58 ‘ 73



94 -0% -5 w\:w

SY0Tg JTZZON T1eat] —
40

ATGWISSY cdlyigoNvisS —
51T V=< spas nmodaiod, 7
| °ol4 | | | L v M3
g ! | | _ Do G
9 9 1 999 9 9 9 9 ¥ 9 v qf v Jﬁ d_f\aw baﬂ o q o aw v . ,ﬁ A Lo A
Qs = = 1 i H v i 4
.“h g Q\h _ d TIIIS T T I ITT AT Z AT Z T 77 \\\_ S IR i W _F\\w_r,\ 22,7 .:\x_wlx \w_v\r\ i%\m v 7477 gATLTITT Lwlﬂl el
7=Vl =Y 1 o T A e e S e i
.9, 3dA1 Lo, AdAL Syovp zZ PAT TS S gy _ ﬂh %m W‘\\m‘\w\« 777 ¥ !
2 |ez | i
_ . o ) _ ~ = < , .V«I
: SV - | -
g-g NOILI3S Y-y NOIL33g | I N IpknL ¥ |
‘wid 9 do b , ™ - -- - - S e B o ]
QvaH MII>S dITINNY | | L R~
* m v ﬁ NNTllelv
Nid wia 3 - — ONINOVd | Lo AP, N
i INISVES T 9 SOV @ TheTt SNIVIS By & IV Gl
] 1 2 - "
L SYOVP ¥?
il aviH ol 7 777,
‘MIYOS = AL ) - - 91
I I g 22
BN mmﬁdom\ » % aiiLe sl £z
] P = ; og ~ S
><3>mx|/r_ | MY — \\\A\ N h\ /3NIv3g
| - S .\\_._ b , |
Il IAIAIL) A i I , SR AR AR
/ y JR QUG AN N S I U, 1 — i — ! ! ' !
s s L il i R S L ER R e o o e A AL
| 7 T - S — = B P _ TV\ﬁ o : T T Hy -4
T | 2 i R G PUNN T Ry o 000 0 A S
_ FEger - B RIS PO S S S e S L C s i
ey & £ S el Lﬁ ‘ ﬁ = | — 4= ﬂ , PiJ ﬁhrq .
3 M < + a !
Lm_ . 2 N_ ” / 7 oNIgnL ¥3g8ny WN9 @08 % )
RN i = TIVM \/ INIWTD ,anogotld, HLIM vior a3y3ates Cimep ding
M.T | i< ZNOME ' L 45y 1\ SHINIS ONITVIS
-~ F ™ _ [ YOHd SOHd ' 4388nY Wno 9| .2
—g g0’ T

35vd

4IVM oL ¥3a70S
43AT0H AV | SSOND

- 4vg SSO¥)>




Fig. 3--The Nozzle Calibration
Device
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PAGE 42

Fig. 23--Schlieren Picture of 75° cone at
N]. = 1'4.-1

Fig. 24--Schlieren Picture of 75° cone at
M = 1.49
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TR e

Fig. 25-—Schlieren Picture of 75° cone at
M= 1.58
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29606

' Fig. 26—-Schlieren Picture of 75° cone at
M=1.71




pPace 44

Fig. 27-—Schlieren Picture of 75° cone at
E‘JI = 1.83

Fig. 28--Schlieren Picture of 75° cone at
M= 1.99



PAGE 45

Fig. 29--Schlieren Picture of Blunt Cylinder at
le.zﬂl

Fig. 30--Schlieren Picture of Blunt Cylinder at
M = 1049




2957

Fig. 31--Schlieren Picture of Blunt Cylinder at
— 1.58

Fig. 32--Schlieren Picture of Blunt Cylinder at
M= 1.71
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¥Fig. 33—-Schlieren Picture of Blunt Cylinder at
1 M =1.83

Fig. 34—-5chlieren Picture of Blunt Cylinder at
M= 1.99
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S 2T

Fig. 35--Schlieren \Picture of 45 cone at
B =\1.71

Fig. 36——Schlieren Picture of 60 ° cone at
M = }.-73;
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Fig. 37--Schlieren Picture of 75° cone at
M- 1.71

2969
Fig. 38--Schlieren Picture of 90 cone at
M= 1.71




PAGE 50

Fig. 39--Schlieren Picture of Blunt Cylinder at
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PAGE

F

ig. 62--Schlieren Picture of Flow Prior to Blocking at
M=-1.58

Fig. 63--Schlieren Picture of Flow with Blockage at

%3
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