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ABSTRACT

The objective of this investigation was to study the flow field
in the immediste vicinity of & finite cone and to compare the results
with analytical values for an irnfinite cone. Pressure distribution
over the surfece of a 70° cone and the general cheracteristics of the
shock wave were investigated, The btests were conducted at five Mach
numbers covering the four regimes of flew., Particular sttention
was given to the conditione at the apex of the cone. The lccations
of the intersection of the sonic line with the surface of the cone
and with the shock weve were determined.

In general the tests demonstrate that at the apex of & finite
cone the pressure and the shock wave angle closely approach the values
pradicted by analyticel methods in the four regimes of flow,

The tesis were conducted in the GALCIT 2.5 Supersonic Wind

Tunnel.
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I, INTRODUCTION

g i AT

The objective of this investigation was tc study the flew field
in the immediste vicinity of a finite cone and to compare the results
with snalytical values for an infirite cone., A previocus investigation
was made by Marschner (Ref. l,. The results of this were inconclusive
for conditicns near the apex of the cone at Mach numbers near the
attachment Mach numbers Alsc, because of the selecticn of the cone
angle, his results were not directly cempareble to the anelytical
solutions by Kopal (Refe 2Jo

This investigatiorn was made on & circular cylinder with & 70°
conicel nose since this was one of the cone angles for which the
tavulsr solution was available in (Ref. 2j. The pressure distribution
over the surfeace of the cone and the general characheristies of the
shock vave et each flow condition were investigateds The lecation of
the points at which the locel Mach number became one, both on the
surfece of the cone and immedietely behind the shock wave, were
determinede Particuler attention was given to conditions close *o
the apex of the cone. This was accomplished by the use of & diameter
for the cylinder just slightly smeller than the blocking size for the
tunnel st the lowest test Mach number, and by the use of a pressure
orifice as clcse as possible to the apex of the cones Five test Mach
numbers were selected in order that the flow cver the cone could be
investigated in all four regimes: deteched shock with subsenic flow

between the shock wave and the cone, attached shock with subscrds flow



between the shock wave and the cone, attached shock with mixed flow
between the shock wave and the cone, and attsched shock with supersonic
flow between the shock wave and the cone, Two of the test Mach numbers
were close to the attschment Mach number, The Mach numbers selected
to cover the four regimes weres 1.49, 1,636, 1,694, 1,8€, and 1.997,
Theoretical results for infinite cones have been tabuleted by

Kopal (Ref. 2). These analytical results show for the 70° infinite

cone thats
Initiel Mach Weve Position Mach Number Surfuace Mach
Number After Shock Number
1,000 ¢ M < 1l.€81 Detached Subsonic Subsonic
Jo681 < M < 1.7€9 Atteched Subsgonic Subsonie
1769 < M < 1.911 Attached Supersonic Subsonic

1,911 < M < & Attached Supersonic Supersonic




I1. EQUIPMENT AND FROCEDURE

The modals used for this investigation were machined from brass

selected was .B

%
o
e
o}

with en apex angle of 70°. The cylinder disue
inches to obtain & size which would furnish the largest conizal surfecs
bub which would not block the tunnel at Mach number of 1.49., A seriss
of eight models were used in order toc make pressure measurements on

the surface of the cone and behind the shoulder. Each model has a
pressurs orifice located on the cone, a3 shown in Fiz. 1. Other than
the location of the pressure orifice the modsls were identical. The

3,

number one orifice was vlaced as closs to the apex &s possibls; the
others wsre spaced over the remnining conical surface and behind the
shouldere.

The wind tunnel usad for the tests was the GALCIT Supsrsonic Wind

Tunnel., The tuunel is of closed throat, rectangular cross-section,

w

ingle return type. The test section is 2.5™ by 2.5". Complete details

£ the tunnel are given in GALCIT publication (Ref. 3). For two of the

(o]

tests, Mach numbers 1.638 and 1.897, fixed nozzle blocks were used,

A flexible nozzle was uszsed to cbbain the other three Mach numberss 1.49,

1.694, and 1.86. A description of the fiexible nozzle and mdjusting

equipment ls outlined in (Ref. 1,. Fach nozzle was calibrated by an

axial static tube. The results of these calibrations are shown in Fig. 2.
Pressure data was measured on each of the eight models at each Mach

nmmber by the use of mercury U-btube manometers. All measurements were

made at zero angle of attack relative to the flow. The zero angle was



determined for each model for every test, The procedure followed for
this was to place the orifice of the model in an up position and
measure the pressure for several angles of attack relative to an
arbitrary zerce The orifice was then pleced in a down position and
the pressures messured at these seme angles, From a plct of these

the zerc angle of attack relative to the flow was determined, A
sample plot of this procedure is shown in Pig, 3. The model wes then
set to this position and the orifice pressure checked with the crifice
in both positions,

With the model at zerc angle of attack, a Schlieren picture was
takeres The orifice pressure, the wind tunnel settling tank stagnatien
pressure, and & representative test section wall orifice pressure were
recordeds Throughout the tests the relative humidity of the tumnel

was maintained between two and four per cent by the dryere



111, RESULTS AND DISCUSSION

In Fige 4 are given the symbols used in the reduction and presene
tation of data. The pressure measurements obtained were reduced to
non=dimensional form, Ps/?o, Pg being the particular orifice pressure
and P,, the stagnatiocn pressure in the settling chamber of the tummele
Fige 5 through 9 show the results for each Mach number of Pg/P, plotted
against s/x. x/% is the distance of the particular orifice from the
apex of the cone divided by the slent distance of the surfece of the
coneo In Fige 10 is & summary of this date, The variation of Ps/?o
for each orifice with Mach number is shown in Fige 1l,

The pressure mesasurements were alsoc reduced to the nonedimensional
form of Ps/?o', P,' being the reservoir pressure behind the shock
weve at the apexs For Mach numbers of 1449 and 1,636 the normal shock
wave relations were used to determine P, 's The oblique shock wave
relations were used to determine P,' for Mach numbers with atteched
shock wave. Fig, 12 through 16 show Ps/?o' plotted against x/s, with
& sumery in Pig. 17, The variastion of Pg/P,' with Mach number is
shovn in Fig, 18,

The Schlieren negatives were projected and the wave angles
measured at various stations from the centerline of the cones 1In
Fige 19 the shock wave pattern is shown six times actusl size. In
Figs. 20 through 24 is plotted the variation of the wave angle, 69“”
with Y/D, Y being the distance from the centerline of the cone and D,

the cylinder diameter. From the angles the Mach number, M,, behind
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the wave was computed by the oblique shock wave theory and plotted.
A summary of Qw and Mz is shown in Figs. 25 and 26.

For the Mach numbers of 1l.49 and 1,636, the stagnation pressures
behind the shock were computed from the normal shock relationse These
were plotted in Figs. 5 and 6. It is seen from the test data that the
surface pressures for these twe ecases increase toward the apex of the
cone and tend to appromch the stagnation pressure. From the stegnation
pressure behind the shock, the pressure for M = 1 was computed and
plotted at x/% = 1 in the figures, The tests show reascnable agreement
with these snalyticsl values,

From Kopal (Ref. 2, a theoretical curve of Ps/?o with Mach number
for the 70° infinite cone wes made in Fige 27. The values of P /P, for
M= 1,694, 1,86, and 1,997 from this curve were plotted in Figs. 7, 8,
and 9¢ In esch case tle test results show thet the surfece pressure
closzely approached the analytical values at the apex of the cone. From
Po' the value of Ps/?o for M = 1 was computed and pletted for M = 1,694
and 1¢86, At M = 1,694 it appears that a local Mach number of one is
reached at an x/é of ¢275. At M = 1,86 this value is reached at an
x/s of 5. These tests indicate that the point, at which the local
Mach number reached one, moves down the surface of the cone from the
shoulder toward the apex as the Mach number increases, until the whole
region is supersonic. Using the Prandtl-Meyer expansion relations, the
pressure at the shoulder of the cone was computed and plotted In Fige 9
for ¥ = 1,037,

In Figs. 21 and 22 is shown the fact that the shock angle approsches

the normal shock at the centerline of the cong for the detached casese



M, reachsd one at a Y/D of .95 for M = 1,49, and at o33 for M = 1,536,
& theorstisal curve of the shock wave angle, é?w, with Mach number
for the 70° infinite cone was drawn in Fig, 28 from (Ref. 2J¢ These
values for the three attached shock waves were plotted in Figs. 23,
24, and 25, From these it is seen that the msasurasd wave angle at the
apex was in close agrsement with the amalytical results., For the test
Mach number of 1,694, M, equaled 1 at a Y/D of +57. For the Mach
nunbers of 1.86 and 1.997, Mz was at all points supsrsoanize In Figse
29 through 35 are representative Schlieren photographs taken during
the tests,

The rasults of these tests ars in agresment with the results
obtained in (Ref. 1). The patterus of the pressurs distridution
curves sxhibit the same general characteristics. In both there is
a gradual decrsase in the slope and lowering of the pressure curves
for both the detached and thc attachsd conditions, with an increase
in Yech numbers.

Within the scope of this investigation, the results indicate
that the pressure and shock wave angle at the apex of the 70° Finite
sone clogely approach the analytical rssults for the 70% infinits
cone, The conditions near the reglon of the attachment Mach number
which were open to question from the results obtained in (Refo. 1)
now appear to follow the detached condition until the attachment Mach
number is reachsd. After attachmen®, the analytical conleal flow

solution presdicts the apex conditionse.



IVe. CONCLUSIONS

In general the tests demonstrate that the surface pressure
and the shock wave angle closely approach the values predicted by
the analytical methods in the four regimes of flow only at the apex
of a finite cone. For the mixed flow regimes, that is when the
Mech number behind the shock wave at some point was less than one,
the flow i3 nonwconicals, When the Mach number behind the shock is
greater than one, the flow is practically conical,

By extsnsion, it is therefore indicated that the analytical

rezults obbained from (Ref. 2, for flow conditions other than

thoss tested would be in reasonable agreement with test results,
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SAMPLE CAICULATIONS

A, Determination of M

Detas

g “Po ?A ?4 ‘PA ‘»Ps Py Baro

B/8"  102.5 99,2 132,65 70.35 63,30 5,34 74,70

P, 102.6 P, 132,65
P, 99.2 Py 70035
3.4 62430
Baro  74.7 Baro 74,70
o4 62430
P, = 71,3 Py = 12,40
P, 12.4
o = TTT = 61739
P, 71.3 o178
02188 (Py = P, ) 02138 (58.4 = 63.3)
= = = ,01504
P, 71.3
ﬁF’S
- = L1739 = D130 = + 1573
?0

M = 1,350



Be Determinmtion

Datas

of Angle of Atteck

Rel. Angle By Py AP
Hole up s 112,70 92,10 20,80
Hole up 1;’3 Elzagg 91;85 21005
Hole down 0 112.9C 9185 21605
Hole dowm 1.0 112,585 92,15 20,50

Ce Determination

& g4 o
of P /P s U= 1,36

Datae
Run Model ?o ?ﬁ Baro ?% ?h Eg ?é T
82 3 102,85 99.15 74.38 121.8 81ls8 75,45 13,35 23.%
?@ 102,68 ?s 121.8
Py 99,15 P, 8l.8
Ze50 39,8
Baro 74,58 Baro 74.58
3.50 398
?0 = 71.3%8 ?s = 35,08
.. 25,08
P/P, = === = L4915




Do Determination of Py/P,'; M = 1,86

265 .
fﬁ:(stzsnzg »é) 2 sin® e +1)|%°
o' 244 1.2 W2 sin? 6 o
2 2{ Ss)gisinz 5802 )5
= 1,108
Ps = Ps %
?;g ?Si * ?gi = 4491 x 1,108 = ,B4d

Be Determination of ¥ ¥ 1 on cone

P P
— - “ 0 — «528 .
(PG )H =, ¥ T.ios ~ 77

Fo Determination of P,/P, (Kopal theorstical)

P P P P
8 W 1
Py B B Py
Py
; = 1.,14785 x 2,74 x 1,88 = (497

(&}
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Fig' 29%a

M= 1,49

Fig. 29b

M= 1,49
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Fige 30a

M= 1,636

Fige 30b

M= 1,636
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Fig. 32e

M=1,6%

M = 1,694
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Fign 34a

M=1.86

Fig, 34b

M= 1,86



M = 1,997

M=1.997



