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study Is sponsored by the Aeronautjcal Research Laboratory, Wright

Alr Development Divislon, under Contract Af 33(616)=7629, “Research
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at Hypersonlc Speeds", wlth Capt. W, W. Wells and Col. A. Boreske as
consecutive projJect officers.

The author would |lke to gratefully acknowledge the advice and

help recelved from Prof., S, M. Bogdonoff during the course of
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ABSTRACT

An experimental Investigatlion has been made of the pressure
dlstributions on a set of cone-models Incorporating annular cavities,
This study Is the flrst part of a program which Includes measurements
of recovery factor and heat-transfer distributlons, The cone-surface
Mach number was 6.5, and all cavity flows were "open',

The results Indlcate that a regime of laminar, open cavlty

flow exlsts at hypersonic Mach number %hlch Is characterlzed by the

property that the cavity floor pressureé is virtually constant,

Rocompression Is confined to the last (0§ of the cavity near the

reattachment polnt,
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Subscripts:

c,cone
. Gr

NOTATION

Maximum depth of cavity
Length of cavity

Length of model surface before separatlion shoulder,
measured along slant side of cone

Mach number
Mach number on dividing streamline
Pressure

Reynolds number based on fluld propertles
at the edge of the boundary layer on ‘the basic cone

Velocity In x.direction
Ratlé of u to veloclty at edge of shear layer

Distance measured from nose along slant slde
of baslc cone

Distance parameter deflined in text
Boundary layer thlckness

Ratlo of speclflc heats

Mass density

Viscoslty coefficlent

Values on baslc cone

"Critlical" value

Condltions at edge of boundary or shear layer
Isentroplic stagnation condltions

Reattachment shoulder

Cavity floor at beginning of reattachment
corner radius

Fosition of last pressure oriflce In cavity
before reattachment shoulder

Separation shoulder
Cavlty floor at end of separation corner radius

Free~stream conditlons
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Separated flows at supersonic and hypersonic Mach numbers have
been the subject of many experimental and theoretical Investigations -
during the past decade, The Increasing attention paild to these flows Is
dus partly to their very widespread occurrence, and partly to the extreme
modlflcatlons of the pressure and heat~transfer distributions which are
produced In a flow conflguration by a s¢parated reglon.

At the Gas Dynamlcs Lab&r;ivry of Princeton University, a general
program of research Inte varlous types of separaled flow has been In prograss k”.
for some tlme. The present work ls an Interim report on one aspect of thls ?iv
program == the study of lamlnar, hypersonlc cavity flows, Besldes being a
logical part of the framework of the maln research program, this Investiga-
tion was motivated In particular by the work of Chapmeir and hls co-workers
at the Ames Research Center. In Ref. |, |1+ was shown that the separated
laminar layer Is surprisingly stable at higher Mach numbers, and in hyper-
sonlc flow the free laminar layer can be almost as stable §5|an attached
laminar boundary layer. As & result, the separated laminar layer, which
at lower Mach numbers had been of }lttle more than academlc Interest because
of Its rare occcurrence, now appeared 1o be of conslderable practical
Importance In hypersonic flow, In 1956, Chapman published a theoretical
investigation (Ref. 2), which produced the result that for the lamlnar
separated flow model he chose, the average heat-transfer rate was only
568 of that which would occu: with an attached layer, (This value was

for a Prandt| number of 0,72.) In Rof. 3, the experimental work of

Manuscript released by thu author (February, 1963) for publication ag
an ARL Technlcal Documentaery Report,
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Larson conflrmed Chapman's fered the attrractive
possibility of using regions of separated flow as a means of alleviating
the heat transfer rates in critical areas on hypersonic flight vehlcles.

In Larson's work, and In several Investligations which followed,
thie Mach number of the experiments was In the supersonic range, and the
present author 1s unaware of any experimental studles of laminar cavlty-
flows whlch were carried out In hypersonic flow, The experiments described
In the present report were all made In the hypersonlc regime, at a free-
stream Mach number of about I,

The configuration chosen was that of an annular cavity on a 20°
total-angle cone (Flgure |)., A cone was taken as the baslc model, rather
than a flat platas, for the following reasons:

(1) The problems Involved In obtalning truly two-dimensional
flow would be avolded.

(11) The hligh entropy gas passing through the normal sectlion
of the bow-wave at the nose would be distributed over as
large a mode! surface as possible. The boundary layer would
therefore absorb the entropy layer before the cavity station
was reached, '

(111) The pressure on the surface of the baslc model would be
substantially constant with dlstance from the nose,

(lv} The boundary layer would be as thin as possible. (The cone
boundary layer Is thinner than that on a flat-plate by the
factor /3., )

The baslc cavlty geometry was chosen to have a conlcal floor, with
rounded corners to avold imbedded ring vortlices. (See last sketch of

Flgure L) In addlition, a cavity model In whlch the cut-out wes formed
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from a single clrcular arc was studled. (Second sketch of Figure I,)
This latter mode! was tested fo check +the sensitivity of the pressurs

and heat~transfer distributlions to fairly drastic changes In reattachment
shoulder geometry. In addition, it was hoped that the single=arc cavity
geometry might approximate the geometry of a "separa+[on bubble", such as
that produced In the Interactlon between a strong shockwave and a laminar
boundary=iayer, In particular, the streamline reversal would occur In an
acute-angled corner, and the swept cavity-floor length would be more
nearly equal to the length of the dividing stream!ine.

The Investigation was conducted wl+h the varlous theoretical
analyses of separated flows In mind, It was hoped that the present experi-
mental study would provide comparlson data for the theorles of Chapman and
others, and also provide Information useful In the formulation of more in-
volved theoretical treatments., In thls respect, It was reallzed that a
regime of laminar, hyperson!c cavity flow In which the cavity floor
prossure was virtually constant over the sectlon of the cavity upstream °
of the reattachment reglon would be of conslderable Interest. An Inltlal
obJect of the present study was thorefore to dotermlne If such a reglme
exlsted for lamlnar hyporsonlc flows, It ls well-known that two stable
types of cavlty-flow exlist =« Y“open" flows In which the divlding streamline
brldges the cavity between separatlon and reattachment polints, and '"closed"
flows In which the flow reattaches on tho cavity floor. In genoral, the
prassure on the cavity floor is not constant In elthor regime, but There
were [ndlcatlions trom lInvestigations carrled out wlth transitional, super-
sonlc cavity~flows that within the “open" reglme there existed two

sub-reglons, At low values of cavity length-depth ratlo, the pressure
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on the cavity floor was usually constant, At higher L/D's, this pattern
would gradually change to one with an appreclable pressure gradient on the
cavlty floor. This change occurred at lower values of L/D than the '
Yeritical™ value (at which open=-closed transition occurred).
In view of these considerations, only open cavity flows were studied
In the present [nvestigation. The length-depth ratlo of the baslic cavity-
mode| was varled over a falrly large range, but was always lower than the
crltlcal value,
Besldes the cavity fength-depth ratlo, only one other parameter was
varied In the work presented in this report. Thls was the Reynolds number,

which was varled to change the boundary-layer thlckness at separation, and

also to determina the extent of lamlnar flow., Transitional flows were not of X
Interest In the present study, but Chapman's work had demonstrated the govern-

ing Importance of the relatlve positions of the transition and reattachment .

P > B

polnts, and |t was therefore essentlal to know the limits of the laminar regime.

For the present work, the free-stream Mach number was kept constant

at about ||, glving a cone surtface Mach number of about 6.5.

EXPERIMENTAL EQUIPMENT AND TECHNIQUES s

All experiments waere carrled out In the 3 inch hellum hypersonic

tunnel of the Gas Dynamlcs |aboratory at Princeton Unlverslity. Thls faclllity .
Is fully described In Ref. 4, Tests were normally made at three levels of
stagnation pressure =- 400, 700 and 1000 psla, corresponding to values of
unit Reynolds number on tho conlcal model surfaces of 0,59, 0,97 and : :
|, 34x 100 per Inch, respactively, The variation of the center!ine Mach .

number In thls range for the contoured nozzle used Is shown In Figure 2.

................

...........
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For the present InvesTlgSTion, 10 pressure models were made. One
of these was a 20° total-angle cone used for normallsation, All cavity-
models were basad on this geometry, Elght models Incorporated cavities of
the same general shape, with varying values of length and depth. The
remaining model was designed wlth a cavity formed from a single clrcular
arc. The models are sketched in Flgure I,

All models were made of brass and were [nstrumented wlth pressure
leads made from copper to avold outgassing. All models were machined wlth
a nose diameter of 0,005 Inches to ensure that the hypersonic nose effect
would be constant, Each mode!l carried 4 pressure taps spaced 90° apart at
a single axlal statlion on the conlcal surface downstream of the cavlty
position, These were used to align the models whlle the tunnel was running.

The method of allgnment was checked by dellbarately misallgning
several of tho models during test runs, and noting the changes which
occurred In the pressures, For most of the measurement polints, Including
tThe allgnmen+ statlon, the pressure varied siowly and contlinuously wlth
angle of ailgnment, and [t was concluded that the allgning method was
completely satlsfactory., The only reglon In which the praessure level

changed greatly wlth small changos |n model alignment wes fn tho Immed!ata
vicinity of the reattachment point, For thls reason, In the results which
follow, It ls felt that tho measuremeonts mado near reattachment should be
taken as giving the positlon and oxtent of the reattachment pressure rise
rather than a quantltativo measuro of the actual prossures, With this
reservatlion, the repeatablilty of the pressure measurements was very good,

Prossure measurements weroe takern on conventlonal oll manometers,

except for partlcularly high pressures, where mercury manometers were used.
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Schlieren photographs were taken using a two-mirror system with a
one microsecond spark |light source. A "Fastax" movie camera running at up

t+o 8,000 frames per second was used to check the steadiness of the flow,

RESULTS OF EXPERIMENTS

PURE-CONE PRESSURE DISTRIBUTION

The pressure measurements on the pure-cone model were checked by
normalising them by the local statlc pressure In the ftunnel at the particular
gagnation pressure of each test, The results of thls are glven In Figure 3,
and are compared with the thecoretical lnvls;ld values from Ref. 5, for two
bracketlng values of the tunnel free-stream Mach number. It can be seen that
the hypersonic nose effect Is negligible for the presen+ models, slnce the
measured pressure on the cone ls constant wlth axlal dlstance from the nose,
once allowance has bean made for tunnel varlations.

In normalising the cavity-model preasure results, a mean of several
tasts on the baslc cone was used at each stagnation pressure. The experl~
mental spread of the cone dates around thlg mean was found to be + 13§

at most.

CAVITY-MODEL RESULTS

The pressure results on the cavity models were normalised by the
cone pressure at the partlcular values of axlal station und stagnation
pressure of wvach data polnt. The results are presented In ferms of a

distance parametor defined as follows:

Positlon _Parametor Deflnl?lgﬂ
Upstream of separatlon shoulder X/8g X = Kg=X
Within cavity /L X = XR=X
Downgtraeam of realtachment shoulder R/ X

= KR

sE T

- gy s
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For convenlence, the results from the reglons upstream of,

within, and downstream of the cavity on each model wlll be described

separately.

Upstream of Separation Shoulder

These results are presented In Flgure 4, In the second part of
the present report, recovery factor measurements on the basic cone will be
presented which show that the boundary layer at separation was always
laminar throughout the present tests. From Figure 4, It Is seen that the
disturbance due to the presence of the cavity on each model Is preopagated
upstream about 10 to |5 boundary-layer thicknesses. Thils upstream influence
s strongest at P = 400 pslie and woakest at pg = 1000 psla, as would

be expected from the relative thlcknesses of the boundary-layer In each case.

Pressure Distribution within Cavity

These results are presented In Flgures 5 through |3. Results are
glven for each cavlty model In turn, each set contalning measurements at
Po = 400, 700 and 1000 psia. A detalled discussion of these results will

be deferred until later, when the effect of cavity length-depth ratio

is descrlbed.

Downstream of Reattachment Shoulder

These results are given In Figures 14, {5 and 16 for the ‘three
levels of stagnation pressure used. For all cavity models, the pressure
decayed qulickly In the downstrean dlrection., The pressure level dropped
to the cone value In about one cavity length or less for all models and
stagnation pressures. For comparison purposes, a decay curve corresponding

to the Inverse flrst power of X/L Is shown on each figure. (Actually,

.............
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the equation

0.036
= 0.975 = —— . )
Pcone %/L

In all cases tested, the pressure on the surfaces downstream of
reattachment eventually dropped to a value about 3% below the mean

cone value.

Transition from the Laminar Reglime

In a hypersonic tunnel such as Thé present facllity, In which
test=sectlion density Is rather low, It is not easy to detect transition
because of the rreduced effectiveness of conventlonal optical technlques.
In the present investigation, Information obtained from several technlques
was used to determine the IImits of the laminar regime. In thls section,
evidence of ftransltlon on the cavity models obtalned %rom schlleren photo~
graphs, and from the measured pressure dlstributions will be presented.
The results of the recovery-factor and heat-transfer tests yleld further
lnfo?maTlon, Pnd thls Is presented In Part II of the present report, It
will be observed at thls polnt that the Reynolds number for natural transi-
t lon on +h6 pure cone was determined from recovery factor measurements to
be about 2x!00.(based on length from the nose along the slant side of the
cone, and on fluld properties at the edge o the boundary layer).

A serles of schlleren photographs of one of the long-cavity models
Is presented In Flgure |7, Plates were taken al 100 psia intervals In
stagnation pressure. A definlte change In the character of the lines
indlcating the edge of the mixing layer and the downstreem boundary layer

can bes detected as the stagnation pressure rises. In the plcture taken

.
‘
@
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at pg, = 1000 psla, transition apparent!y occurs somewhere In the

middle of the cavity,

A method of detecting transition using measurements of the pressure P
* Iﬁ the reattachment corner of a separated flow Is used by Chapman and his ;E_
co-workers., In Ref. 6, Chapman demonstrates that Thg pressure Just before éi'
reattachment rises sharply with the appearance of transitlion Inside the 3i
?. separated region., In Ref. 7, Larson and Keating use this as an Indlcator QEQ
'fl of transition for cavity flows, It Is probable that the pressure rise ;;;
:" occurs In cavity flows as a result of the Increased klnetic Impact pressure 53'
:Ej of the turbulent mixing profile. In Flgure 18, the pressure at the last ?
%:i meésurlng orifice In the cavity before the reattachment shoulder of the ’
fi mode! with L = |-1/4 Inches and D = 3/32 Inches In the present serles Is ﬁ;
:S ' plotted as & functlon of Reynolds number based on the 'length to the re- E;i
::' i attachment shoulder. The sharp pressure rise which occurs as the Reynolds ;;'
t. number {ncreases ls well marked. E%T
E' From the above results, and from the heat-transfer and recovery i;:
;ﬁ factor Information, It was concluded that the cavity flows In the present ;;
,ié Investlgation were laminar up to a reattachment Reynolds Bumber of about 2><|06 3?4
Eéi (characteristic length taken as L + L|). Since this value Is the same as ﬁ;
fal the transltlon Reynolds number on the cone, [t may be sald that the laminar {‘ﬂ
 35 separated layer was as stable as the attached laminar boundary layer for i;i
nii the present tests, withln tho level of experlimental uncertalnty, E}
.Vﬁ It should be reallsed that transitlion will occur at rather o

-

dlfferent Reynolds numbers on models with different thermal characterlstics,

e+ &

as Is well brought out by the work of Larson and Keating In Ref. 7.

;ﬂ& However, the Intention in the present Investigation was not to locate a
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transitlion exactly, but simply to deflne a regime which was '

always l|aminar.,

Steadiness of the Cavity Flows

€= s
P
ST, |

N S
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High=speed movie fllms were taken of the flow over several of the

cavity models using a "Fastax" camera coupled to the schlleren system.

Flim speeds up to 8,000 frames per second were used, and both lamlnar and

AR LA LS

transiticnal flows were studled. In the case of the laminar cavity flows,
no unsteadlness could be detected. However, there were Indications of un-
steadiness In the transitional flows. This appeared to take the form of

o fluctuation of the position of the transition point, wave radlation from the

L 23
&

rear of the cavity, and varlation In the appearance of the weak shockwave

-4 3 3+
LAY
of

PR |

=4
£ o e

as the flow reattached,

sy

The "Fastax" f(Ims ylelded plctures which were of much poorer

e

quality than the conventlonal spark schlleren photographs. This was due to

a3

PpalPhel
&t WPl

the small frame slze necessary (16 mm), the lens system of tho camera and

the relative weakness of the continuous !lght source used with the movie
camera, In view of these !Imitations, another method was tried, This In- .
volved ?ak}ng a number of spark schileren photographs at random tIime
Intervals during a single run, These photographs were then magnitled

20 tlmes on an optical comparator, and tracings made of the poslition of

the shockwaves and dlviding stream!ines for each plate photograph. This
method would detect any oscl|latory unsteadiness with a frequency less

than 108 per second, since the one-microsecond spark photographs would

show ditferent parts of the cycle.
It was found that the maximum fluctuation of the dividing stream-

Iine which could be detected In laminar cavity~flow -was about 3,.6¢ of the
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cavity depth in the direction normal to the model surface. The maxImum
bow shockwave fluctuation was about half this value. Photogrraphs taken
of translitional cavity-flow showed the same Indications of unsteadlness
which had been seen In the movle flims,

No fluctuatlons In pressure level were ever observed on the
manometers in elther the lamlnar or transitional regime during the
pressure tests,

It was concluded from the above results that the laminar cavity-
flows were steady wlthin the limlts of the detectlun techniques, and that
the transitional flows were unsteady. All‘Tesfs Indicated that [f any
unsteadliness were present In the laminar cavity flows, It was not of

sufficlent mangltude to affect the quantitles being measured.

Varlatlon of the Cavity Pressure Distributlions with Léngfh-oep+h Ratlo

In cavity-flows, there are four charactaristic lengths which
deflne a particular problem, These are the boundary-layer thlckness at
separation, the length end depth of the cavlty, and the critlcal caylty
length. The particular comblnation of these In non-dimenslonal form which
correlates experimental results has apparently not yet boon found., Most In-
vestigators use the cavity length-depth ratlo In presenting results,
Charwat et al, (Ref..8) ctalm that L/LCP Is the character|stic paremeter,
but they present tholr results In torms of L/D and §.,/D . In the present
Investlgation, the length-depth ratlio has been found to be a useful
parameter, although [t certalnly does not provide a complete plcture,

An examlnation of the cavity results In Flgures 5 through (3

shows that at low values of L/D , the pressure Is virtuelly constant

.-y CR N T RV R R A et
ORANA \-'; L \.‘-"'L.,‘\\ DR RERTAAER I ‘,"-.‘.a.. AETARA
. ."‘ . i . : . .

W'
. . ."\‘.‘.'
3 ..n(l.' h] - ~

«\ ‘-«1 h

" -q‘

" ”'* Lttt e A N .
ALt W S P
VRN ‘.M\*h _*-\.M..u_m h.su‘\...'tn AR BT R T T JAP L AR L S N


http://www.abbottaerospace.com/technical-library

with X/L for about the first 90% of the cavity. After thls station,
the reattachment pressure rise ssts In. At higher values of L/D', a
deflinite pressure gradient appears on the cavity floor, In v}rfua}ly all
cases, the pressure on the cavity floor Is lower than ;one pressure, The
dlvliding streamline normally starts with a slight inqllnaflon Inwards
towards the model axis (less than 1°), The only case for which the
dividing streamline bent outwards at separation was the Po ® 1000 psia
test on the L = |-1/4 Inches, D = I/8 inch mode! (Figure t1), This

test was In the transitional regime. Dlagrammatlc sketches of the flow
patterns In these various regimes are glven In Flgure 19,

In Flgure 20, the cavity floor pressures at the beginning and end
of the giraight section are plotted for each mode! agalnst length-depth
ratlo, The stagnation pressure for these results was 400 psla, and at thls
pressure all cavity flows were lamlnar. The exlstence of a regime of
constant floor pressure ls clearly evlident. When the length-~depth ratlo
rises to about 7 ~ 10, a pressure gradlient appears on the cavity floor,
It should be emphasized that all results presentsd are for "open" cavity
flows, even for the case of L/D = 20 , Schlleren photographs of a model
with L/D = 40 showed that this model was In the "closed" reglme. Thus,

for laminar cavity flows of the present type

l“Cr'
20— <40 .,
D
The pressure dlstribution on the mode! Incorporating a cavlty
formed from a single clrcular arc (L/D = 5) was found to be virtually the

same as the other models In the short=deep range, although the recompresslon

pressure rise set In a little further upstream (Figure 8),

PRSI EL »-
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The effect of decreasing the value of 6S/D for any particular
value of L/D was to ralse the cavity floor pressure; This effect becomes
stronger with Increasing L/D . In the present experiments, the theoretlcal

valuy of 68 {Ref. 9) was as follows:

Po (psia) bg (inches)
400 0.0225
700 00,0176
1000 0,0151

As a result, the range of 65/0 Invastigated was from Q0,12 to 0,36,

COMPARISON WITH OTHER INVESTIGATIONS

The present Investigation Is concerned with lamlnar, open cavlty
flows at hypersonic Mach numbers., In a search of the avallable |iterature,
vory llttle work on laminar cavity flows was found, In additlion, the cone-
cavlty geometry used in the present work does not appoar to have been
Investigated before., However, In one respect at least an Interesting
compar lson can be made between the prosent results and the work of
other Investlgators.

As was mentioned previously, one of the objects of the present
study was to determine |f a rogime of laminar cavlty flows exlsted whlch
was characterlsed by constant floor pressure over most of tha cavity span,
The results of the pressure tests show that such a regime exists for L/D
less than about 7. The work of Johunnesen in Ref, 10, McDearmen in Ref. |1,
and Charwat et al In Ref., 8, shows that thls “short-deep" rogime exlsts In

transitlonal flow at supersonic Mach numbers, The dlvision of cavity flows

into three reglmes (deep open flows, shallow open flows and closed flows),
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iR
7 T rather than two (open and closed) is particularly well brought out by
.i'in McDearmon. Johannesen had laminar flow for hls shortest cavitles, and
‘%Sé belleved that the change from constant floor-pressure cavity flows to
éi% shallow open flows was caused by transitlion appearing in the separated-
‘i flow reglon, Charwat et al disagree, and say that the change I's brought [ ¥
_‘E sbout by the appearance of a weak obllque shock rooted In the shear layer %
;é? which 1s nelther caused by nor dependent on transition from the laminar i
:“(;= regime, Instead, I+ Is due to a deflectlion of the external stream which ?'
fﬁi |s & part of the recompressloﬁ machanlism, The present results are‘also In 3}
,5; confllict with Johannesen's explanation, since both forms of open cavity- 33
.;l flow were found even whenthe flows were laminar throughout (Flgure 20), ‘;
-  $§’ | The changeover from open to closed flows In the laminar regime ‘ ii
'1”33 was not determined exactly in the present Investigatlcon since closed flows S;
;;A were not of Interest, However, the critical value of L/D was found to ’ ﬁ;
,2? Ile between 20 and 40, The only ccmpaiisons which can be made are Larson's :
- value of 30 In Ref., 7, and Kavanau's value of about 25 In Ref, 12. No ;-
W other measurements are known to the present author. It appears that the i
Ef critical length-depth ratio Is not strongly dependent on Mach number. i
:?d : The pressure levels encountered In The present Investigation are K
simllar to those of other workers, ranging from a low of p/p, = 0.6 In the i]
. E:] cavity, to about p/pc = 2 at reattachment. We can obtain some |dua of E
"gzi the max!mum reattachment pressure In laminar flow from Chapman's work In ;
f:$ Ref, 6. Assuming laminar, steady, two-dimenslional cavity flow, with ‘
= Isentropic compression aloﬁg the dlviding streamline and zero initlal
it boundary {ayer thickness, with a Prandt| number.of | end with "dead-alr"
{A 1é. temperature egual to outer streoam total temperature, Chapman's analysis !‘
| " glves the following equation for the reattachment pressure ratlo: E
R
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In which u, = 0.587 .
For the present work, vy = 5/3, Me ~ 6,5 and thus
PR

— = 7.3
pe

¢ Thls should be an upper limit on the pressure at the reattachment

shouiver in laminar flo@. Any entropy rlses In the recompression process
will result lnla drop In the pressure at reattachment.  Also, any Initlal
boundary layer at separation will result [n a lower value of uy , wlfh_a‘
congequent drop In kinetlc energy Impact pressure. The pressure measurements
made very near thae reattachment shoulder In the laminar flow studles of the
present work never gave values of p/pe greater than about |.4 , Desplite the
fact that these measurements cannot be very accurate, and In additlon must be
less than pR/pe , the low value of the ratlo indlcates +hat the effect: of
tinlte Inltlal boundary layer may be very Important, (It lg unllkely that
antropy changes In the recompression process will be significant. When
shockwaves at reattachment were visible at all [n schlleren photographs,

they were always very weak.)

CONCLUDING REMARKS
The present [nvestigation consists of measur ements of the pressure

distribution on a set of annular cavlties on a 20° cone. The cavity flows
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were "open", the flows were elther laminar or transitional, and the free
stream Mach number was about |1.2. (cone surface Mach number 6.5).
In the laminar regime, It was possible to dlstingulsh between two

reglwes of open cavity flow, with the following characteristics:

|. Deep open flows (L/D < 7)

Pressure distribution Insensltlve to changss of L/D . Cavity
floor pressure constant over first 907 of cavity. Cavity floor pressure
about 10-158 lower than basic cone pressure. Recompresslon conflined to

small region near the reattachment point,

2. Shallow open flows (7 < L/D < LCr/D )
~ Pressure distribution Insensitive to L/D. Dividing streamline

concave out. Recompression occurs aang dlviding s+r§amllna as wel! as
In reattachment region, Signiflcant pressure gradlents on cavity floor.

The divislon of the cavity flows according to *he above result,
and Including a distinction between laminar and transitional flows, Is
shown dlagramatically In Figure 21, In thls flgure, the various models
tested are shown entered In the appropriate reglon for sach stagnation
pressure, (Each model Is identlfled by the length and depth of the cavity,
as L Inches X D Inches.) In the case of the deep, 5/8 Inches long-cavity
models at pgy ~ 1000 psla, thelr entry in the transitional flow regime |s
based on recovery factor and heat-transfer measurcments, since these
models were too c¢lose to the bordorline for reattachment pressure
measurements to ba conclusive,

The region of deep, lamlnar, open cavitles |s shown shaded, and
Is the primary reglmo of Interest In fhe present program. In Flgure 22,

the cavity pressure distributlons for all fthe tests In thls regime

are superimposed.

oy g
e
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From thls tlgure It can be sesn that the pressure dlstribution Is

virtually constant for a quite wide range of cavity length-depth ratio I ]

£ and boundary-layer thickness at separation, Sﬁ
B

e
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