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SUMMARY

o p———

Pressure measurements were made on a slender cone-cylinder~flare
configuration, slightly blunted at the nose, for 0, 3 and 6 degrees
incidence at a free-strsam Mach number of 6.8.

It was Tound that the surface pressures obtained on the cone agreed
with extrapolations to M, = 6.8 of theoretical values given in M.I.T, LableSB
(Kopal) for yawed cones, and that Tmpact theory gave a good indication of
the pressure level to be expected on all parts of the body where surface
incidence was sufficiently large to merit its use.

”he semi-angles of the conical and flared parts of the model were
both 7—-degrees, and, as was expected, along each generator of the body the
pressure level on the flarec rose in all cases to approximately that
developed upstream on the cone surface.

No evidence of a marked over—expansion to pressures below the free-
stream value was noticed at the junction between cone and cylinder.
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1 INTRODUCTION

The current search for shapes which might be suitable for hypersonic
vehicles has suggested the cone~cylinder-flare configuration as one of the
possible shapes.

Theoretical methods available at present for predicting the pressure
distributions and resultant forces at hypersonic speeds on such bodies of
revolution are limited to the case of flow at zero or small incidence. For
larger incidences, one is forced to lean rather heavily on Newtonian Impact
theory or empirical generalisations based on it. OSystematic experimental
information is required, therefore, to check the adequacy of the various
methods of prediction and, if discrepancies occur, to check on the causes of
such discrepancies.

In the present tests, pressure measurements were made on a slender
cone-cylinder~flare body, which was slightly blunted at the nose, at O, 3,
and 6 degrees incidence at a free—stream Mach number of 6.8. It is intended
to follow these soon by force and pressure measurements on similar models at
the same Mach number for incidences up to about 30 degrees.

2 TUNNEL AND MODEL

241 Tunnel

The 7" x 7" Hypersonic wind tunnel at R.A.E./Farnborough was used for
these tests. Details of the design and performance of this facility for
operation at a Mach number of 6.8 are given in Refs.1 and 2, The stagnation
pressure in these tests wag about 52 atmospheres and the stagnation tempera-
ture was approximately 650 K. The stagnation conditions correspond to a free-
stream Reynolds number of 0,5 million per inch.

2,2 Model

The model, shown in Fig,1, was a cone-cylinder~flare made of stainless
stecl, The semi-angles of the cone and the conical flared-portion were both
74°, and the model had spherical blunting at the nose. Fifteen of the
seventeen pressure holes available were concentrated along one generator of
the body, and flexible pressure-tube connections were used in the sting
support so that the pressure distribution around the body could be obtained
by rotating the model about its axis.

3 SYSTEMS FOR PRESSURE MEASUREMENT AND TESTING TECHNIQUES

37 Stagnation pressure

The method used for measurement of this pressure is given in detail in
ef.1. Por these tests the stagnation pressure was held to within
0.5 pessie 2t a lovel around 765 pes.i. (abs) and was measured tc an
accuracy of 0.01%.

1+ Hd

3.2 Statio pressurc on the model

A block diagram of the electromanometer-system used for measuring
surface pressures on the model is shown in Fig.2. (For details of com-
ponents, see Ref.1.)

In this diagram the part of the system used to record the surface
pressure is shown outside the dashed rectangle. During a test these pressures
are individually selected at the Scanivalve (a rotary pressure switch), and
are recorded on a Honeywell-Browm recorder through the transducer system,
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which is referred to vacuum. The transducer used for the present tests had a
linear output with a full scale deflection on the recorder of 1.5 p.s.i. The
resulting accuracy of pressure measurement is considered to be of the order

X 0,005 p.s.i.

The part of the system shown inside the dashed rectangle is used to
calibrate the transducer. For this, a dead-weight tester, which is evacuated
to give an absolute measure of pressurc, is set for a particular pressure.

It is then used to monitor the adjustment of a reservoir to this pressure.
Pressure control in the reservoir, which in turn is connected to the trans-
ducer, is obtained through a coarse bleed to a vacuum pump and a fine bleed
in from atmosphere through a needle valve. Once the reservoir pressure has
been correctly set in this way the transducer output is recorded.

Calibration by this method verified the linearity of the output from
the transducer used for the present tests over the whole of its range.

3,2.1 Pressure response and testing technique

Since several surface pressures had to be recorded consecutively on the
transducer during a run, the Scanivalve was connected to the transducer by
very short leads, in order to reduce the volume of air which had to be
adjusted to each new pressure. Connections from the model to the Scaniwvalve
were also made as short as possible. However, in order to allow for the
rotation of the model about its axis, mentioned in Section 2.2, it was
necessary to use some small bore rubber tubing for connections to the model
inside the sting support. In addition to this, the bore of the holes through
the Scanivalve itself was also small. Hence rather a large pressure lag
occurred in the system, resulting in a response of about 5 seconds,

Because of the high convective heat transfer to the model during a run,
the use of rubber tubing inside the sting restricted the length of each tunnel
run to about 45 seconds, whereas without this restriction a run of up to
3 minutes would have been possible,

The combined effect of these limitations was that only 7 surface
pressures could be recorded during each run, by manual selection at the Scani-
valve. Hence, the technique adopted for measuring the surface pressures at
the 17 positions available on the model was to make three identical runs and
read 7 surface pressures each time. This system allowed an overlap of two
readings boetween both the first and second runs, and the second and third runs
of each set, in order to check the consistency of the results.,

4 EXPERTIMENTAL RESULTS

The pressure distributions on the model, obtained at Oo, 30, and 6°
incidence, for particular values of the meridional angle ¢ (measured from the
planc of symmetry on the windward side of the body) are given in Table 1 both
as p/po (ratio of surface pressure to freec stream stagnation pressure) and as

Cp (pressure coefficient) versus s/D (ratio of distance from the nose along
the surface to the diameter of the cylinder). These results are illustrated
in Figs.3(a), (b), (c).

L1 Pressure on the conical part of the body

In Figs.3 the surface pressures on the cone are compared to the 3
theoretical values obtained for the case of a sharp cone from M.I.T. Tables
(Kopal) by extrapolating the results to a Mach number of 6.8, Further com-
parison is made by including also estimates obtained both from Impact



(Newtonian) theory and its modification given in Ref.l, for the cases* in
which they might reasonably be applied.

It is of note that, for these cases* where its results are expected
to be applicable; Impact theory gives a reasonable estimate, even though
in general it is an underestimate, of the pressure on the cone.

L2  Pressures on the cylindrical part of the body

At zero incidence Fig.3(a) shows that the surface pressure on the
cylinder is reduced downstream of the cone~cylinder junction from its
value on the cone to about free-stream pressure (i.e. C_ = 0) within the
length of the diameter (D) of the cylinder. In other words, the pressure
on the cylinder induced by the presence of the cone decays to zero inside
one diameter from the junction. It is also of note that there is no
evidence of an over-expansion of Prandtl-Meyer type from the cone to the
cylinder as is predicted by the characteristics solutions of Ref.5.

When at incidence, Figs.3(b) and (c), the pressure on each meridian
generator againfollows the above trend, with a decrease from its value on
the cone to some uniform level on the cylinder within a length D from the
cone-cylinder junction. In each Ef these Figs., the results from both
Impact and modified Impact theory™t have been included where they might be
applicable*. (i.e. for only the most windward generator (¢= 0) at 3 and 6
degrees incidence). Fair agreement can be seen between the theoretical
results and the oxperimental values for the central part of the cylinder's
surface, where, as before in the case of the cone, the theoretical values
tend to underestimate the surface pressurs.

L3 Pressures on the conical flarec

For each generator the pressures on the flare, as can be seen from
Figs.3, rose approximately to the same level as on the cone, within a
distance D from the cylinder-flare junction. The pressure level on the
cone would be expected to form the upper limit for the pressure developed
on the flare in this manner, since the semi-angles of the cone and flare
were equal in these tests.

Results for pressures on the flare calculated by Impact theorieslF are
also shown in Figs.3. In general poorer agreement with the pressure levels
of the experimental results is found for the modified version of Impact
theory than for the basic theory itself. However, it should be pointed out
in this context that the modified theory was developed strictly for the case
of larger angles of surface incidence, m, than occurred in the present tests.

5 CONCLUSIONS

Pressure measurements made at a Mach number of 6.8 on a cone-cylinder-
flare configuration at incidences of O, 3 and 6 degrees gave the following
results.

(1) Pressures on the cone were predicted reasonably well, though in
general underestimated, by Impact (Newtonian) theory for all surface
incidences where this type of theory could reasonably be expected to apply.

* Ref.lL suggests the lower limit for the application of Impact theory as
M, m >0.3, where M_ is the free-stream Mach number and (%/2 - m) is the angle

between the surface normal ond the frec stream direction at the point
considered.



Good agreement was obtained in all cases with theoretical values which were
calculated from M.I.T. Tables’ of flow around yawed cones, (by extrapolation
of the results given therein to a Mach number of 6.8).

(2) Pressurcs measured on the cylinder gave no indications of marked over-
expansion immediately downstream of the cone-cylinder junction. Such over-
expansion should have occurred if the expansion at this junction was of
Prandtl-Meyer type. Impact theory gave a reasonable estimate of the pressure
level to be expected on the cylinder whenever the surface incidence, n, was
large enough for this type of theory to apply.

(3) For each generator the pressures on the flare rose in all cases from
the level on the cylinder to a level equal to that developed on the cone.

LIST OF SYMBOLS

M, free stream Mach number
o) surface pressure on bhody
P, free stream static pressure
P, free stream stagnation pressure
/ PP \
C surface pressure coefficlent | = ——— =
p 3 2
\ '\{/2p M/
o0 =
Y ratio of specific heats for air ( = 1.4)
o angle of incidence of the model (degrees)
¢ meridional anglec measured in the cross-sectional plane of the body
relstive to the most windward generator (radians)
m surface incidence at a particular point (i.e. (n/2 - 1) is the angle
botween the surface normal and the Tree stroam direction) (radians)
s distance along the model surfacc measured from the stagnation point
(inches)
D diameter of the cylindrical part of the body ( =1.28 inches)
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TABLE 1 (Contd.)

& 6 6 6
$(radians) o) = = /2 -
s/D 2 10t | ¢, x 10° E x 10 | ¢, x 1071 B x 10%| ¢, 10°
o] o] O
1.78 12.9 10.6 L3 1.5 5.6 2,9
ol 2a7 13,2 11.0 b3 1.5 6.0 3.3
81 2.5 13,6 1.4 Lot 1.3 6.0 3.3
2,97 13,6 1.4 Lot 1.3 5., 3,7
3,35 742 L6 3,7 0.9 L6 1.8
3.75 5.7 3,0 3.2 0.3 3.0 0.1
81 415 5.6 2.9 3.1 0.2 2.7 0.2
E oSl 5.5 2.8 2.7 0,2 2,5 0.4
B 402 5.3 2.6 2.8 0.1 2.5 0.4
5432 503 2,6 2,8 0,1 2,5 0,4
5.71 6.7 e 2.8 0.1 - -
6.09 10,9 8.5 4.0 1.2 1.8 2,0
° | 6.9 13.2 11.0 4+0 1.2 5.8 3.1
21 6.89 12.5 10.2 00 1.2 6.0 3.3
7.28 12,2 9.8 Lot 1.3 6.0 3.3
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TABIE 1

s

D\(radia.ns) .
s/D B x 10* | ¢ x 10° 2 10t Lo x 10° B -
o} o} e}

1.78 6.2 345 8.9 6.1 15 1.7
. 2,17 6.4 3.7 9.k 6.0 Le6 1.8
g 2,57 6als 3.7 93 6.9 b6 1.8

2,97 6.5 3.8 9.7 7.2 5.1 2.4

3.35 449 2.1 5.7 3.0 la2 1.0,

3,75 3.5 0.7 a3 1.5 3.1 0.2
g 415 3.1 0.2 4.0 1.2 2.8 0.1
2 LSk 341 0.2 3.8 1.0 2.7 0.2
B 192 3,0 0.1 3.7 0.9 2.7 0.2

5432 3.1 0.2 3.6 0.8 2.7 0.2

5.71 3l 0.6 3.7 0.9 3.0 0.1

6.09 3.7 0.9 7.0 b3 3.1 0.2
. 6449 15 1.7 9.5 7.0 3. 0.6
o 6.89 5.7 3.0 9.3 6.8 3.8 1.0
= 7.28 5.9 3.2 9.3 6.8 k2 1.4




¢ec 09 ¢l Loy 8°6 2zl gz*L
¢ ¢ 0*9 2°L 0% 2*0l Gz 68°9 mm
a4 8°S 2 oY 0°LlL 2°Cl 641°9 a
0°2 % A 0% G*g 6°01L 60°9
- - L0~ Q2 o°f L*9 LL°G
140~ G*2 Lo~ 8°¢ 92 ¢e< AR
o0~ G2 Lo~ 82 9°2 ¢*g 26°h mw
100~ G2 20 L*2 g2 GG C Gy m
2o~ L2 20 Leg 6°2 9°G GL*H g
L°0 0*¢ ¢*0 ALY ¢ L*S GL°¢
8t 9°% 6*0 L*¢ 9% A) 1949
1< s ¢*l bl oLl 9*¢CL L6°2
¢ ¢ 0°9 ¢l Loy oLl 9*¢iL 1G*2 m
¢e¢ 0*9 gl ¢ 0°ti 2°¢L Lz ®
6°2 9°G G*l ¢ g°0l 62l gLl

ot x %o |.01 x oL % oL x ' ot x % | Lol x " a/s

2 ki z ki d| z d /

2/x 3 ( sueTpRI)p

v
C

(*P3Uod) | FIEV.L

26°6

beeg

o) =)

[} fan]

WP, 2078.0.P.632.73 = Printel in Fnglond



"SITOH-34NSS3dd IHL 4O SNOILISOd ONIMOHS
130AON 3YVT14-43ANITAD-3INOD 3HL 40 WVYOVIA ‘191d

epard: — Pt L
W12 OF € N
L
" LE9C
A///////////Qamﬂfz////z/// ANAVAN .Sl
—— — —— S

/ 3y ) N A 3 —\\
/////////////JV% o | | vy

821 = (@ YIANIIAD 0 ¥3L3wWvid S21-0 = sniavd 3SON



1
| |
! !
! RESERVOIR | SCANIVALVE
X DEAD 1
" WEIGHT ! — —
: TESTER : { MODEL
L
i
EQUIPMENT ! !
USED FOR — —» :
CALIBRATION : i
OF SYSTEM I :
| i @
| D |
| |
|
i NEEDLE VALVE :
I D\ £2—1
: U &/ i TRANSDUCER
} 1
I I
| |
) . 2
e ® ® ! ®
Mc. LEOD P <
GAUGE <
®
‘ TO AMPLIFIER
AND CHART RECORDER

VACUUM
PUMP

FIG.2. THE ELECTROMANOMETER SYSTEM



——  IMPACT THEQRY

——-—— MOOIFIED IMPACT
EXPERIMENTAL RESULTS X THEORETICAL VALUES THEORY 4
———e— ML T
14 TABLES _FOR YAWED P12
CONES 3
2 — — |0
— 8
10—
8 — G
_____ CpxIO
P 4 SInIooInooTIoIo T ooT T 4
- XIO B
P, - x X X X %
K jr—
4 . :
X X
X x X X X — 0
2—-
. CONE CYLINDER FLARE 2
|} 1 i - t i i i
o (e} 20 30 5/ 40 S0 60 70
D

FIG.3 (@) PRESSURE DISTRIBUTION AT ZERO INCIDENCE. (M,=s6)



IMPACT THEORY

X ¢$=0 e MODIFIED IMPACT
EXPERIMENTAL RESULTS THEORETICAL VALUES S THEORY
— = M.I.T.
14 — O =T ABLES For vaweo | 12
(CONES 3
12 - ©
o] — 8
4, . {_-._._._._._>.<_._._>.Z. ==y =T 4’_-:0{)( —--g--ag
= — 6
8 - 2
P s X Cpxlo
s X110
pX 4
€ X N
............._._._._-...-_._._._Q_._.- =T \\\ -
o (TS + NE
4 qg:o{“"“----X-—-X-——X-—-*--X 5 0 0]
© 6 0 0 o © —0
2—
CONE CYLINDER FLARE -2
o I T I . I T T |
o) 1O 2:0 3-0 /D 4.0 50 €0 70

FI1G.3(b).

PRESSURE DISTRIBUTIONS AT 3° INCIDENCE.

(Ms=6-8)



MPACT THEORY

X ¢ =0 ———— MODIFIED IMPACT THEORY 4
THEORETICAL VALUES 4_._._ _
EXPERIMENTAL REsutrss 4 ¢ =% { NAWED ComES 3
© ¢ =
14 — — 12
=0 i . e
12 - X% I 10
>
10 — — 8
8 P
P xio*
Po
6 —f
4 )
2 —
-2
CONE CYLINDER FLARE
o ] ] I T I T I
O O 2-0 30 5/ 4-0 5-0 6-0 7-0
D

FIG.3 (c)

PRESSURE DISTRIBUTIONS AT 6° INCIDENCE. Ms=68



A .S, CeP, o 032

533469645
533.6.011.55
533,6,0l3.2

PRESSURE MDASURLIENTS ON A CONE=CYLINDER-FL.ALL

CONFIGURATION AT SILLL INCIDENCES FOR M, = 646

Wenlley, J.G. March, 1961

Pressure 1easurcnents were inade on & slender
cone=cylinder=flare conficuration, slightly blunted a2t the nose,
for 0, 3 and 6 degrees Incidence at a free-strean llach nuwer of 63,

1t was found that the surface pressures obtained on the cone
agreed with extrapolations to M = 6,8 of theoretlcal values given in
MelaTe "ablesj (Kopal) for yawed cones, and that Iapact theory gave a
good indication of the pressure level to be expected on all parts of the
body where surface incidence was sufficlently larpe to nerit its use.

(Over)

A,R.C, C,P. N0.632

533, 69645
533.6,011,55
53 .600148.2

PRESSURL MEASURBIENTS ON A CONE-CYLIMDER-FL =

CONFIGURATION AT SIWLL INCIDENCES FOR M = 700

Woodley, J.G. ifarch, 1961

Pressure lieasurcients were nade on a < lender
cone~cylinder~flare confijuration, slightly lunte’ at the mnse,
for 0, 3 and 6 degrees incidence 3t a free-strear lach nuiber of 6,8,

it vas found that the surface pressures obtained on the cone
arreed with extrapolations to li_ = 6,8 of theoretical values slven In
ILI.T. Table.s3 (Kopal) for yawer cones, and that Inpact theory gave a
good indication of the pressure level to be expected on all parts of the
body where surface incidence was sufficiently large to nerit its use.

(Over)

AR, C, Z,F, Vo,5%2
533009645
533.6.011,573
5334640402

PRESSURE MEASURRIENTS Oif A CONZ=CYLIVDER=FLARD

CONFIGURATION AT SiIALL INCIDENCES FOR :[, = 6,0

Woodley, J.C. liarch, 1561

Pressure rieasureients vere nade on a siender
cone~cylinder-flare confizuration, slichtly ' iuntec at the nose,
for 0, 3 and 6 degrees incidence at a free=; roean ilach muber of 6.8.

1t was found that the surface pressur .. cbtained on the cone
agreed with extrapolations to Il = 6.3 of . coretical values ;iven in

M,1.T. Tables3 (Kopal) for yawed cones, and that inpact theory gave 2
good indication of the pressure ievel to be -~xpected on all parts of the
body where surface incidence was sufficiently large to .xerit its use.

{Over)



The seni=angles of the conical and flared parts of the ncdel were
both 7% degrees, and, as was oxpected, along each generator of the body
the pressure level on the flare rose in all cases to approxirotely thet
developed upstreat on the ccne surface,

No evidence of a marked over-~cxpansion to pressures below the free-
strean value was notlced at the junction between cone and cylinder,

The seni-angles of the conical and flared parts of the nodel were
both 7% dogrees, and, as vas e¥pected, along each generator of the bedy
the pressurc level on the flare rose in all cases to approxinately that

No evidence of a rarked over-cxpansion to pressures below the Irec=
strean value was ncticed at the junction between cone and cylinder,

The seni~angles »f the conical and flared parts of the nodel were
both 74 Jdegrecs, and, as was expected, along each generator of the bedy
the pressure level on the flare rose in all cases to apprexinately that
developed upstrean ~n the c¢none surface,

No evldence “f a narked over-expansicn to pressurcs below the free=
strean value was nnticed at the junction between cone and cylinder,
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