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SUMMARY

This note presents curves of a number of parameters which frequently
cccur in calculations of the performance of conical centrebody intakes
at supersonic speeds and full mass flow, These parameters follow dir-
ectly from the theoretical supersonic {low past cones. Semi-cone angles
of 159, 209, 22.59, 259, and 30° are considered, and the range of free
stream Mach number is approximatcly 1.3 to 3.0.
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1 Introduction and Description of Curves

This note present cwrves of a number of parameters which frequently
occur in calculations of the performance of conical centrebody intakes
at supersonic speeds The curves aoply only %o the full-mass~-flow con-
dition for & given geometry and Mach number, ana contain nothing that is
new in principle, they follow direct.y from the Taylor-Maccoll solutions
for the supersonic flow past cone. which bave been tabulated in ref 1

The following parametcrs are plotted

(1) The incliration of the cone shock wave 8, plotted es a
function of Mach number (M, = 1 3 to 3 0) for a range of cone angles
(6, = 15, 20, 22 5, 25, 30 degrees)

(21 The 'pre-entry!' drag coefficient®*, C s which 1s due
Dopre o

to pressures acting on the boundary of the entering stream tube between

the cone shock and the inlet section (It 13 assumed that the second
shock 1s ttached to the cowl lip) GDpre o s thus defined by

Ry
i
S 2TR 4R 1
qppre 0 Ay ./ CP (1)
Ry

(It should be noted that the reference orea hure 1s A;, and not the
mexXimum cros.-scction arcae of the intoke)

(721) Tre full moss flow ratic A, /Ay

(1v) Tre ngle of the flow (watl respect to the intake axis), the
Mach nunber, and the pressure coefficient at points in the conical flow
field These are dsnoted by h, N, Cp respectively

A and M are included bucause their vzluaes ammediately ohe~d of
the cowl lip must be known 1f the lip 25 to be designed for an attached
shock If €, s olso known, the initi 1 pressure on the cowl may be
determined extetly by mewns of oblique shock or Prandtl-heyer expansion
tables

2 Details of the Colculations

In the pol r coordin tes (r,8) of Fag 1 the cquation of o
streamline 1is

L dr - u
r do v
3]
1e log r =/ -E-de + log k, (2)
¥
% This quantaty must ove included i1n the drag 2f the conventional

defanition 2e used for the thrust of « turbojet or ramjet, becouse this
definition of thrust considers the chonge in momentum between the exa+
of the eng.ne and il e undisturbed stream abecd of the intake




where 04

15 some faixed reference value such that ec < 9
and

< 066
w?
¥ 1s a constant to be determined. Putting r = ry when 0 = Oy
we obtain
Ow
r u
- = — 38
log o / v &

9
and from r = R/sain 8, n, = R_/sin 6,

where R
the intake axis ve have

1s the radius from

Ow
R - sin 6 Xoa
R, sin O o%p /-v (3)
0

Values of R/R, were calculated by evaluating the integral in (3)

numerically using the values of u and v tabulated in ref. 1 and
increments of 6 of two degrees.

The pressure ot the centre of each i1ncrement of streamline was then
calculated from

- 2&12 Y=
f;“@w) (&)

where a 1s the ratio of the local velocity of sound to the limitang
velocaty (or the velocaty 'into a vacuwm'), and 1s tebulated in ref. 1.

The local Mach number and flow inclination were calculated from

12 1 2
it = — - » (5)
a2 Y -1
and A o= 6 + tan X, (6)
u
The ratios
PtW - ptW Pw and. _1?29- (7 )
P Pt/ Pt %L,

were calculated from the tables of ref. 2;

ptw/ptm was found by t&klng
the component of Mach number normal to the shock and using normal shock
wave tables.



t

QDpre o was calculated from the relation

Rl'

2

. D= /R p_. Ptw _ 4 aJ RZ (8)
pre o g, \ R Pgw P, R_°

the integral being again evaluated numerically with increments of 6 of
two degr.oes

3 Tre Effect of Different values of ¥

The value of ¥ 1in ref 1 1s 1 405, this value was therefore used
throughout the work, with the exception of the ratio th/bm’ which for
convenience was calculated from tables with ¥ = 1 400

When the work had been completed data became available* which made
possible an approximate check on the effect of dufferent values of ¥

The comparisons below were made for fixed values of M, &, and
0  They can only be regarded as approxamate estimates because they are
the result ol considerable interpolation, end of numericael integration
in the case of CDpre o, ona L/A,  However they do show that, as

might be expected, the effect of using different values of ¥ 1s not a
gerwous one

TABLE T

Meximum differences
(Velues with Y = 14 405 throughout) = (valucs of this note)

Dafferences
8
c Heo Cp chre 0
15 13y 0 002 0 0006
2 59 -0 Ot =0 001
30 1 52 0 003 O 016

317 -0 002 ~0 0009

: The author 18 indebtcd to Dr C T Jones of the University of
Laverpool for providing dato on o number of cone flows with Y = 1 400



TABLE TT

Maxumm differences:

(Values wath ¥ = 1.405 throughout) - (values wath Y = 1.400 throughout)

eC

15

30

(o

M, 5 N Differences A,

w M OP CDPI'E o 1_1'

1. 3k 0.02 0.1 0.006 0. 00k 0. 001 0.002

2.59 0. Ot = 1 0.003 0.002 Q. 000 0. 004

1.52 0. 23 0.2 ~0.02 Q. 009 0.009 = Q05

217 0. O -0.1 ~-0.M 0.005 0. 003 =-0.002
NOI'AT TON

{See also Tig. 1)
ratio of the velocity of sound to the limrting velocity
total cross-section area
pressure coefficient (p - p )/2o V. 2
Mach number
static pressure
total head pressure
dynamic pressure woVe
redial coordinate (from the vertex of the cone)
radws (from the axas of the intake)
componcnts of velocity in the directions of increasing r and ©
ratic of the specific heats of air

anclination with respect to the intake axas of a ray through the
vertex of the cone

inclination of a streamline with respect to the intake axss
in the free stream -

immediately behind the cone shock

at the inlet section

immediatecly ahead of the cowl lip

on the cone
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FIG. 3a.

CURVES OF Cy pre o FOR Bz15°
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FIG.3b.

CURVES OF OU pre o FOR mnnwomv
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FIG. 3c,

CURVES OF Cp pre o FOR 8=225°




FIG.3d.
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FIG. 3e.

CURVES OF Cppre o FOR B230°
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FIG. 4a.

CURVES OF A./A, FOR 8;15°
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CURVES OF Aw/Ai FOR 8207
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FIG. 4c¢.

CURVES OF Aw/A; FOR 8.-225°
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CURVES OF A./A, FOR B_=25°

FIG. 4d.
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FIG.4e.

CURVES OF Aw/A; FOR 8¢=30.
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CURVES OF A FOR ©
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FIG.5b.

CURVES OF A FOR B8¢#20°
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FIG. 5¢c.

CURVES OF A FOR 87225,
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FIG.54d.

CURVES OF A FOR .=25°
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FIG.6a.

CURVES OF M FOR
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FIG. 6b.

FIG. 6b.
CURVES OF M FOR 8_=20°
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FiG.6c.

CURVES OF M FOR 8¢ =22-5°
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FIG. 6 d.
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FIG. 6e.

CURVES OF M FOR 8,30,
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VES
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FIG.7b.

CURVES OF Cp FOR 8¢ =20°
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FIG. 7c.
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FIG.7d.
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FIG. 7e.
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