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Some curves for use in caloulatlons of the performance 
of conxal centrebody intakes at supersonlc speeds 

and at full mass flow 

L.E. Fraenkel 

This note presents curves of a number of parsmeters whloh frequently 
OCCLU- m calculations of the pwformance of conxx~l centrebody intakes 
at supersonic speeds anii full lmlss flow, These parameters follow du- 
ectly from the thooret~oal supersonIc flow past cones. 
of 15O, 20°, 22.5", 25O, and 3o” 

Sem-cone angles 
are consdaxd, and the range of free 

stream Mach number IS approxxmately 1.3 to 3.0. 
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1 IntrcductlOn and Descrlptlcn of Curves 

Ths note present curves of s. number of parameters whdh frequently 
occur m calculatlcns of the performance of ccnlcal centrebody dxikes 
at superscnnlc speeds The curves aoply only to the full-mass-flew ccn- 
iiztmn for a given geometry and Kacb number, ana ccntaln ncthmg that 1s 
new x3 pr~..nclple, tbcy follow duect~y from the Taylor-h&cccl1 sclutlcns 
for the superscnzc flew past ccne = which have been tabulated m ref 1 

The fcllcwlng parametus are plctteil 

(1) The mch-atmn of the cone shock wave ev,, plotted ns a 
$nctmn of Ms& number (M, = 1 3 to 3 0) for a range of cone angles 

c = 15, 20, 22 5, 25, 30 degrees) 

(11) Th. 'pre-entry' drag ccefflclcnt?, cqm 0' whlc~ 1s due 
to pressures actuxg on tbc boundary of the entuxng stream tube between 
the ccne shock and the uLt ssctlcn 
dock I.S ~ttnched to the cowl 11~) 

(It 1s assumed that the second 
CD,,, c 1s thus dcfmd by 

c, 
1 

=7;; J 
cP 278 dR 

pre c (1) 

(It sIwuld be noted that the referen? area fi~.re 1s Al, and not the 
maXunum crcs,-scctlcn area of the stake) 

(111) Tic full lmsss fair rat10 -L/A, 

(l-7) TiY3 ngle of the flcv (vntk respect to the intake uls), the 
Ma& number, and the pressure cceirlclent at pclnts In the ccn~cal flow 
field These we denoted by h, M, Cp respect3vely 

h and M are lwluded bLc&usc their vsldes urmetiately ahe of 
the cowl lip must be known If the lip 1s to be designed. for an attxhed 
shock If cp 1s also known, the lnltl 1 pressure on the cowl may be 
detorrmnd exactly by m-n" G cf cbllque shock or Prandtl-Leyer expanslcn 
tables 

2 Detnlls of ttx Cdculatxw 

In tIx pcl r cccrdu td (r,8) of Fig 1 the Lqudtlcn of a 
streamline 1s 

e 
:dO +lcgk, (2) 

* This qusntlty must oe lncluaed In the drag lf tbt conventlcnnl 
dcflnltlcn 10 used for tbc. thxrllst of u turboJet or EmJet, because ths 
deflnlt~on of thrust ccnsldus 'cl% change m momentum between the exl+ 
of' tbc eng-n‘ and tie unduturbed stream abesd of the intake 
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wkere 81 3.~3 some fza3. reference value such tbt e. C 8, 6 8 C ew, 
and k 1s a constant to be determmed. Futtlng r = r, when 8 = Bw 
we obtain 

Values of R/R, vere calculated by evaluating the integral m (3) 
the values of u and Y tabulated UI ref. 1 ud numerically usmg 

mcremcnts of 0 

The prcs sure 
calculated from 

of two degrees. 

at the centre of each increment of stremllne was then 

Y 

-E= .A&. 
( > 

fl 

PtW y-1 

where a 1s the ratlo of the local velocity of sound to the llrmtly 
velocity (or the velocity 'u3to a vacuum'), and 1s tabulated 3.n ref. 1. 

Tbz local Mach number and flow uxllnatlon were calculated from 

and 

The rat3.os 

j/$=1- 2 
.2 S' 

h = e + tan-' V . 
u (6) 

PtW ptw p, and -=- 
/ 

2% 
pea w pt, Pt e, (7) . 

mere calculated from the tables of ref. 2; pt&t, was found by ta% 
the component of Mach number normalto the shxk and using normal shock 
vave tables. 
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"ap re 0 03) 

the integral being agax.n evaluated numerically vvltb increments of 8 of 
two aegr&Y 

3 The Effect of Dlfferent values of Y 

The value of Y m ref 1 1s 1 4.05, this value was therefore used 
throughout the work, wltb the exception of t& ratlo p&p,, wblch for 
convenience was calculated from tables with Y = 1 400 

jIben the work had been completed data became wallable* tuh~ch made 
possible an approxlmatc check on the effect of different values of Y 

8 
The comparisons below were made for fixed values of M, Bc and 

Thy can only be regarded as approximate estxnates because they are 
the result of oonslderable mtcrpolatlon, znd of numerxal mtegratlon 
m th6 cad of CD ma r&AA However they do show that, as 
rmgbt bc c~ectod,P~~eoeffect of using different values of Y 1s not a 
serious one 

TABLE I 

Maxxnum differences 
(Vzluts vilth Y = 1 4.05 throughout) - (values of tbls note) 

BO 

15 

30 

& 

1 34 
2 59 

1 52 
3 q7 

Differences 
CP '+e 0 

0 002 0 0006 
-0 Obl -0 0001 

0 003 0 0016 
-0 002 -0 0009 

The author LS lndebtcd to Dr C ir Jones of the Unlverslty of 
Liverpool for provldlng d&i on a number of cone flows ath Y = 1 400 
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TAi3J.E II 

Maxumm differences: 
(Values with Y = I.405 throughout) - (values with Y = 1.400 throughout) 

% 

15 

30 

a 

A 

cP 
M 

P 

pt 

9 

r 

R 

u1-J 

Y 

9 

h 

(L 

( )w 

( 11 

( 4 

( )c 

w4 

j.34 
2.59 

1.52 
3.17 

ew 

0.02 
0.01 

9.23 
0.04 

A 

0.1 
-0.1 

0.2 
-0.1 

DlfTt?lWVXS 
EiI % 

o. 006 0.004 
0.003 0.002 

-0.02 0.009 
-0.01 0.005 

'Dpre o 

0.001 
0.000 

0.009 
0.003 

NCfi'AT'ION 
(See also Fig. 1) 

ratm of the velocity of sound to the llrmt3ng veloc3.ty 

total cross-seotlon drea 

pressure coefflclent (P - %)/&p_Vm2 

biach number 

stat10 pressure 

total head pressure 

aynamc pressure &v2 

radial ooordmate (from the vertex of the cone) 

radrus (from the axis of the mntake) 

components of velocity m the dmectlons of mcreasmg r 

rat10 of the speclflo heats of au 

52 
81 

0.002 
0.004 

-0.005 
-0.002 

and 6 

molmatlon vrlth respect to the intake axu of a ray through the 
vertex of the cone 

lnclmat~on of 3 stremllne with respect to the mt&e axm 

m the free stream 

xmnedmtely bchmd th cone shock 

at the mlet section 

mnedlctcly ahcad of the cowl lip 

on the cone 
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