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sutdldARY 

An optical method utllislng a stsndsmi schlieren system is used 
to locate the position of the shock wave surrounding a conical body at a 
free stream biach number of 4.0. An analysis of the conditions at the shock 
wave enable the surface pressure distribution to be calculated. Good agree- 
ment with experimental pressure dzmtributions is obtained except ~tl regions 
dominated by v~oous effects. 
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1. Introduction - 

Experimental measurements of the location of the bow shook-wave 
surrounding a conical body permd. the use of alternative methods for analysing 
the flow fxeld which are complementary to the measurement of properties on 
the surface of the body. These detaiLed investigations of the flow abput 
oonlosl bodies furnish essential data for the study of more complex three- 
~ens~ond flows. A luxowledge of the shock wave envelope is of interest since 

the overall forces on the forebody are closely associated mth the geometry of 
the shock wave, particularly at hlgb free stream Mach numbers. The proxmty 
of the shock wave to a oxcular cross-seotzon can be used as an rndioation of 
the extent of regzons of circularly conical flow. Furthermore, the valzdity 
of shook la er theories as well as those that predict the shape of the 
envelope lj3,3 can be verlfied by experimental measurements of both surface 
pressures and shock wave envelopes. 

2. The Model and Test Conditions 

The conical model used x.n the present tests has a cross-section 
consxtlng of an equdatersl trxngle, each of the three facets having a semi- 
vertex angle of 15O when projected onto a plane parallel to the longitudinal 
axu of the model. The dimensions and associated nomenclature are given in 
Fig. 1. The model is equipped with twelve surface pressure holes which were 
used to obtain the pressure dxtrlbutions referred to xn Section 4. 

The tests were conducted in the NPL 7 in. x & in. (17.8 cm x 11.4 cm) 
blowdown wind tunnel at a sta ation pressure (po) of 75 p.s.i.a. (517 m/g) J 
.a stagnatIon temperature (To of 280°K and a free stream Mach number of 4.0 . 

3. Construction of the Shock-Wave Envelope 

A standard schlieren system with the usage plane set parsUe to 
the flow axis is used to obtain photographs of the shock wave (Fig. 2). The 
image is a proJection of a part of the shock wave that 1s tangential to the 
lx&t beam passing through the test-section. Suocessxve photographs are taken 
w1t.h the model rotated about the free stream axis and the complete shock wave 

envelope can then be constructed geometrxally from the tangent planes. In 
Fig. 3 a construction for the model at zero lncdence IS shown in .!a plane 
perpendxular to the free stream axes; all cross-sections are alike since the 
shock wave 1s also conical. A section of the shook wave is sketched in 
Fig. 4 in which the radisl distance from the flow axis to a position on the 
shook wave is given by 

r(+g) = k ta es , 

where r($s) is the radial distance from the flow axis to a point on the shock 

wave determined by the meridional angle #s 

e s is the angle between a generator ~fl the shock surface and the 

free stream tireotion 

and k 1s a scale factor. 

1 
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The tangent plane obtsmed from the schlieren photograph for the 
model rotated through an angle $m is tangent to the shock wave at a meridional 
angle $s . Thus, 

. 
tanem = t8.n es cos ($J, - $1 . . . (1) 

. where 0 m is the inclination of the tangent plane to the free stream axis. 

A section of the shook surface at a merdional angle $s can be 
oonsldered as equivalent to a section of a plane oblique shock wave or of a 
conzoal shock wave with circular cross-sectlon. The incllnatlon of the 
section of shock wave is then 0 m , given by equation (1). 

4. Calculation of Surface Pressures from the Shock Wave Envelope 

At high Mach numbers Newtonian theory and other shook layer theories 
are commonly used. These theoretical treatients implIcitly assume constant 
flow properties between the shock wave and the body surface and are local in 
their applicatzon; thus any change XI the geometry of the model surface does 
not affect the flow properties at an adJacent unchanged section. For these 
theories to be applicable it is generally assumed that the shock wave should be 
ClOSe to the surface and the free stream Mach number relatively large, 1.e. 
M >> I and M 6 > 1 , where Sn ba - n is the local inclination of the surface. 

. The questzon 81'1888 whether a shock layer theory can be applied to 
bodies similar to that of the present investigation at Mach numbers as low as 
4. The value of M 6 00 n is approximately unity; however, the shock wave 

. cannot be regarded as close to the surface (Figs. J, 7 and 8). It has been 
demonstrated elsewhere 485 that the simple local theories such as tangent 
cone andNewtonian, are inadequate when applied to the surface of the body. 
Since the shook wave is formed. by interactions of various parts of the flow 
field a 1ocaJ. theory applied to the shock wave, rather than the body, can furnish 
information about the flow properties at the surface of the body providing a 
suitable technique can be established for deciding whzch part of the hoe 18 
affected by a particular section of shock wave. 

The straightforward analysts presented here assumes that 

i) the shock wave 1s constructed from arcs of shock waves produced 
by circular cones at zero ticldenoe, and 

ii) a section of the shook surface affects a part of the body where 
it is intersected by the normal to the shock wave - with reference 
to Fig. I+, a point P on the shock wave affects point N on the 
body. At least close to the shock wave the velocity vector 
downstream of the shock wave is IUI a plane containing points P, N 
and the vertex of the body. 

An explzclt. relationshIp between the shock angle, em and the 
1 surface pressure does not exist for a cone at zero lncdence, therefore en 

expresszon has been introduced which closely approximates to the relatIonshIp. 
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An equation for the pressure coefficient, C in terms of the free stream 
Mach number, M, , and the shock angle em , ' kn be obtained from the oblique 
shock relations as 

4 1 
cp = ------ 

(y+l) c 
sir? em - --- 

",' 3 

An approximation for conical flow can be made from the two-dimensional 
if 

1 
C = 

P k 
c 

sti em - -- 
Ida 3 

flOW 

E 

The vdlue of k can be estimated from the conditions when the 
shock wave is perpendicular to the free stream direction (Om = Tj/2) xn whhlch 
case the pressure coefficient is given by 

------------ 
St = %; ; “, P 

” ” 
where pt is the total pressure of the free stream flow measured down stream 
of the shock wave. It is therefore possible to find the value of k such 

thet CP=Cpt 
when Bm = lT/2 ; thus 

k= pt - pm -^---------------- I 
3 Y P,Mma ' - E a [ 1 Q) 

For Ma = 4, k = 1.92 and ths surface pressure can be written 

p/p, = a.~&? {ina em - 0.016) , . . . (4) 

where p, is the stagnation pressure measured in the settling chamber of ths 
tunnel. 

Equation (4) is plotted in Fig. 5 and a comparison mth the conical 
flow solution demonstrates the acceptable accuracy of the explicit relationship. 

The surface pressure distribution calculated from the shock wave 
envelope for the model at zero incidence is presented in Fig. 6; favourable 
agreement with the experimental results is achieved. 

The shook wave envelope for the model at incidence can be obtained 
using a similar technique to that alreaQ described. A crsnked adaptor, set at 
the required inczdence, is attached and locked to the model; the complete 
assembly is then rotated in 15’ increments about the axis of the sting mount 
which is set parallel to the free stream ax=s. The vertex of the model 
therefore &scribes a circular path about the longltudxxal axis of the tunnel. 
The construotlon of the shock wave envelope from the schlieren photographs, 
although more tedious, can be accomplxhed using the same method as for the 
model at sero incidence. 

Cross-sections/ 



Cross-sections of the envelopes in a plane perpendicular to the 
free stream direction are shown in Figs. 7 ant 8 for the model at +8X 
incuience and -8.P lncuience. Comparison of the three envelopes (Figs. 3, 

. 7 and 8) reveals that small distortions of the envelope occur with respect 
to the model axes but the complete envelope is displaced with the body as the 
mcidence is changed. This effect is in accordance with the first order 
theoretical result 7 for circular cones at small angle of attack. 

> 
The pressure distributions calculated from the shock wave envelopes 

utilising equation (4) are shown in Figs. 9 and 10 for the model at +8.8'=' and 
-8,8' incidence. The calculated values show reasonable agreement with the 
experimental pressure distributions except for regions that are dominated by 
leading edge effects. The calculated values are radically s.n error on surfaces 
that support an expansion and subsequent separation at the leading edge. The 
regions affected by sep rated flow are marked in Figs. 9 and 10 and simple 
criteria are available 8 for identifying these regions. The reduction in 
pressure outboard of the stagnation line on a ccmpress~cn surface is reproduced 
by the method but the location of the stagnation line is further outboard than 
the calculated pressure distributions indicate. A large proportion of the 
differences must be attributed to small errors in the measurement of the shook 
wave angle and the geometric construction of the shock wave envelope since 
the surface pressure is very sensitive to small changes of the shock wave angle. 

In high Mach number short-luraticn facilities (i.e., shook tunnels, 
eto.) it is often difficult to obtain surface pressure measurements. The 

l optical technique used. to obtain the location of the shook nave envelope and 
subsequent calculation of the surface pressures should therefore prove useful. 
For free stream Mach numbers in exoess of 4 the shook wave approaches the 

. surface of the body and the assumption that fluid properties are constant 
along meridional planes perpendicular to the shock wave becomes more realistic. 
The accuracy of the method should therefore increase for higher free stresm 
liach numbers. Nore experimental evidence is required to justify use of the 
technique at Xach numbers significantly loner than QO. 

5. Conclusions 

The optical technique described in the present note enables the 
shape Of the shock wave surrounding a conical body to be obtained in a simple 
and quick fashion utilising a standard schlieren system. 

Surface pressure distributions calculated from the shock wave 
envelope are in good agreement with experimental results for a triangular-section 
conical body at eero lift for a free stream Mach number cf4.0. At other 
incidences the predominance of visccus effects near the leading edges makes the 
method unsuitable although the calculated pressures on surfaces free from 
excessive viscous effects are in good agreement with experiment. 

This technique should prove especially useful in conjunction with 
high Mach number short duration facilities by providing an estimate of surface 
pressure distributions. 

. 
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ESTIUTION OF SURFACE PRESSURES FROM OBSERVED SHOCK- 
WAVX ENVELOPES SURROUNDING CONICAL BODIES AT M = 4.0' 

The shape of the shock wave surrounding B tnangu- 
lar-section conical body is constructed from photographs 
obtained with the use of a standard schlleren system. 
The locatzon of the shock-wave envelope 1s then utilised 
to calculate the surface pressure tistnbutions, which 
show good agreement with experzment except m regions 
dormnated by viscous effects. 
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ESTIUTION OF SURFACE PRESSURES FROM OBS2RVED SHOCK- 
WAVE ENVELOPFS SlJRROUNDIh'G CONICAL BODIES AT M = &O* 

The shape of the shock wave surrouding a triangu- 
la--section con~albody 1s constructed from photographs 
obtaued with the use of a standard schlleren system. 
The location of the shock-wave envelope 1s then utdlsed 
to calculate the surface pressure distributions, which show 
good agreement with experiment except in reguns domma- 
ted by viscous effects. 
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ESTIMATION OF SURFACE PRESSUBES FROM OBSERVED SHOCK- 
WAVE ENVELOPES SURROUNDING CONlCAL BODIES AT M = 400' 

The shape of the shock wave surrounding a triangu- 
lar-sectlon con~al body is constructed from photographs 
obtaned with the use of a standard schlleren system. 
The locatuan of the shock wave envelope 1s then utilised 
to cdculate the surface pressure dutnbutlons,whlch 
show good agreement with experiment except II~ reguns 
dommated by viscous effects. 
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