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Let us consider an arbitrary blunt body placed in a uniform and steady gas
flow having velocity V, pressure p„ density f and Mach number  M.  It is
well known that in such a case a detached shock wave appears which divides
the flow in two parts — the disturbed and non-disturbed one. The flow
directly behind a wave will be subsonic at the points where the angle between
the velocity vector V and the shock surface is nearly ninety degrees. If a
body is bounded in a direction perpendicular to the velocity vector Fx, then
somewhere downstream, the flow again becomes supersonic and the sonic
surface encloses the subsonic nose region.

Bearing in mind this consideration, let us formulate the problem. For a
prescribed body we seek the solution of the equations of gas dynamics in a
region situated between the shock wave and the body. The boundary con-
ditions are the usual conditions on the body surface and on the shock the
position of which must be determined. If the body has finite dimensions, there
is no solution of such a form in the whole neighbourhood of the body. As a
rule somewhere downstream the second tail shock wave arises. However this
does not affect the supersonic and subsonic regions upstream where the
solution may be found independently. So the complete problem is divided into
two problems, the subsonic and supersonic ones (Fig. 1). The first problem is
to determine the flow near the nose in region I where equations are of a mixed
type and the second is the calculation of a flow in purely supersonic region II.
The solution of the latter was given earlier in ref. (1).

Here we shall consider the solution of the former problem. The region I
has as its boundaries a shock wave, the body surface and a sonic surface, or,
more correctly the limiting characteristic surface. The limiting characteristic
surface can be defined as a characteristic surface which is farthest away from
the sonic surface among those which have common points with the sonic
surface. The boundary conditions on the wave and on the body are the usual
ones and there is no need for any boundary conditions on the limiting charac-
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teristic surface. Now as the subsonic region disturbances are distributed from
each point in all directions, the flow should be determined in the whole
region E at once. For such problems the so-called stabilisation method has
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FIG. I

proved to be very effective. This method is based on the physical fact that a
steady flow around a body arises if the body moves for a sufficiently long time
at constant velocity. Therefore it should be expected that under constant
boundary conditions on the body and at infinity the solution of the non-steady
problem will tend to the solution of a steady one as time tends to infinity.
Since equations of a non-steady flow are always hyperbolic, the task is
reduced to the solution of a mixed problem for a hyperbolic system. The
boundary conditions for a given problem should be formulated on the surface
of the body and the shock wave, the position of which is not known a priori.
Instead of the characteristic surface it is reasonable to draw in the supersonic
region the surface Ft which has a spatial type(4). As on the characteristic
surface it is unnecessary to formulate any boundary conditions on it.

Thus to determine a three-dimensional flow around a blunt body one needs,
as a rule, to solve complete equations of gas dynamics. H owever, the situation
may be simplified if the body nose part has a spherical shape and the flow is
axisymmetric. It is sufficient to have axial symmetry only in region I with
respect to the incident flow velocity vector. I t will take place if the intersection
of the limit characteristic surface with the body surface lies entirely on its
spherical part. Thus, it is possible to compute a three-dimensional flow around
spherically blunt cones to considerable angles of attack solving an axi-
symmetric problem in the nose part(2 ' 3)

•

If the nose part of the body is not spherical it is necessary to solve the
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general gas dynamic equations with four independent variables.
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Boundary conditions are:
On the body:

(2)
On the shock:
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The speed of sound  c  and the enthalpy  h  entering the equations are thermo-
dynamic functions of pressure and density. Their precise form depends on the
equations of the state of the gas.

Now let us introduce a co-ordinate system  rj, 0, t)  connected with the
body and the shock in such a way that the body surface should have an
equation = 0 and the shock surface an equation =1. Let us draw in the
meridional plane  0 =  const a ray  A(ri, 0)  from the point  0(:: = r  =0) at
an angle ilto the axis z. Let  G(n, 0)= OA  and F(11, 0)= OB where  A, B are
points of intersection of the ray A with surfaces of the body and the shock
wave, respectively (Fig. 2).
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FIG. 2




















