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N this paper! two new self-similar solutions for two-dimensional

laminar hypersonic boundary layers are derived to complement
previous well-known solutions.? A feature of the new solutions is
that the self-similar body shapes are preceded by a plain ramp, on
which, presumably, a boundary layer develops upstream of the body,
which generates a power law or exponential self-similar boundary
layer. It is necessary at the junction between the ramp and the curved
body that the boundary layer is continuous and hence that the bound-
ary layer generated by the ramp is a solution of the downstream
self-similar curved body boundary layer. That is, the distributions
of density, velocity, and entropy across the boundary layer at the
junction must be the same for both the ramp and curved body self-
similar solutions.

The transformed y coordinate across the boundary layer is given

by Inger’s’ Eq. (1) to be
U, /y
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where U, is the velocity at the edge of the boundary layer and G is a
function of x found as part of the solution. This y transformation can
be made the same for both boundary-layer solutions at the junction,
by choosing appropriate values of arbitrary constants that appear in
the solutions for G, to make the value of G at the junction the same
for both solutions.

Based on this common y coordinate transformation, the variation
of the velocity and entropy across the boundary layer must be the
same. For self-similar solutions, these are given by Inger’s Egs. (14)
and (15) to be
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The boundary layer on the plain ramp can be described by the self-
similar solution of Eqs. (2-5) by putting A = 0 in Eq. (2). The
boundary layer on the power law or exponential downstream body
is described by A(1 — 1/y) being a nonzero constant (for a curved
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body). The variation of f and g with n given by Egs. (2) and (3)
depends on the value of this constant and differs for different values
of the constant. This is illustrated, for example, in Inger’s Fig. 3,
where a change in Bcg [= —A(1 — 1/))] results in a change in the
shear function at the wall.

Hence the variation of f and g with n at the junction where
A(1 —1/A) changes value is not continuous for the two self-similar
solutions, and the initial boundary layer at the start of the curved
body will not have the correct self-similar form. Thus, certainly
near the beginning of the curved self-similar region, the boundary-
layer distribution and other dependent boundary-layer values must
be expected to differ from the self-similar analytically derived ex-
pressions of Ref. 1.
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N the paper by Inger,' two new self-similar solutions to the two-

dimensional laminar hypersonic boundary-layer equations are
found, which complement the previous two well-known solutions.>
All of these solutions are power law or exponential solutions valid
for particular x coordinate transformations £ = £(x). Solution cases
1 and 3 of Inger’s paper are valid when £ = x and cases 2 and 4
when £ is a function of

/ Pedx

This separation into various cases' for various £ is shown here to
be unnecessary, for they are all examples of a general solution valid
for all £.

To obtain solutions that are self-similar, the coefficients of the
terms in f(n) and g(n) in Egs. (5), (6), and (9) of Ref. 1 need to be
constants. These equations can be written as
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