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This equation can in principle be solved in the same manner as (13), but, depending 
on the form of w, we may not have an explicit integral like (14). 

The assumption 8, = 0 in the general case implies (8  - w ) ~  = 0 or 0 - w = - w,(a). 
The resulting approximation can be expected to be valid a t  least in cases in which the 
behaviour of the gas does not differ too greatly from that of a perfect gas with constant 
specific heats and y = 1.4. I n  particular, it has been shown (see Hayes & Probstein 
1966, $7.2) that shock expansion theory tends to lose accuracy if y is allowed to 
approach 1. 

Appendix B. Tail shock for a symmetric airfoil 
In  general, the solutions above and below the airfoil can be computed independently, 

up to the appearance of the tail shocks. The flows from the top and bottom interact 
behind the airfoil, which complicates the computation of the tail shocks and the flow 
behind them. The upper and lower regions behind the airfoil are separated by a 
contact discontinuity, or slipstream, across which 19 and p are continuous, but the 
other variables jump. I n  the case of an airfoil symmetric with respect to the x axis 
the slipstream coincides with the x axis, and can be considered a rigid boundary. 
The problem is still quite different from the front shock problem, because the flow 
upstream of the tail shock is not uniform. 

The transformation to aP co-ordinates behind the tail shock can be chosen differently 
than that ahead of it. I n  particular, i t  is more proper to regard the C- characteristics 
as the principal characteristics, since the C+ waves are only produced as reflections 
of the C- waves, which originate a t  the tail shock. The approximate solution is some- 
what more accurate if the C- characteristics are used. On the other hand, for numerical 
work it is better to take the C+ characteristics as the co-ordinates, because this has 
the effect of putting more points near the trailing edge, where a rapid variation in the 
solution occurs. We keep a constant on streamlines as they cross the shock, and 
normalize p behind the tail shock so that the infinite region behind the tail shock is 
mapped into a finite region in the ap plane. I n  the calculations presented here, this 
was done by setting P3(01) = 1 + +a, producing the triangular region shown in figure 3. 

The approximate solution used for the flow over the airfoil cannot be conveniently 
employed for the flow behind the tail shock, because the non-uniform flow to its left 
makes it impossible to calculate Po(&) and s(a)  a priori for use in (20). Therefore the 
simpler of the approximations given in $ 4 is used: 8 = 03(P), p = p g ( P ) ,  and s = s3(01). 
All the characteristics intersect the x axis, where 8 = 0, so B3(P)  = 0, and hence in this 
approximation 8 = 0 everywhere. This turns out to be quite accurate (see 5 6). Given 
that 8 = 0 behind the tail shock, i t  is possible to solve the shock conditions for the tail 
shock angle y 2 ( a ) ,  in terms of the solution upstream of the tail shock, which we 
assume has been previously computed. This also determines p3@) and s3(01), and gives 
an ordinary differential equation to solve for the tail shock P2(a). It is possible to 
derive expressions for x and y similar to (14) and (15) for the region behind the tail 
shock, which will involve a new function A3(a).  An explicit solution for A3(a) can be 
found in this case, involving the computed tail shock trajectory. 

The iteration scheme proceeds essentially as before. Given r-(a, PJa)) from the 
shock conditions, we integrate (2 1) along C- characteristics down to the slipstream 
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a = 0. Then we reset r+(O,p) = - r - (O ,p ) ,  and integrate (22) upwards to p3(u). The 
new r+ and r- define a new 8(a, P3(a)), which is used to solve for a new shock p3(a) and 
new functions v2(a), s3(a), and ?--(a, ,8,(a)), with which we start t,he next iteration. 
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