AXISYMMETRIC FLOW FAR FROM A BODY IN THE VICINITY
OF THE AXIS WITH MACH NUMBER M_ CLOSE TO UNITY
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Suppose that an axisymmetric blunt body 1s placed in a stream, the Mach num~-
ber M, of which differs only slightly from unity. Let us consider the flow
in the neighborhood of the axls at a great distance from the body upstream.
The origin of coordinates 1s located at the critical point of the body, the
x-ax1s colincides with the direction of the undisturbed stream. In the
neighborhood of the axis
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Here u and v are the components of veloclty along the axes x and y
expressed in terms of the critical velocity, W(x,y) 1s the stream function,
s{r,) 1s the value of the velocity on the axis [1].

It is convenient to introduce a change of variables 1 = ¢r,, where
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~ The straight line rt = ¢ 1s [1] the shock wave (M, > 1) or the undis-
turbed stream at infinity (ﬂ‘c><;i)' The stralght line 1 =1 1s a limit
line,

By the same token, the limit line cuts the axis [2] at the point 1 = 1.
From condition D{x,y) /D (u,v) = 0, defining the existence of & 1limit line,
we find
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where A,, A, B, and B, are the coefficlents of the derlvatives of u and
» with respect to r; in the equations of gas dynamics in the plane T,y .
If 1 = L(y) is the equation of the limit line, then
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As a result of the boundedness of the numerator and the tendency tc in-
finity of the denominatwr [ = const = ] . The coefficients o, and », ar.
represented Lhus: @y == @y + &3y By = PBro + Bur  where Qe Bag recpectively,
are the values of ¢, ana B, when ¥, = 1, whilst g, and ¢,, are the
corrections required by the deviation of W, from unity. The quantitier
a;, and B8,, are determined by the expression of the perturbings potential
[3] for transonic flow (¥, = 1)
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where ¢ 1s an arbltrary constant. Making use of Formula {2}, we find thau
ay = 6c2AT, By =3cAth, Atr=1—1, c=ChE+ 1) (3)

The equation of moticn in the variables ry can be written in the form
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where [ 1s the pressure, expressed in terms of the dynamic head %pwukg,
Ue and p, are the veloclity and density of the stream at Infinity. Integra-

ting this equation with respect to rt from 1 — 41 to 1 and restrictin:
ourselves to terms of the lowest degree with respect tc 3 , we have
1
4 B B2 (N \
PR 2 Jat NI —
wF T AMIR @ 1 — (1~ AD NI+ 5N 5 =2 a,dt ItA)

— 1 /(-1
A=140(AMy, AM = |M,—1], N =/ (.1-:—:—*— )

The function f(7) is defined by the relation [1]
IN == (f=1—1""A7"y .., (T~ 1)) (5)

The quantities o,(e) and B,{¢) with ¥_ > 1 must satisfy the relation
on the shock wave

B2 () =4griay () AMZ =14 0(AM), My >1 (6)

whilst, when M, < 1, they must vanish (the condition that the stream is
undisturbed at infinity)

a; (e) =0, By (e} =0, M, <1 )

Expanding oy (7} and B,, {7) in series in the neighborhood of the §oinz
T = . and making use of equations (3) to {5) as well as congitione (1},

(6) and (7) (retaining. terms of the lowest degree in 4y, and assuming 8
n=1"h), we obtain 1))
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Accordingly, the corrections to the veloclty components y and »  at

the shock wave {1 = ¢ and ¥y > 1) expressed in termc of the critical velo-
city of the flow, are of different orders, namely

Uy ~ Ay ~ C1AM:c/;'y2’ vy~ By ~ caAM:,C;y (e1, €2 5= 0)

Guderley [ 3] wrote down the potential for axisymmetrlc transonic flow
(#, > 1) in the form

Dy = agy g C)) + oy (Mo — Vg G, %)+ ... (@e o= const) ()

The correction, grising from the difference between ¥ and unity, .15
proportional to AMM. This formula does not satisfy the boundary condition
at the shock wave. oc’Uomparison with the results of the present paper vhows
the inapplicability of Formula (9) for flow at a great dictance from the
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blunt body in the neighborhood of the axis.

From Equation (8) we can, in particular, obtain an asymptotic formula for
the function D(¥,) when M, ~ 1 (D is the distance between the shock wave
and the axisymmetric blunt body). The quantity p 1s equal [4] to

g
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where p 1s the density relative to p, . Using (8) we find that when #,~1
1 : d 1 d
T . L1
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Hence 1t follows that

D ~ 0.32353 (% + 1) C I (M — 1)
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