
CALCULATCION OF STRElMLINES 
WITH A KNOWN PRESSURE DISTRIBUTION 
ON THE SURFACE 03' A RICGD BODY 

(VYCHISLElIE LINII TOM PO IZVESNOMU FtASPREDELmIfU 

DAVLEJIIA NA POVBlKHNOSTI TVWDOGO TELA) 

PMM ~01.23, ~9 2, 1964, pp. 381-382 

G.I.MAIKAPAR 

(Moscow) 

(Received November 20, 1963) 

We shall consider the calculation of streamlines in an inviscid gas with a 
given pressure distribution on the surface of a rigid body. The problem 
reduces to the solution of a first order partial differential equation. 

In connection with the difficulties of calculation of three-dimensional 
gas flows and the need for including in the input data the felocity compo- 
nents (or streamlines) on the external boundary for the calculation of the 
boundary layer, there is interest In the problem of calculating streamlines 
from the known pressure distribution on the surface of a rigid body, obtained, 
for example, by experiment *. In accordance with the assumptions of boundary 
layer theory we shall assume that the gas is Inviscid, the bounday layer 
coinciding with the surfac? of the body, and that the flow is isoenergetic. 
We shall make use of an orthogonal curvilinear system of coordinates, such 
that coordinate lines p1 and are located on the surface of the body. 
For the solution of the formula ed problem we can make use of one of the 1" 
two equations of Ruler (projections of the acceleration at the surface of 
the body) 

For example, we may use the first together with the formulas for the determi- 
nation of pressure and density, arising from the second equation of Ruler and 
the equation of conservation of enel'gy 

(3) (4) 

Mere u and u2 
Lame coef&ients, 

are the projections of the velocity, H, and f12 are the 
and are constant along the streamlines, and y 

is the ratio of the ?pecific%eats. 

* A geometrical method of constructing the streamlines from a known pres- 
sure distribution is considered in a paper by Vaglio-Laurln [l]. 
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Calculation of streamlines on the surface of’ II rlsld body 

The third equation of Raler and the equation of continuity 
since they contain the unknown derivatives along the normal to 
the body. 
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cannot be used, 
the surface of 

Let 8 be the angle formed by the velocity w with the tangent to the 
curve 4,. If we substitute 

VI = wcose, Vs = ," sine 

in Equation (1) and make use of Expressions (3) and (4), we obtain 

_7- 1 %‘-wa 
27 W' 

case a0 sin 0 ae _ -- --- 
lI1 aq1 + Ha aq, 

i a In ~8 sin 0 a In (Hzw) co3 8 
H,----- aq1 If1 aql f-x-- a 

a In (HlW) 
a93 

This equation can however also be obtained from (2), if we consider the 
condition for conservation of total head along a streamline 

cos e ap, -_-+?!!I$~=0 
Hl 

Equation (5) is a first order partial differential equation for angle 0, 
and the right-hand side 

R=z.L 
27 

sin 0 a In H, -- 
HI aql 

depends on the coordinates q, and q2 and the sought angle 9 . 
Equation (5) reduces to a system of ordinary differential equations 

whose characteristics are the streamlines. To integrate the system (6) It 
is necessary to know the value of the total head p,, at the surface of the 
body and the angle 0 on any curve which is not a characteristic (Cauchy's 
pi*oblem). 

The problem is solved most simply for pointed body with the attached bow 
shock wave, since in this case we can assume that pO and 0 are known on a 
closed curve on the surface of the body, located close to the point, whichls 
not a characteristic. In the case of blunt body the value of pO Is constant 
on its surface andis easily determined if the flow has two planes of symmetry 
or if, in the case of spherical nose, the region of subsonic flow is bounded 
by the sphe13ical portion of the surface. In the latter case the angle 8 Is 
also known on a curve which 1s not a characteristic. If,however, the angle !3 
Is known only on one stl,eamline, I.e. on the characteristic streamline, and 
this Is so, for example, In the case of flow with one plane of symmetry, then 
this Is insufficient for the solution of the problem [2]. 

To obtain the missing Initial data we can make use either of a second 
sti*eamllne on which the angle 8 is known (a flow with two planes of sym- 
metry), or try to obtain supplementary data on the first characteristic 
curve. Let us consider the coordinate curve q,, located In the plane of 
symmetry of the flow, being at the same time a streamline. Differentiating 
(2) with respect to g2 and bearing in mind that on this streamline 

ac, ap 8311 ar1, 
7‘: : -.- = __ z-Y __ = _ .: f-J 

872 iA/? aq, arl2 
we obtain 
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or, since on this curve 80 / iIqz = 1 /w&,z / 8qa, then 

Integrating equation (8) we can find the value of ae/aal, needed for 
a solution of the system (61, in the case of a given angle e on the char- 
acteristic curve. At this critical point (m = 0) 

i-_) au, 2 -- 1 a2p au, i-4 2 1 a2p 
aq1 = - p aq12 ' 

=--- 

\ 672 P %7z2 (9) 

Equations (5) and (8) have the simplest form In the case of a plane rigid 
surface (H, = H, = 1, q1-2, 92=y) 

Integrals of the system (6) give the dependence of the angle e on the 
coordinates PI 
Equation (5) 

and p 2 and the streamlines on the surface of the body, From 
we can obtain a nonlinear second order equation for determining 

the streamlines [ 33 . 
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