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At any point P in space, these two characteristics will have slopes that
(“ are equal in magnitude and opposite in sign, and will be symmetric about the x-

' axis, as shown. The region in front of the point P enclosed by the characteristics
is known as the domain of dependence of point P. The region downstream of P,
enclosed within the characteristics is influenced by point P and known as the
domain of influence of P.

Domain of

inﬂu@e
X

Domain of dependence

dy/dx=-1/
/” In a general transonic flow, the quantity A can changz sign from point to
point. Thus, the TSD equation may be elliptic in some (subsonic) regions of the
.flow, parabolic on sonic lines, and supersonic and hyperbolic in other regions:

Sonic Line
A=0
P A o
>
71577 A<O . Supersonic
. -1 _ Subsonic, !
C/z 55t («:744’ - Elliptic Hyperbol:c

A<O
Subsonic, elliptic

Any numerical scheme must account for the fact that these three regions
may simultaneously exist in a transonic flow. The numerical scheme must be
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Subsonic Region

¢ (i,j+1)

(i+1,j)

1)) | G

o (iji-1)

Numercal Domain of

Physical domain of Dependence

Dependence

Figure 4.6 In elliptic regions, the node (i,j) depends on the
surrounding region

In supersonic regions, however, the point P is not influenced by points outside
the "Mach” cone, a wedge formed by the two characteristic lines, discussed in Chapter
[}

Wedge formed by Supersonic Region
Characteristic Lines -

Lij+1)
> Qi .
/‘7 / e > ) ‘-.—'—Ll(i,j)
5 (i) 20 (1)
"(irj'-l)
Phy"sical Domain of Dependence Numerical Domain

of Depdendence

Figure 4.7 In supersonic regions, the node (i,j) should depend
primarily on the information within the characteristic cone

Murrman and Cole argued that in supersonic regions, the finite difference
approximation should reflect the upstream bias, required by the physics of the flow.
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