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Instability Theory of Shock Wave in a Channel

Xu Fu Chen Le-shan

(Institute of Mechanics, Chinese Acedemy of Sciences, Beijing)

Abctract

The insiability thiory of shook wave wos extended from the case wilh nn
infinite front'ti vo {h. rase of a channel with o rectangularc cross section *First,
the maithematical formule*jon of the problem was given whizh incleded & system
of dislurbed equations wnd three kinds of buuudi1y condicions, Then, the general
solulions of thec equations upstream and downstream were given and each contained
five consiants to be determined, Thirdly, ander onc boundary condition and one
assumpiion, it was proved that =1l of the disturbances in [ront of the shock froni
and onc of the vwo acoustic disturbances bchind the shook fron: should be zero,
The boundary condifion was ihat all of the disinrbed physical quantilies should
approach to zero at infinity, The assunip'ion was that only i{he unstable shock
wave was concerncd here, So it wss rcasonsable lo assume @=i¥, ¥ wus the insta-
bility growth rale and wis a positive real nunber, Ano'hir kind of boundary
condiltions was that the normal disturbed velocitivs should b~ zero at the solid
wall of the channcl, and it led to the result tha® ths wave numbers of disturb-
ances could only bz 3 set of discrete valucs, Tinaily, a tot~l of five conservation
equations across the disturbed shock fromt was ihe third kind of boundary condi-
tions which was used to determine the remained four undetermined constants down-
stream and an undelermined coustanti represeniing the ampliinde of disturbed

shock front, Then a dispersion relation was derived, The rcsults show that a posi-
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tive real ? does exist, so the assumption made above is self-consistent, and there
are two modes, instead of one, for unstable shock, One mode corresponds to ¥V=—
Wh(W <0), 1t is a newly discovered mode and represents an absolute instability
of shock, The instability criterion derived from another mode is nearly the same
as the one obtained in [2,3],in addition, its growth rate is newly derived in this
paper, and on this basis, it is further pointed out that at j3(0V /0P)y=1+2M, the
shock wave is most unstaale, i,e. its nondimensional growth rate M=o,

If @ is assumed to be a complex number with Im(w)>0 instead of being as-
sumed a pure imaginary number at the beginning, it can be proved in section V
that there are stili two modes for the imstability criteria, besides, ihe roots @ of

the dispersion equation are still imaginary,

Key words shock wave, shock wave in a channel, instability theory of shock
wave, shock wave stability



