CHAPTER I
BASIC IDEAS

1. INTRODUCTION:

The differenti@l,gquations govéring the flow of gases
are based on the conservation of mass, mometum and energy.
These, together witﬁ appropriate euxiliofy conditions, deter-
mine the'(mathematicélj state of the gas. gas flows are often
characterized by intefnal'd;scontinuities, thai is shécks

may sappear in the flow ¢of the gas,

In this chapter physical and mathematics plcture for
shock waves are given also the Rankine-Hugnoniont relations

({R.H.r.) are included.

In the rest of th'e""preseﬁt chapter wve give some general
ideas about Eulerian an!d Lagrangian approaches, discretiza-

tion in Computational'Fldid Dynaﬁics and limitations imposed
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by computers.

2. PHYSICAL PICTURE OF A SHOCK WAVE

Consider the propagati&n of a wave in a gﬁs, ﬁroduced
for example, by.=a 5qa11 compreésive displacement of a pis-
ton at ohe end of A.iong tube of the fluid iniiiglly at rest.
Describing this situation By the lineariesed hydrodynamié

.equaﬁions, we_finﬁ that a pressure wavelbf éonstn§
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shape travels down fh? tube with therpeéd of sound. Such
a wave is called a sound wave. Suppose that the displace-
ment of the piston 1s no-longer small, to describe the
motion we must retain the non-linear terms in the equations.
‘We fina‘fhat the profile of the wave changes shape as it
moves down the tube, fhe glope of the wave front gridunlly
steepening ( see Fig.l). ;;‘ The increasing slope means ,
that the pressure gradient‘acrosdrthe wave front 1s increa-
sing, as are the gradients of density and velocity. Even-
tually if the tubeiis long endugh these gradient become so
large that neglect of the‘pﬁysical diffusion dissipation
processes ( heat conduction'and viscosity) is no longer
Jusfiried.'Includiﬁg the appropriate physical diffusion
processes we £ind. that the steepbess of the wave front is
limited so th;t it reaches a steady shape known as the
permanent regimé pr;file.'It is the steady profile pquu-
ced by the balance of non—iinear and diseipative effects
which corresponds to shock vave. The physical explanation
of thesg ﬁoditications of the gimple wave pictu¥§ is as
follows. The non-linear effects arise from two_source;.'
Since the sound gpéed‘inere#seé with preésure the wave
velocity at A(rig.i}: is greater than at B.:ﬁoreover,‘
the fluid veloelty varies across fhe wave front,being .

| éréater-at A thag at B. Thus both fluild and vave veloclity.
are greater at A than at B,.-o;thﬁt A‘tenda to chtéh-ﬁp
with B, cuusins the-vive front to steepen. The physical
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