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Equations of 1D ideal gas dynamics and symmetries
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projection
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Similarity solutions of gas dynamics

Similarity solutions (Guderley 1942)

velocity u(r,t) = (ar/t)u (&)
sound velocity c(r,t) = (ar/t)C($)
density p(r,t) :Po(r/ro)KG(f)

are invatiant under general scaling generator

G =10, +ard, +(a-Yud, + (o -1)C0, + axo0 ,

It allows to reduce the gas dynamics eguations to

dUu A,(U,C) diné  A(U,C)
dC  A,(U,C) dC  A,(U,C)

Similarity coordinate:

r/r,

INE

Two free parameters:

a,K,

G=GWU,C,¢$)
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Material

Proflesat =0 (& =o0)

u(r)= u, r* (A=1-1/a)
c(r)=c, r*
p(r)=p, r*
p(r)=p, r*™
Entropy
plp’ = Ao r‘ (s=x(y-1+2A1)

isentropic £=0

Mach number

M =u,/c,



parameters
a, kK, N,y

For details see:

Atzeni & Meyer-ter-Vehn
Physics of Inertial Fusion
Oxford University Press 2004

Guderley solution

G. Guderley,
Luftfahrtforschung 19, 302 (1942)

du A,(U,C)
dC  A,(U,C)

solve to get U (C)

diné AU,C)
dC  A,(U,C)

integrate to get £(C)

C=C($)
U =U($)
G=G(U,C,¢&)



Self-similar implosion of hollow shell

Meyer-ter-Vehn, Schalk, Z. Naturforschung 37a, 955 (1982)
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P, describes gas state in center
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Mach number and entropy determine implosion
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a=0.7
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at void closure (t=0)

M =u,/c, =const

key result

p./p,=3.6 M°

e=k(y-1)+2l/ax-1)=2.85



Stagnation pressure scaling

Meyer-ter-Vehn, Schalk, Z. Naturforschung 37a, 955 (1982)
Kemp, Meyer-ter-Vehn, Atzeni, PRL 86, 3336 (2001).
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Ignition energy scaling
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2 2nn 6 if imp Ma
p, pP.M

Atzeni, Meyer-ter-Vehn, Nucl.Fus. 41, 465 (2001)
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scaling extracted from large set of simulations
Herrmann, Tabak, Lindl, Nucl.Fus. 41, 99 (2001)




J. Lindl et al. Physics of Plasmas 11, 339 (2004)
S. Atzeni & J. Meyer-ter-Vehn Physics of Inertial Fusion Oxford University Press (2004)
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A self-similar isochoric implosion for fast
ignition
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n=3,y=5/3 a=1x=0, £=0

Disadvantage:

Low Mach number,
return shock weak,

Almost full pressure
of igniting fuel
(>100 Gbar)

has to be balanced
by external piston



High Mach number, nearly isochoric solution: o =0.9,¢=0.1

Imploding shell
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Projection symmetry holds for n=2/(y -1)

Book (Chapter 6.6)

G, =t°0, +rt0, +(r —ut)o, —cto, —nptd,,

allows to generate new solution from known solution

exp(ng){r,t,U,C,p}{r(o),t(o),u(o),C(O),p(O)} :{r(g),t(g),u(g),c(g),p(g)}

old solution projected new solution
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Projected solution

projection
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Conclusions

Similarity solutions provide deep insight
Into the gas dynamics of ICF implosions

They also serve as a guide for isochoric implosions
In the context of fast ignition
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