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Equations of 1D ideal gas dynamics and symmetries
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Similarity solutions of gas dynamics
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Similarity solutions (Guderley 1942) 

are invatiant under general scaling generator
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It allows to reduce the gas dynamics equations to



The similarity coordinate /r t  
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Guderley solution
G. Guderley, 
Luftfahrtforschung 19, 302 (1942)
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For details see:
Atzeni & Meyer-ter-Vehn
Physics of Inertial Fusion
Oxford University Press 2004
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Self-similar implosion of hollow shell
Meyer-ter-Vehn, Schalk, Z. Naturforschung 37a, 955 (1982)
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shock

Mach number and entropy determine implosion

nearly uniform pressure
behind shock
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Stagnation pressure scaling

Kemp, Meyer-ter-Vehn, Atzeni, PRL 86, 3336 (2001).
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Ignition energy scaling
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J. Lindl et al.   Physics of Plasmas 11, 339 (2004)

The ICF Ignition Window

S. Atzeni & J. Meyer-ter-Vehn Physics of Inertial Fusion   Oxford University Press (2004)

Driver energy (MJ)

D
riv

er
 p

ow
er

 (
TW

)

Hydrodynamics

instabilitiesLa
se

r p
las

ma

ins
tab

ilit
ies

NIF



Look for solutions
with 0 



The ideal isochoric implosion :
Compressing a uniform gas at rest

into a uniform gas at rest of arbitrary density

Disadvantage:

Low Mach number,
return shock weak,

Almost full pressure
of igniting fuel
(>100 Gbar)
has to be balanced
by external piston

Book: Fig. 6.16 3,  5 / 3,  1,  0 ,n       0 



High Mach number, nearly isochoric solution:  = 0.9, = 0.1

0.25 0.5 0.75 1 1.25 1.5 1.75 2

2

4

6

8

10

0.25 0.5 0.75 1 1.25 1.5 1.75 2

5

10

15

20

25

30

35

density pressure

Imploding shell

radiusradius

0.5 1 1.5 2 2.5 3 3.5 4

-4

-2

2

4

6 fluid trajectory

shock
r

t

0.25 0.5 0.75 1 1.25 1.5 1.75 2

0.5

1

1.5

2

2.5

3

3.5

4

0.25 0.5 0.75 1 1.25 1.5 1.75 2

2

4

6

8

10

12

14

Stagnating shell

shock

pressure
density

radius radius

0.5 1 1.5 2 2.5 3

-2

-1.5

-1

-0.5

0.5

1 U,C plane

shock

U

C

almost constant
implosion velocity



2 ( )p t r u cG t rt r ut ct n t           

Projection symmetry holds for 2 /( 1)n  
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Book (Chapter 6.6)
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Projected solution
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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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