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Summary 

• The cylinder test was developed at Lawrence Livermore Laboratory (LLNL) with the aim of characterizing the 
adiabatic expansion of the detonation products, by measuring the motion of the cylinder wall while it is expanded 
by the detonation products of the explosive charge inside. The cylinder test typically yields an expansion radius 
history curve that can be associated with the relative expansion volume and the Gurney-type energy density, from 
which the detonation products energy along its expansion can be obtained. The expansion energy function of the 
volume is used to derive the detonation products equation of state, of which the JWL (Jones-Wilkins-Lee) is the 
most widely used.

• Numerical modeling simulations to assess the quality of the JWL parameter sets obtained have been carried out 
with the LS-DYNA hydrocode. 2D axisymmetric models with Eulerian formulation for the explosive and 2 different 
modeling techniques for the cylinder wall (Lagrangian, Arbitrary Lagrangian Eulerian ) have been used
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2D axisymmetric  
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S-ALE domain 

• Surrounding air domain enough big to cylinder deformations 

35.5cm

60cm
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Materials

• Copper 

- Johnson Cook ( Mat 15 ) + EOS Gruneisen
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Materials

• TNT 

- High Explosive Burn( Mat 08 ) + EOS JWL

• Air

- Null ( Mat 09) + EOS Linear Polynomial
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S-ALE Filling for Air & TNT

• Initialization by a full filling with Air 

• Filling Explosive in using a dummy Lagrangian part ( rigid) 
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Initialization of explosive 

• TNT explosive is detonated with a booster explosive generating a planar shockwave 
hitting the TNT 

- For simplification, detonation points are defined enough close to generate a planar 
detonation wave 

Detonation 
points
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Case with Cylinder Wall / Lagrangian Approach

• The mesh part overlaps the Eulerian domain and FSI is required to interact Eulerian 
domain with the Lagrangian part 

Mesh size for Lagrangian & Eulerian domain  is 0.26mm

Lagrangian part Eulerian domain
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Case with Cylinder Wall / Eulerian Approach

• the Eulerian domain is just fill with dummy part (rigide) like the TNT - no FSI is required

• Copper material must be defined like a multi-material 

• As MAT Johnson-Cook (015) allows failure -> a Vacuum material must be defined 
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Case with Cylinder Wall / Eulerian Approach

• 4 ALE multi materials are defined :

- Air - 1

- Copper - 2

- TNT - 3

- Vacuum - 4
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Results

Lagrangian Eulerian
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Lagrangian Eulerian

Results
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Comparison with real test
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