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Introduction 

Interaction of short-lived plasma flows with the magnetic field during sub-microsecond Z-

pinch implosion was investigated in a number of experiments at high current facility 

ANGARA-5-1 (TRINITI, Moscow, Troitsk). Various diagnostics provide detailed spatial and 

temporal images of plasma motion inside the liner that are suitable for comparison with 

magnetohydrodynamic simulations. 

Electrodynamically accelerated plasma is an object of magnetic Rayleigh-Taylor instability, 

which usually develops at the final stage of compression, after the end of plasma production. 

Multiwire arrays help to increase the stability as compared with continuous shells. The cause 

of wire-array Z-pinch instabilities is inhomogeneity of a plasma-vacuum boundary because of 

plasma production rate variations along the wires as well as the existence of interwire gaps. 

The trailing masses create the conditions for an additional shunting current path, which can 

increase the final compression radius and decrease the power of the radiation pulse. Further 

optimization is possible due to nested wire arrays. TRINITI experimental results are detailed 

in [1-3]. Theoretically predicted [4] shock wave (SW) between the arrays was observed 

suppressing the instabilities. Numerical simulation can help to investigate the dependence of 

implosion modes upon the wire array design.  

Simulation setup 

We use radiative magnetohydrodynamics code MARPLE-3D developed in Keldysh Institute 

of Applied Mathematics [5]. Wide-range equations of state, transport and kinetic coefficients, 

opacity and emissivity are computed by code ТHЕRМОS (KIAM RAS) [6]. Semi-empirical 

plasma ablation model [7] is used for of the wires evaporation by the discharge current. The 

program implementation of the plasma source allows of individual wires and gaps, as well as 

nonuniform distribution of mass and/or plasma production time along the wire.  

3D numerical simulations of nested wire arrays agree with the experiments [2]. All 

calculations were performed for 6μm tungsten wires in both external and internal arrays. 

Axial inhomogeneities were not considered. The height of the assembly was 16mm, and the 
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radiation yield was calculated for the complete array. Model generator current 

I(t) = I0sin2(πt/2T) (I0 = 4 МА, rise time Т = 100ns) was close to the experiment.  

Computational domain was cylindrical sector 450 or 900 with periodic boundary conditions. It 

reproduced 1/8 (1/4) ANGARA-5-1 discharge chamber with 5 (10) wires. Mesh spatial 

resolution was 50µm near the outer array, 7µm near the axis, and 160÷40µm along the axial 

direction. Interwire gap is resolved at 20 cells allowing correct simulation of plasma jets to 

the point of their confluence.  

Numerical results: cylindrical nested arrays 

1D analysis [4] demonstrated three types of plasma flow depending on the ratio of plasma 

production rates in the inner and outer arrays and the ratio of the arrays radii: 

I. Superalfven (MА>1). Almost all the current passes through the outer array. 

II. Pre-Alfven (MА <1). Up to 80% of the total current flows through the internal array and 

inside it. 

III. The transition from the superalfven plasma flow from the outer array to the pre-Alfven 

flow near the inner array with the formation of a standing SW in the space between the arrays. 

Formation of a SW between the arrays depending on the ratio of the rates of plasma 

production in outm m 

 
and of the radii of the outer and inner arrays rin/rout is showed in fig. 1.  

The solid and dotted black lines delimiting the SW area are from 1D theory [4]. Green are the 

estimations [2] ( ) ( ) ( )2 2
in out in out in out out inm m K K I I r r= ⋅ ⋅   using measured values Iin/Iout , and 

red are the simulation results (number of wires in the inner and the outer arrays Nout=Nin=40, 

linear mass M = 220µg/сm, rout = 1сm, rin/rout = 0.3, 0.5, and 0.8). 

These results corroborate 1D theory [4]. Because this theory does not concern nonstationary 

effects, we suggest that the SW area bound should be lower, as marked by the blue line. 

 

 
  

Fig. 1. Cylindrical nested arrays 

compression modes. 

Fig. 2. Plasma parameters in the SW area.  

Left: density and temperature; right: velocity and magnetic induction. 
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Fig. 2 shows the suppression of instability on the outside of the inner array. The distribution 

of plasma parameters along the angle on the cylinder surface r = 0.6cm describes the 

uniformity of the plasma shell between the arrays. The snapshot is for the cylindrical nested 

array Nin=Nout=40, rin/rout=0.5, t = 70ns (stable SW at rSW = 0.6cm from the axis). The most 

variations are that of the plasma density, nevertheless the density around the entire surface is 

rather high (3·10-5 to 5·10-5 g/cm3) without breaks. The distribution of plasma parameters 

inside the inner array is highly homogeneous due to stabilizing effect of the SW. 

Numerical results: conical nested array  

New TRINITI experiments involve conical outer array (fig. 3, left). SW is first formed near 

the inner array, and then becomes cone (fig. 3, centre). SW between the arrays suppresses 

zipper-effect in the inner array and provides its stable implosion. Plasma jet does not arise. 

 

 

t = 65ns

 

t = 75ns

 

t = 70ns, z = 8mm  

Fig. 3. Conical nested array. Left: experimental design; centre: computed density distribution, SW between the 

arrays; right: the magnetic inductance Bφ and magnetic Mach number MA along the radius of the array. 

 
Plasma production dynamics and the radial distribution of Bφ and MA (fig. 3, right) agree with 

1D theory [4]. Sharp increase in the plasma production rate of the inner array takes place at 

the start of the SW formation. Superalfven, pre-alfven, and transition areas are evident.  

Numerical results: quasispherical nested array  

Future-proof design of the liner (see fig. 4, left) proposed in TRINITI will combine the 

advantages of nested arrays and quasispherical implosion: pinch stability and high power 

density of SXR source. The computed plasma distribution pattern is rather complicated (see 

fig. 4, right), but the SW is quite visible between the arrays. SW is formed along all the height 

of the inner array similar to those in cylindrical and conical arrays. The plasma shell is not 

cylinder, but its curvature is less than the curvature of the initial quasisphere. The formation 

of the plasma shell starts in the equatorial section near the inner array and is not simultaneous 

along the height. The SW is somewhat weaker near the electrodes. 
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Outer array: 40 W wires Ø6μm,  

linear mass 220μg/cm,  

Inner array: 80 W wires Ø6μm, 

linear mass 440μg/cm 
  

Fig. 4. Quasispherical nested array. Left: experimental design; centre: computational domain with plasma sources; 

right: computed density distribution, SW between the arrays (t = 70ns). 

 
Conclusions 

Implosion of multiwire nested arrays of various designs was simulated by means of 3D 

RMHD code. The qualitative and quantitative agreement with experimental data and 

theoretical estimates was demonstrated. Nested array provided a stable compact compression 

of Z-pinch. A shock wave is formed between the arrays, which quenches the inhomogeneities 

of the ablated plasma. The effect is also observed when the external and internal arrays are 

made of the same material. In the case of external tungsten wires, the plasma shell is highly 

inhomogeneous. In a conical nested array SW between the arrays suppresses zipper-effect and 

provides stable implosion of the inner array, plasma jet does not arise. The trailing mass is 

less in a quasispherical nested array.  
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