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LIFETIME OF THE CRYOGENIC LAYER WITH A DIFFERENT STRUCTURE DURING TARGET INJECTION INTO THE REACTION CHAMBER
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In Inertial Confinement Fusion (ICF) research, a considerable attention has recently been focused on the issue of large target fabrication for high-energy laser facilities. The ignition and high-gain target designs require a condensed uniform layer of hydrogen fuel on the inside surface of a spherical polymer shell. The fuel layers have to be highly uniform in terms of thickness and roughness.  For example, the distortion in fuel layer uniformity, concentricity and sphericity is less than 2 % and the fuel layer surface finish is within 0,1-1(m RMS. To realize the uniform conditions, different methods are applied as a fuel layering technique, and the layer quality and the layer structure are known to depend on the method applied. In a standard approach, extremely slow cooling (~ 
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K/s) is required to avoid the formation of multiple crystals of different orientations, and the total layering time is more than 5 hours [1].

Another approach to fuel layering based on conduction cooling of a batch of moving spherical targets has been developed at the Lebedev Physical Institute (LPI). The method demands the use of free-standing targets (FST) in each production step, and the targets must move in the layering module to bring about a random walk of a thermal contact area onto the outer shell surface (figure 1). The FST layering method requires extremely high cooling (1-
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 K/s) to form isotropic ultrafine condensed layers (including nanocrystalline). The total layering time is less than 15 seconds, which has a side benefit in the view of tritium inventory minimization [2]. 

Fueling an inertial fusion energy (IFE) power plant requires target acceleration (mechanical loads) and rep-rate (6 targets per second) injection into the reaction chamber (thermal loads).  

This report concerns the survivability of fuel layers with a different structure under conditions of heat excess during target delivery (injection stage). The degrading effect of radiation heat transfer from the hot chamber wall to the fuel core is of primary importance in our study. We consider two types of layer structure: anisotropic molecular crystals and isotropic nanostructured. In the first case the problem is complicated due to the vector form of the thermal conductivity coefficient. An approach based on Stephen’s problem for singularly perturbed simultaneous equations for thermal conductivity with semi-linear boundary and initial conditions is advanced to model the process of fuel layers degrading due to uniform radiative heating during target injection. In this report, we discuss in detail the modeling results in term of fuel core lifetime, and, as a consequence, target survival during its injection into the reaction chamber. 
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