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Introduction


The problems associated with proton beam deposition in the liquid target of the Muon collider are not fully resolved to assure reliable and steady successful operation.  The resulting effects of the beam heating of the target can cause the destruction of the solid or liquid target, reduction in pion production, and possible damage to the magnet system


Some of the concerns are associated with the motion of liquid-metal jet in a strong and nonhomogeneous magnetic field, the hydrodynamic instability of the liquid jet, thermal stresses, and the shock wave effects resulting from the sudden deposition of the proton energy in the liquid target.  In this work we propose to use our comprehensive numerical simulation package to study the various effects of sudden heat deposition in the liquid jet.  A brief summary of the actual concerns associated with the Muon collider target is described below, as well as a brief description of the proposed work to these effects.

(1) Jet Heating and Expansion


Detail simulation of the dynamics of a cylindrical column of radius Rm of the liquid metal either with a free surface or confined by the solid cylinder is proposed.  The transport equations of continuity, motion, and heat balance are solved in a strong magnetic field, using the particle-in-cell (PIC) method in cylindrical coordinates (r, z) assuming symmetry along azimuthal angle (.  The problem of stability as a function of the angle ( will be solved separately. 


Because the deposited energy Qbeam depends on r and z it is necessary to regard the media motion in two directions r and z. The existance of a free surface requires the use of Lagrangean description for the numerical mesh of the target. However, to avoid the problem of large distortion of the hydrodynamic cells it is necessary to use mixed Eulerian-Lagrangean scheme. The more adequate description is achieved using the 2-D PIC method recently implemented in the A*THERMAL-S code. This code is a part of the HEIGHTS package to study High Energy Interaction with General Hetrogeneous Target System.  The 2-D PIC method is most suitable for studying the dynamics of a target with free surface as well as of the resulting shock wave propagation that might be generated during the intense energy deposition.


The results from the computer simulation will show whether a pressure wave is generated inside the liquid jet and, in addition, study the consequences of such shock wave on jet behavior and stability.  The magnitude of the pressure wave and its propagation/reflection will determine the severity of jet breakup and distortion.


In the case of  a strong pressure wave that is generated inside the jet and, as a result, the jet is broken into energetic droplets flying inside the magnet, the SPLASH code can then be used to study the droplet impacts on the chamber wall.  The current SPLASH code models the hydrodynamic stability and splashing effects of a free-surface of a liquid metal layer subject to various forces acting on this liquid layer.  The code can also model macroscopic erosion of a solid target from brittle destruction due to thermal stresses.  We can easily implement models to study wall impact and erosion from the impinging of the energetic liquid-droplets.

(2) Liquid jet dynamics in a strong nonhomogeneous field 

The liquid metal conductivity is not small therefore, the magnetic field diffusion-time   
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is comparable with the flight time  (v. Because of the force

 

,

the jet trajectory becomes concave.  To calculate such trajectory and in order to choose better conditions for the energy deposition and pion production, detail MHD analysis is necessary of the jet dynamics in a nonhonogeneous magnetic field (near both ends of the coils). This problem can also be studied using the A*THERMAL-S code including all components of the electromagnetic forces, however, it may require some modifications of the code. 

(3) Liquid-jet stability

Because of the existence of a radial component of the jet velocity the magnetic field will be distorted.  The magnitude of the magnetic field will be less on back side of the cylindrical column than on the front side.  This may result in a liquid metal flow from the front side to the back one therefore, this could alter the shape of the jet from a circular form to an elliptical one.  Decreasing the value of the magnetic field from coil inner surface to axis z may stabilize this instability.  The analysis of this problem can be made analytically using the conventional  MHD stability theory. 

(4) Inlet/outlet problem


Another problem is how to inject a free surface liquid jet into a nonhomogeneous magnetic field.  It is known that during jet injection, the hydrodynamic instability due to capillary forces can take place with the increment: 
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where ( is the surface tension.  The time of this instability, (( ( 10/(, is about few ms which is comparable or less than the flight time (v.  Therefore the development of this known instability can result in the dividing of the liquid jet into small droplets with size about 0.1R (R being the jet radius).  This is not desired from the efficiency of pion-production point of view, in addition, another problem is how to collect these droplets in the outlet system. This problem can also be modeled analytically using the conventional MHD theory and experimental data of time of droplet formation and droplets size.

(5) Energy deposition experiments


It may be possible to simulate the beam-on-target energy deposition and resulting target breakup using exploding wire technology.  Such experiments could potentially be much less expensive than true beam-on-target tests.  We propose to evaluate the extent to which exploding wires in liquid metals could provide useful, target-relevant information and set up a simple test stand to obtain some first results.  Our computer modeling capability will be used to guide the testing, interpret the results, and evaluate the relevancy to actual beam-on-target tests.  Initial testing would be done in a static or slowly-flowing  liquid metal and without a magnetic field.  Follow-on testing would include a magnetic field and target motion.  A separate proposal is submitted for such work.
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