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Abstract

We discuss a possible solution of using ANSY S coupled-field analysis to simulate the behavior of aliquid metal
object moving into a solenoid magnetic field.

To build a high luminosity muon collider, we are faced with many technical challenges. One of these is the
construction of atarget to be bombarded by a4 MW proton beam, and residing in a 20 T magnetic field, to
create and capture enough muons for further processing. According to various considerations, atilted heavy
liguid metal jet is our baseline design for the target, which is shown in figure 1. The first engineering
guestion we have to answer is. can a heavy liquid metal jet enter a strong solenoid magnet without breaking
up into droplets? This problem may can be treated by the ANSYS coupled-field analysis:. coupling
FLOTRAN, Emag and Structural Analysisinto a single problem. So far we haven’'t completely solved this
problem yet. But as afirst step, we have made those three physics disciplines interact with each other, been
able to pass the results from one physics discipline to the other as the loads or real constants of the elements,
and got some preliminary instructive results.

Figurel. Sketch of thetilted liquid metal jet target for muon collider

Description of the model

Since ANSY S FLOTRAN does not allow the fluid having free surface, the liquid metal has to be contained
in a solid pipe. We start our simulation from FLOTRAN analysis, which will provide the velocity for all
nodes of the fluid elements. To get the velocities for each element we just simply average the velocities of
every node on the element. Then we pass this velocity to Emag element as its real constant. In Emag
analysis the Eddy currents and magnetic forces are calculated. Knowing the force on each element, we carry
on the simulation further into structural analysis. Assign the mechanical properties of these fluid elements
and pipe elements with Y oung’s modulus and Poisson ratio of rubber, we can observe how the rubber-like
metal cylinder being distorted under the magnetic forces. The type of coupled-field analysis we adopted in
this problem is sequential method. A cut-off view of this model is shown in figure 2, and brief flowchart of



our analysisis shown in figure 3. To reduce the model size, we use the symmetry condition of this problem
to create a 90° model for the analysis.

Coupled-£field analysis

Figure2. A cut-off view of the geometry of a 360° model. The central red elements are for metal fluid; the
brown elements are for rubber pipe; the blue elements are for air. Not shown are the solenoid source

element and the infinite elements, which are covering the air elements. In our analysis we used a 90° model
for reducing the modél size.



Figure3. A flowchart of the coupled-field analysis.
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Results of the ssmulation

1. FLOTRAN analysis

Since our final goal is to simulate a free fluid jt, of which the surface is free of friction, in this
calculation we don’t apply the conventional boundary condition, v = 0, on the wall of the pipe. The only
boundary condition we used is Vi, = V7 = 10 m/s at the inlet surface, and zero pressure on the outlet
surface. After first 100 iterations of FLOTRAN calculation the velocity distribution is shown in figure
4. Itisnot surprised that the velocity is very close to 10 m/s everywhere among the fluid elements.
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Figure4. Thevelocity distribution among the fluid elementsafter 100 iterationsof FLOTRAN analysisin the
first loop.

2. Emag analysis

Because we are expecting that the velocities will vary among the different fluid elements, we have to be
able to setup the velocity for each fluid element individually. To accomplish this task we have created a
macro library file called GETENV.LIB, which includes three macros. GETENH, GETVH, and
ODREALH. The macro GETENH is used to get the node numbers for the fluid elements with the
ommand *GET,,ELEM, NODE, and store them into a two-dimension array ELENOD. The macro
GETVH then retrieves the velocity components Vx , Vy and Vz of each node of the fluid elements
with the command *GET,,NODE,,V X, etc. and store them into another two-dimension array VELOCT.
The third macro MODREALH is used to calculate the velocity of each element by averaging the
velocities of its eight nodes, then set a new real constant, and modify the real constant of this element to
the new one with the command EMODIF,,REAL. We have noticed that if an element has its own real
constant, this element becomes aregion. The total number of regionsin ANSY Sis limited to 1000. We



have to restrict our model within this limit. The distributions of B field, Eddy current and magnetic

force are shown in figures 5, 6 and 7.
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Figure5. Bfield distribution of a solenoid magnet with a defor med moving metal
cylinder. Thebluebox indicatesthe geometrical position of the solenoid coil.
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Figure 6. Eddy current in the moving metal fluid
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Figure7. Magnetic force encountered on moving metal elements.

3. Structural analysis

In our model there is a pipe surrounding the metal cylinder. Both pipe and metal elements have rubber’s
properties at present stage. The pipe encounters no pressure from outside surface (component
OUTERTUBE). The metal and pipe elements with four defined components on them are shown in
figure 9. The magnetic force on each of the metal element will introduce a displacement. The structural
analysis part of our simulation utilizes an ANSY S command LDREAD,FORC,,,,,EMAGRST,RST to
fetch the magnetic forces from the EMAG result file EMAGRST.RST and apply them to the structural
model as the loads. If we set the metal elements with structural fluid properties, such as small Young's
modulus: 1% of rubber’s and very small Poisson’s ratio: 0.0001, the calculation wouldn’t be converged.
Some of the fluid elements are tore off under the magnetic force. It indicates that this is not the right
approach to the solution. In order to be able to get some sense of the behavior for the moving metal
fluid in a non-uniform magnetic field, we change the mechanical properties of the metal elements as the
rubber. The deformed metal cylinder is shown in figure 8.

When we do the structural analysis the model has to have some restrictions to make it stable. For this
analysis we apply the complete restriction (UX, UY and UZ = 0) on the central few nodes of the
cylinder's top surface (component TOP), also restrict the axis of the cylinder from any radial
displacement due to the symmetrica consideration. After 12 loops of FLOTRAN-EMAG-
STRUCTURE analysis the results from each analysis are converged. The figures 5 to 8 are showing the



results from Emag and structural analysis after the 12-th loop. The velocity distribution in FLOTRAN
after 12-th loop is shown in figure 10.

ANEY3 3.4
pAY 11 1298
J-Tu-:;A cylinder 13:01:34

o < e RODAL 0LUTTON
HImE EFER=1
=urn =4
TIME=1
DAk LANMG
hEYE=0
FowsrSraphice
EFACET=1
AVRES-Hat
I =, 014945
BN =.0143485
1]
(00165
D03 ER
.009=g=%
.O0E553
L00ez4ag
00757
.011547
LOLI1LSE
014848

i

undaforraed eylinder

B00CE00EN

snltnoighjoi|
re S

S

ATRUCTUOPAL ANALWESIE

Figure 8. Thedeformed rubber-like metal cylinder when it isentering a solenoid magnet
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Figure9. Themetal and pipeeementswith four defined componentson them
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Figure 10. Theveocity distribution in FLOTRAN after 12-th loop of FLOTRAN-EMAG-STRUCTURE
analysis

Whereto gofrom here

?? Isthis possible to use structural fluid el ements to simulate the metal elements in structural analysis
when each of the elements obtains el ectromagnetic force due to Eddy current?

?? Tilt the solenoid magnet to simulate the metal jet entering the magnetic field with small polar angle
with the axis.

?? Add thermal analysis into the simulation to complete the target study.



