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Wire Deflection due to Liquid Argon Convection Flow
Zhijing Tang

December 5, 2008

Summary: Wire deflection due to liquid argon convection flow is calculated. The maximum deflection is about 3.5 m. The effect of wire tension and vortex shedding are also considered

In Microboone experiment, the TPC wires are installed inside a cylindrical argon vessel. Heat through the insulation will cause natural convection flow of the liquid argon. This flow will put a drag force on the wire. Here we study the deflection of the wire due to liquid argon convection flow.
A slice of liquid argon (4 cm thick) inside the vessel is model to simulate the natural convection flow by CFD software Ansys CFX. The heat load from the vessel wall is 13 W/m2. The top surface temperature is kept at 89 K. The calculated flow pattern is shown in Fig.1. The vector plot shows the flow velocity, and the unit is m/s. The maximum velocity is 4.56 cm/s, near the wall. 
[image: image8.png]nal Accelerator Laboratory
I Support /Engineering Analysis





Consider a wire located on the left edge of the horizontal grids, as shown by the purple line in Fig.1. First we get the velocity profile along the line, shown in Fig.2. Where dark blue line is velocity u, which is perpendicular to the wire. To calculate the drag force, we only need to consider this component of velocity.
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Fig. 2 Velocity along the wire
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To calculate the drag force on an infinite cylinder of perpendicular flow, we refer to Fluid Dynamics, Theory and Computational Approaches (second edition, by Z.U.A. Warsi, 1999, CRC Press). The drag force can be calculated by
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Where  is the viscosity of the fluid, U is velocity, and C is called drag coefficient, which depends on Reynolds number. For liquid argon, we have density  = 1407 kg/m3, viscosity  = 272e-6 N-s/m2. The magnitude of the flow velocity is U = 1e-2 m/s. The radius of the wire is a = 75e-6 m. So the Reynolds number is
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Fig.5.3(a) in the reference gives the drag coefficient C as a function of R. Corresponds R = 4, we have C = 4.5. Now the drag force becomes
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Substitute velocity (m/s) profile into above equation, we have the drag force (N/m).

Now we calculate deflection of the stainless steel wire. Length l = 2.5 m, diameter d = 150 m, initial tension f = 1 kg = 9.8 N. The deflection is shown in Fig.3, the unit is cm. The maximum deflection is 0.349e-3 cm = 3.49 m.
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We also calculated deflection under several wire tension values, which is plotted in Fig.4. 
[image: image7.png]Fig.4 Maximum Wire Deflection versus Wire Tension
7 “\
s i
.

s \\

0.5 1.0 1.5 Tension (kg)

Deflection (jtm)





For Reynolds number less than 4, there will be no vortex in the flow, and for Reynolds number between 4 and 40, vortex will form, but will not separate. Therefore there will be no vortex shedding for our problem (see appendix).

Appendix: Flow Patterns Pass a Cylinder
http://hmf.enseeiht.fr/travaux/CD0102/travaux/optmfn/gpfmho/01-02/grp6/pages/page1.htm
· For Re lower than 4, the flow past the cylinder remains uniform with both an upstream/downstream symmetry and a right-hand/left-hand one. This flow pattern is called a creeping flow.  

· From Re = 4 to a critical Reynolds number approximately equal to 40, vortices appear in the immediate wake of the cylinder, yet they stay closely attached to it. This area is called the recirculation zone, since the two vortices rotate in opposite senses, and the x-axis symmetry is the only one to remain. Furthermore, the size of the vortices increases with the Reynolds number.  

· For Reynolds numbers lower than 200, the flow downstream the cylinder becomes unsteady, even though all the imposed conditions are being held steady. Two rows of vortices appear on either sides of the wake: all those on one side rotate in the same sense, whereas all those on the opposite side rotate in the opposite sense. It can be noticed that the flow remains bi-dimensional. This new pattern turns out to be periodic, and the period can be calculated by determining the length of time between the formations of two vortices. This period increases with the Reynolds number, and according to the dependency of the Strouhal number on this dimensionless variable.  

· For Reynolds number greater than 200, the flow looses its bi-dimensional characteristics, and for Re = 400, vortices themselves become turbulent from their very point of generation. 

· For higher values of Reynolds number, vortices loose their regular shape and their coherency, therefore visualization is difficult.  
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