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Problem Statement:
· Relief Valve relieving Helium to atmosphere on Minerva Project (14.5 psia)
· Relief rate is 2.82 kg/sec
· Temperature is 7.5K
· Flow through 4” schedule 10S stainless pipe.
· “10 Mesh” screen is placed at the end of the pipe
· Find the Pressure Drop across mesh

Solving Methods:
This problem is quite complex as it involves high speed compressible flow through an intricate geometry, a size “10 mesh” screen .  A high degree of accuracy is required as this pipe and screen is part of a safety relief system.  For these reasons ANSYS CFX commercial CFD code is employed as it is the only way to ensure an accurate solution.  Normally when  fluid flow analyses have a screen of some sort located in the flow region, that screen is modeled as a porous media defined by a volume or area porosity.  However, in this analysis the screen itself is the object of analysis, so to accurately capture the physics involved it is preferable to have a model which reflects the physical geometry of the screen.  A size “10 mesh” screen is defined as having 10 wires per inch in both the X and Y planes, each 0.025” in diameter.  Unfortunately modeling the entire pipe area with this screen is impractical as the small size of the screen in the large pipe would result in a refined numerical model much too complex for even the most powerful supercomputing grids. Symmetry of the entire geometry cannot be used since the pipe is axis-symmetric and the screen is symmetric in the X and Y planes.  We can, however, model a single representative area of the screen.  We can see in Figure 1, we can also use quarter symmetry of this representative area, and then half symmetry of that area again, reducing the total problem size by over 4 orders of magnitude.   Solve time for the coarsely meshed model was 2 hours, and the refined mesh of 1.6 million unstructured  tetrahedron elements, seen Figure 2, took over 13 hours.  This reiterates the fact that reducing the model size was absolutely necessary.  
[image: ]
Figure 1: representative screen area (red) and symmetry used, quarter (blue), and half again (green).
[image: C:\Users\e888tv\AppData\Roaming\Ansys\v121\preview.png]
Figure 2:  model and mesh of the triangular prism representing the flow through the screen.
Fluid Properties:
	All fluid properties were obtained from NIST RefProp.  Fluid properties were taken as isothermal at 7.5K and varying with respect to pressure.  Relevant material properties, density and viscosity are seen in Figures 3 and 4. 
[image: ]
Figure 3: Helium density (isothermal at 7.5K, variable WRT pressure)
[image: ]
Figure 4: Helium viscosity (isothermal at 7.5K, variable WRT pressure)


Boundary Conditions:
Symmetry was used along the three symmetric planes of course.  An inlet defined by a mass flow rate of 0.247 grams per second, calculated by the equations below, was placed on one side of the screen.  An opening at atmospheric pressure (14.5 psia) was used on the opposite side, with a smooth wall defining the wire boundaries. 
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Turbulence Model and Convergence:
The SST turbulence model was used in this simulation as is gives the most realistic results based on similar experimental analyses[1]. Very tight convergence was achieved by both models as seen by the RMS residual graphs in Figure 5.  Coarse mesh took 175 iterations to solve, refined mesh another 425.  This high order of convergence ensures the most accurate results. The two separate models used high order turbulence numerics, and both were run to check for grid independence, with results differing by less than 0.05%.    
   
[image: ]
Figure 5: RMS residual values of two models, showing tight convergence was achieved.
 




Results:
Instance transforming was used to display the results reflected about its symmetry planes in order to rebuild one representative volume.  Velocity streamlines are seen in Figure 6, where one can see the increase in speed (streamlines changing from blue to green) after passing through the screen. This velocity increase is due to a drop in pressure and density.  The animation titled Flow Through 10 Mesh shows the velocity of the helium through the screen.  
[image: C://Users/e888tv/.cfx/CFX_TEMP_2560/Figure005.png]
Figure 6: Velocity streamlines around wires of the screen.
Pressure Drop is the result of interest which was calculated as an internal expression defined by equation:
    
The resulting pressure drop was 1.803 psi.  Figure 7 shows the pressure of the symmetric cross section, where we can observe the sharp drop in pressure as the flow intersects the plane of the “10 mesh” screen.  Figure 8 shows the velocity of the helium in this cross section. 
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Figure 7: Pressure of helium in cross section.
[image: C://Users/e888tv/.cfx/CFX_TEMP_2560/Figure003.png]
Figure 8: Velocity of helium in cross section.
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