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Discussion: 
 
A thermal-stress analysis was performed for the existing AGS W-line Beam Dump 
Window for the case of being hit directly by a Gold Ion beam.  The energy distribution of 
the beam (for a single Ion) was provided.  
 
Materials, Geometry and Loads: 
 
The window is a type 304 stainless steel, 3.75 inch Diameter x .25 inches thick (9.525 cm 
x .635 cm thick).  See RHIC drawings 57010339 and 57070019 (Appendix A). 
 
The x-y energy deposition profile (Appendix B) was brought into AutoCAD and scaled such that 
the plot matched the actual coordinates.  The coordinates and colors of each contour were then 
accurately matched using Pixeur© color identification software.  The data was fitted to a 3rd 
degree polynomial.  See figure 1.   Since the profile was essentially X:Y = 2:1, the horizontal 
profile was used for both x and y, per the equation below.  The Z-direction profile was linear, and 
used as a multiplier for the X-Y profile, ranging from 1.145 at the front to .855 at the back. 
 
This energy profile is then converted to a heat generation per unit volume by using the following 
beam parameters: 
 

Number of Ions per bunch = 1.25 x 109 

 
Length of Bunch = 20 x 10-9 seconds (Gaussian distr.) 

Length of time used (as a step function) = 10.0 x 10-9 seconds (FWHM of Gaussian) 
 
So that the heat generation within the solid is calculated as: 
 

Heat per volume = Energy/mass-ion x density x number of ions / time 
 
 
 
 

 
 

Calculations
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Using the correct units, the heat load (Watts/m3) as function of (x, y, z): 
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Figure 1. Energy Profiles 
 
 
Hand Calculations: 
 
A simple calculation was performed using 6 nodes over the region where there is energy 
deposited (from the center to about 1.4 cm radius).  A temperature rise of approximately 36 deg C 
occurs at the center after a single 4-second cycle (4 bunches) and 72 deg C after two 4-second 
cycles (8 bunches). See appendix C. 
 
FEA Thermal Model: 
 
A quarter-symmetric model was built using thermal-solid elements.  Figure 2 shows the FEA 
model. The heat load was applied as a heat generation per unit volume per the distribution 
scheme described earlier.  
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Figure 2. FEA Model with Distributed Heat Load 

 
Thermal Results: 

 
This heat load was applied in a transient analysis as a step function for 10 nanoseconds at 

100 milliseconds intervals. This happens 4 times within a 4-second cycle. Figure 3 shows the 
resulting temperature distribution of selected points on the window for a single cycle and again for 
10 cycles (40 bunches). 
 

 

 
Figure 3: Thermal transient response at select locations on the window face, for 1 and 10 cycles. 

 
Immediately after 4 bunches the peak temperature rise is 52 deg Celsius above its initial 
temperature.  After 40 bunches (ten 4-second cycles), the peak temperature is 85 deg C higher. 
Figure 4 shows the temperature contour of the window material for 4 and 40 gold-ion bunches. 
 
Note that after the 4th bunch of each cycle there is a lag time allowing the heat to re-distribute 
within the solid mass, causing local cooling of these hot spots.  
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Figure 4: Temperature contour immediately after 4th bunch and 40th bunch 

 
 
 
 
 
FEA Structural Model: 
 
The same model was used for the thermal-stress analysis.  Thermal elements were switched to 
structural elements and the results of the thermal model used as the thermal boundary conditions 
of the structural model.  Four cases of the thermal model were studied: (1) Immediately after 1 
bunch; (2) Immediately after the 8th bunch; (3) Immediately after the 20th bunch, and (4) 
immediately after the 40th bunch. The resulting material stresses for the 1st and 40th bunch are 
shown in Figure 5. 
 

  
Figure 5: Equivalent (Von Mises) stress Immediately after 1 bunch and 40 bunches. 
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Structural Results: 
 
It appears that the stress continues to rise from the first bunch to the 40th bunch.  The stresses at 
intermediate points (the 8th and 20th bunch) were looked at to make sure a higher stress had not 
been missed.  After 40 bunches, (10 AGS cycles) the maximum equivalent (Von Mises) stress is 
126 MPa (18.3ksi).   This is below yield or failure of the material. 
 
Note that at this temperature (110 deg C), the material yield is 29 ksi, lower than its yield strength 
of 35ksi at room temperature (see Appendix D). 
 
Since Temperature and Stress seem to rise continuously with time, these results were 
extrapolated for 15 AGS cycles (60 seconds, or 60 bunches), as shown in Figure 6. 
 

  
Figure 6: Extrapolated Results for Peak Temperature and Stress. 
 
This would indicate that for 15 AGS cycles, the peak window temperature reaches 388K (115 deg 
C) and the max stress is 20.4ksi.  This is 71% of the yield stress for the material at that 
temperature. 
 
 
 
Summary: 
 
The peak temperature and resulting stresses for 60 bunches of gold beam is 90 deg C above its 
start temperature.  The stress at this point is 71% of the yield for the material at this temperature. 
This indicates safe operation of the dump window for at least 15 AGS cycles (60 gold-ion 
bunches), over a 60 second period. 
 
Further extrapolation beyond this is not recommended.  Additional FEA runs should be conducted 
in order to determine the window response for additional gold-ion bunches and beam time beyond 
this point. 
 
 
 
Please direct any questions or concerns to Steven Bellavia (bellavia@bnl.gov) 
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Appendix A: Reference Drawings for Window and W-line Beam Dump 
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Appendix B: Energy Profiles: 
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Appendix C: Hand Calculations: 
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Appendix D: SS304 Temperature Dependent Material Properties 

 

 

 

 


