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Followup on thermal simulation of beam on polarized 3He glass cell

A1n/d2n collaboration

In our reply to ERR final report, dated 7/9/2019, it was stated:

“We do not yet have data on the mechanical properties of glass GE180 (material of all 
our target cells planned). Instead if we use data for Pyrex glass, and if one assumes that 
the stress varies linearly with the pressure on the wall, then preliminary analysis shows 
that the stress from 10 atm and beam heating would be equivalent with the stress induced 
at room temperature (no beam heating) and 24 atm on the walls. 

Thermal simulation and the relevant stress analysis for the 11 GeV running is still 
underway (for example, increasing the cooling flow from 10 to 20 liter/min, and 
optimizing the jet orientation). Given the preliminary finding described above, we plan to 
bench test the cell windows up to 25 atm at UVa. Meanwhile we will search for GE180 
mechanical data (not trivial given that this glass type has been discontinued). If GE180 is 
mechanically stronger than pyrex, then bench-testing windows up to 25 atm will be 
sufficient to ensure the target safety.”

In the following we will provide comments and several updates on the analysis. 

Updates on thermal and stress analysis

First, the analogy between thermal stress due to beam heating and the equivalent room-temperature 
pressure stress does not depend on the material property. Thus the actual thermal or mechanical 
properties of GE180 is irrelevant.  

Second, the stress analysis quoted above used a simple, 2-temperature model in which the center of the 
cell window (up to 4-mm dia) is held at the peak temperature obtained from the thermal simulation, 
while the rest of the cell is held at 300K.  The max stress exists at two locations: first is the junction 
between the target chamber wall (~1mm thick) and the cell window (~125um thick), second is the 
boundary between the two temperatures due to the large temperature gradient.  In reality, thermal 
simulations provide a continuous temperature mesh and thus a smaller temperature gradient.  In the 
most recent stress analysis, a 3-temperature model was used with the cell window divided into three 
regions: “very hot” (window center, up to 4.5mm-diameter)’, “hot” (a 0.5-mm wide circular band), and 
room temperature for the remaining of the cell.  Additionally, the mesh model for the edge of the 
window where it joins the target chamber (tube) is made much finer now, which is important for 
estimating the stress at the window edge.  Thirdly though not as dramatic: in the 2018 stress analysis, 
the outside of the cell was held at vacuum. This has been changed to 1atm and thus reduces the 
pressure difference across the cell wall by 1atm. 



The current results show that the thermal stress due to beam heating in the 3-temperature model is 
equivalent to an additional 2.8 atm of pressure, or (if including 9atm pressure of the cell itself) 11.8 atm
pressure difference. For details please see calculation on page 2. 

Third, Silviu has completed more variations of the thermal simulation. In the Appendix we list the 
thermal (temperature) maps for four conditions: (1) 11 GeV 30uA, 5mm-diameter raster, 2 jets at 10 
slpm (shown in our 7/9/19 reply); (2) 11 GeV 30uA, 5mm-diameter raster, 2 jets at 20 slpm (new); (3) 
11 GeV 30uA, 5mm-diameter, 1 jet at 20 slpm (new); and (4) 6 GeV 15uA, 3mmx3mm square raster 
with jets on (shown in our 7/9/19 reply).  

Calculations using latest thermal simulation and stress analysis

Stress simulation for condition (1) has been done twice (the 2018 2-temperature model in our previous 
reply and the 2019 3-temperature with finer mesh update presented here). Stress analysis for conditions
(2-4) are still underway, but we can provide a quick estimate for (2-4) as follows:

1. First, a temperature map is generated using thermal simulation. The 10-atm internal cell 
pressure is included. This produce a temperature map for the cell windows and a peak 
temperature at the center shown below in column 2;

2. A temperature difference dT is calculated between window center and remaining of the cell 
(300K), shown in column 3;

3. For condition (1), max stress value(s) from the 2018 and the 2019 stress analyses are shown in 
columns 4 and 5, respectively;

4. The stress due to beam heating is compared to the stress at room temperature for two values of 
pressure differences across the cell wall. This allows us to calculate the equivalent pressure at 
room temperature. This is shown in column 6 for condition (1); 

5. For conditions (2)-(4), we estimated the room-temperature equivalent pressure by scaling the 
result for condition (1) with dT. This is also shown in column6 for these 3 conditions.

Condition beam 
center 
temperatur
e

Temperatur
e difference 
dT (center-
300K)

(10atm + beam heating) peak stress equivalent 
pressure at room 
temperature 
(using 2019 stress
analysis)

2018: using 
simple 2-
temperature 
model

2019: using 3-
temperature 
model and finer 
mesh

(1) 30uA, 5mm 
dia raster, 2 jets 
at 10 slpm each

651K 351K 21.4E3 ksi, 
compare to 9.0ksi 
for 10atm and 
13.5ksi for 15atm,
(yielding 
10+14=24atm 
equivalent 
pressure)

8.9E3 ksi, 
compare to 6.8E3 
ksi for 9atm and 
1.06E4 ksi for 14 
atm. 

9+2.8 atm = 11.8 
atm

(2) 30 uA, 5mm 
dia raster, 2 jets 
at 20 slpm each

586K 286K on going estimate 9+2.3 
atm = 11.3 atm

(3) 30 uA, 5mm 556K 256K on going estimate 9+2.0 



dia raster, 1 jet at 
20 slpm

=11.0 atm

(4) 15uA, 
3mmx3mm 
square raster, jet 
on

419K 120K on going estimate 9+1.0 = 
10.0 atm

Note that the 2jet at 20 slpm each condition provides less cooling on the cell window than 1 jet at 20 
slpm. Thermal analysis shows this is because the two jets, when both are pointing at the window center,
cancel each other’s flow. 

Recap of beam heating related stress and risk

Overall, the room-temperature equivalent pressure due to beam heating from the most recent stress 
analysis is up to 2.8atm in addition to the cell internal pressure itself.  This can be compared to the 1.0 
atm for the 6 GeV running, implying a factor of three increase in the beam heating-related stress.  
Cooling jet conditions can be optimized to reduce this to about twice that of 6 GeV running. 

To ensure the accuracy of the simulation and analysis, we also plan to study the 6 GeV running case 
with raster off (15uA, 200-300um beam diameter, cooling jet on).  This should produce enough stress 
to break the cell windows, and the simulation should show the same.

Risk management/prevention:

For 6 GeV running, target windows were tested at 270psi (18.5atm) for 15 minutes.  This provided 
sufficient (18.5 – 10.0 = 8.5 atm) safety margin.  

Finally, the window pressure tests at UVa have been carried out up to 300psi (20.4atm). We could not 
raise the pressure further because about 50% of windows failed at 300psi.  Windows that survived 
300psi for 30 minutes have been used to manufacture target cells.  This is lower than what we stated 
earlier (25atm), however from the stress estimation it appears testing up to 20.4 atm already provide 
enough (20.4 – 11.8 = 8.6 atm) safety margin. 

In summary, glass cell windows have been tested to 300psi (20.3 atm) at UVa.  Current thermal 
simulations and stress analysis shows there is enough safety margin in term of stress caused by beam 
heating on target for the 11 GeV running condition.  Nevertheless, we will continue working on the 
optimization of cooling jet orientation and flow and the corresponding stress analysis to ensure the 
safety of beam heating on target. 



Appendix

1) 30uA, 5mm-dia circular raster, 2 jets @ 10 slpm

center temperature is 651K or 378C (top). Previous stress analysis from Steve L. using a simple two-
temperature model is shown in the lower left. The most recent 3-temperature model with finer mesh is 
shown in the lower right, which exhibits small temperature gradient and thus a lower stress. 



2) 30uA, 5mm-dia circular raster, 2 jets @ 20 slpm

center temperature shows 586K or 313C.



3) 30uA, 5mm-dia circular raster, 1 jets @ 20 slpm

center temperature shows 556K or 283C



4) 15uA 6 GeV condition, 3mmx3mm square raster, cooling jet on, simulated temperature agrees with 
measured data to within 5 degrees. 

center temperature shows 419K or 146C
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