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Introduction

The SNS linac zero degree beam dump is to be passively cooled dissipating 7.5kW of beam power.  The beam flight tube immediately upstream of the dump will be either evacuated or back filled with helium, to separate this medium from the accelerator machine vacuum a beam window is proposed. 

Design Parameters

(i) Physics

The window must be able to withstand continuous pulses of 2.1e14 H- particles/pulse with a pulse duration of 1ms at a frequency of 0.2Hz; continuous running is simulated as the worst case scenario.  The 2-D gaussian proton beam power density profile for Inconel with the  above conditions is given in Figure 1 assuming a window thickness of 2mm [1].

(ii) Mechanical

Several criteria must be considered during the mechanical design process.  From an operations/maintenance view point a passive window design satisfying the physics parameters above would be the optimum solution i.e. no active cooling apart from convective cooling to air.  Also, the window design must be integrated into the overall linac dump beam line design with consideration for subsequent handling issues such as shielding and remote removal and installation.  These issues are not discussed in detail but have been addressed.

Mechanical Design

A circular domed window 80mm in diameter (beam diameter is 40mm) is adopted as the base design for thermal analysis.  Initial runs indicated that the maximum thermal stress can be reduced by ~40% if the beam impinges on the outer surface of the dome instead of the inner surface, it is likely this geometry creates less restriction to thermal expansion of the high temperature surface.  Adopting a domed window is also advantageous from a structural integrity point of view.  Three radial fins are added to promote convection.  

Three materials are considered, Aluminum 6061-T6, GlidCop Al-15 & Inconel 718.  It is intended to integrate the window design with two EVAC type vacuum flanges, this allows the window and flanges to be designed as an integral component. Also, to aid handling a remote vacuum clamp will be designed based upon a standard EVAC chain clamp.  

Thermal Analysis

The window is modeled as a 2-D axisymmetric running a transient thermal analysis to mimic the pulsed beam parameters.  The beam loading is input to the ANSYS solution solver via a text program written to enable the specific beam conditions to be applied.  Typical Inconel 718 values for the proton heat generation across a window thickness of 2mm and electron heat generation (across the first 0.5mm for Aluminum and 0.2mm for GlidCop & Inconel [2]) are given in Figure 2, these are derived from Figure 1 using the appropriate material deposition ratios [3].  The incremental values are applied to the model nodes as a function of radius from the center of the window outwards.  A nominal natural convection coefficient is applied to the model body and outer surface of the fins.  The model is run until equilibrium conditions exist. Thermal stresses are obtained by loading the transient result nodal temperatures from a chosen time step into a structural model.  The model is then run as a steady state structural analysis to calculate the thermal stresses; vacuum loads can be added at this point.
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MaxTemp M. Point Stress Stress Stress Deflection UTS Yield Fatigue

Von MisesPrin.TensilePrin.Comp

Deg. C Deg. C Nmm-2 Nmm-2 Nmm-2 mm Nmm-2 Nmm-2 Nmm-2

Alu6061-T6 208 582 158 58 -157 0.11 310 250 75

(1e7 cycles @ 200 C)

(@45.01s) (@45.01s) (@45.01s) (@45.01s) (@ 200C) (@ 200C)

Glidcop-Al15 229 1083 229 60 -228 0.07 269 200 207

(1e7 cycles @ room temp)

(@45.01s) (@45.01s) (@45.01s) (@45.01s) (@ 200C) (@ 200C)

Inconel-718 635 1300486(596) 213 -474 0.3 965 862 655

(1e7 cycles @ 540 Deg C)

(@195.04s) (@195.04s)(@195.04s)(@195.04s) (@ 650 C) (@ 650 C)
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      Figure 2

Results

Considering the results table of Figure 3, the maximum stress in Aluminum after 45.01s is 158 N/mm2, which is 80% of the yield strength of the material at 200 C.  More importantly it is ~3 times the fatigue endurance limit.  Running the window consistently above the fatigue limit would pose questions on potential crack propagation and consequently lifetime issues.  
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Proton Contrib. Electron Contrib.Total p & e Contrib.

power density power density 0.2mm Deep Rad. Lim.

watts/cu mm watts/cu mm watts/cu mm mm

2.94E+02 9.23E+02 1.22E+03 0

2.52E+02 7.92E+02 1.04E+03 2

1.85E+02 5.83E+02 7.68E+02 4

1.17E+02 3.68E+02 4.85E+02 6

6.33E+01 1.99E+02 2.62E+02 8

2.93E+01 9.22E+01 1.21E+02 10

1.16E+01 3.66E+01 4.82E+01 12

3.96E+00 1.24E+01 1.64E+01 14

1.15E+00 3.62E+00 4.78E+00 16

2.87E-01 9.03E-01 1.19E+00 18


Figure 3

The maximum stress seen in the GlidCop after 45.01s is 229 N/mm2, which is above the yield strength of the material at 200 C.  Comparison with fatigue values is difficult as data at elevated temperatures is scarce.  Due to the poor diffusivity of Inconel the analysis is run for a longer period of time to achieve near equilibrium conditions, Figures 4 shows the transient analysis plot for Inconel-718. 
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 Figure 4

The maximum stress seen in the Inconel window is 596 N/mm2, (after the first pulse) but tails off to a maximum value of 486 N/mm2, at 195.04s, shown in Figure 5.  This is probably due to the window absorbing heat, slowly warming and consequently causing a reduction in the temperature differential across the window.  These stress values compare favorably with a yield strength of 862 N/mm2, at 650 C and a fatigue endurance limit of 655 N/mm2, for 1e7 cycles at 540 C.
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 Figure 5

The stress and temperature fringe profiles for Inconel-718 are shown in Figure 6&7 respectively.  Consideration of the principal stresses shows a maximum tensile stress value of 213 N/mm2 and the maximum compressive stress value of 474 N/mm2, this compressive stress is likely to inhibit crack propagation in the high temperature area.

[image: image4.png]T e s.6.1

FEB 12 2002
17:15:38

NODAL SoLuTION
stE

suB

e

ssav  oawe)
PoverCraphics
EFACET-1

e rm——

DI =.299796
s

s

-

=

=

=]

=)

=

|

L

Pulze-lus-0.2Hz. Inconel 718.Structural-Tiuel9s.0ds





 Figure 6
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  Figure 7

Conclusion

For a passively cooled window Inconel 718 is clearly the most robust choice of the three materials analyzed.  One concern is continuous running at temperatures in the order of 635 C, although this is localized at beam center.  Radiation from the window surface has not been considered but basic calculations show that the radiated heat is negligible, being in the order of 1 – 5 watts depending on the emissivity value chosen.  The stress values are well within the yield and fatigue limits quoted in the extensive literature available for the material. 

Inconel-718 is a recognized quantity from a proton irradiation lifetime point of view, however, it does contain longer half-life isotopes than either GlidCop or Aluminum and consequently will remain more activated.  This will have to be taken into consideration in all work planning as an ALARA issue.  The choice of a high integrity material such as Inconel-718 should lead to less down time and consequently improved machine availability. 
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				2D gaussian proton beam distribution on beam dump window										11/28/01		J. Rank

				This is the standard model for a well-developed, uncollimated beam at the end of a long straight path with no magnetic field.

				INCONEL WINDOW										window thickness		t		0.2		cm

														pulse duration		T		0.001		sec

						assume class interval = standard deviation								beam spot radius		ro		2		cm						red bk apporx

																										???				Inconel 718

						y{r}		within ring area of cited range																		y				Proton Contrib.		Electron Contrib.		Total p & e Contrib.						Check				Proton Contrib.		Electron Contrib.		Total p & e Contrib.						Check

				r				radius limits		incident protons		energy deposited		instant power		power density		ring area		da/A=dn/N		da				approx				power density		power density		0.5mm Deep		Rad. Lim.								power density		power density		0.2mm Deep		Rad. Lim.

								cm		dn, e+		J/cm of travel		watts		watts/cu cm		sq. cm		e+										watts/cu mm		watts/cu mm		watts/cu mm		mm								watts/cu mm		watts/cu mm		watts/cu mm		mm

				0		0		0		1.57E+13		3.44E+01		9.70E+03		3.86E+05		0.1256		0.0748859347		0.0738493077				0.5				2.94E+02		3.69E+02		6.63E+02		0				3.86E+05				2.94E+02		9.23E+02		1.22E+03		0				3.86E+05

				0.4		0.3692465386		0.2		4.05E+13		8.84E+01		2.50E+04		3.31E+05		0.3768		0.1927006599		0.1900331536				0.6556357284				2.52E+02		3.17E+02		5.69E+02		2				3.31E+05				2.52E+02		7.92E+02		1.04E+03		2				3.31E+05

				0.8		0.5809192297		0.4		4.96E+13		1.08E+02		3.06E+04		2.44E+05		0.628		0.2362750833		0.2330043874				0.7893025618				1.85E+02		2.33E+02		4.18E+02		4				2.44E+05				1.85E+02		5.83E+02		7.68E+02		4				2.44E+05

				1.2		0.5841027072		0.6		4.38E+13		9.58E+01		2.70E+04		1.54E+05		0.8792		0.2086811983		0.2057924776				0.887415321				1.17E+02		1.47E+02		2.64E+02		6				1.54E+05				1.17E+02		3.68E+02		4.85E+02		6				1.54E+05

				1.6		0.4448596807		0.8		3.05E+13		6.66E+01		1.88E+04		8.32E+04		1.1304		0.1451148372		0.1431060494				0.9483811743				6.33E+01		7.95E+01		1.43E+02		8				8.32E+04				6.33E+01		1.99E+02		2.62E+02		8				8.32E+04

				2		0.2706705665		1		1.73E+13		3.77E+01		1.07E+04		3.85E+04		1.3816		0.0822169072		0.0810787995				0.9800375174				2.93E+01		3.69E+01		6.62E+01		10				3.85E+04				2.93E+01		9.22E+01		1.21E+02		10				3.85E+04

				2.4		0.1347234308		1.2		8.10E+12		1.77E+01		5.00E+03		1.53E+04		1.6328		0.0385898892		0.0380556992				0.993581979				1.16E+01		1.46E+01		2.63E+01		12				1.53E+04				1.16E+01		3.66E+01		4.82E+01		12				1.53E+04

				2.8		0.0555550653		1.4		3.18E+12		6.95E+00		1.96E+03		5.21E+03		1.884		0.0151453205		0.0149356677				0.9983018661				3.96E+00		4.98E+00		8.94E+00		14				5.21E+03				3.96E+00		1.24E+01		1.64E+01		14				5.21E+03

				3.2		0.0191232733		1.6		1.05E+12		2.29E+00		6.47E+02		1.52E+03		2.1352		0.004998187		0.0049289983				0.9996322913				1.15E+00		1.45E+00		2.60E+00		16				1.52E+03				1.15E+00		3.62E+00		4.78E+00		16				1.52E+03

				3.6		0.0055217184		1.8		2.92E+11		6.39E-01		1.80E+02		3.78E+02		2.3864		0.0013919827		0.0013727138				0.9999349924				2.87E-01		3.61E-01		6.49E-01		18				3.78E+02				2.87E-01		9.03E-01		1.19E+00		18				3.78E+02

				4		0.0013418505		2		0.00E+00																0.9999906241

																						A plot

								total		2.10E+14		4.59E+02		1.30E+05						1		0.9861572542
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