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LOCATION	  OF	  EXTRACTION	  DUMP	  
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HISTORY	  
1.  The	  PSB	  dump	  was	  designed	  in	  the	  early	  1970’s	  to	  cope	  with	  beam	  energies	  

reaching	  800	  MeV	  and	  intensiQes	  of	  	  1013	  protons	  per	  pulse	  in	  each	  ring*	  
2.  Over	  the	  past	  years,	  the	  dump	  encountered	  some	  problems,	  i.e.	  vacuum	  and	  

water	  leaks	  
3.  Beam	  energy	  and	  intensity	  have	  been	  gradually	  increased	  during	  the	  last	  

upgrades	  (1	  GeV	  in	  1988	  and	  1.4	  GeV	  in	  1999)	  

*	  G.	  Gelato	  et	  al.,	  IEEE	  ParQcle	  Accelerator	  Conference,	  Washington	  D.C.	  1987	  
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Historical	  diagram	  of	  peak	  beam	  intensi4es	  
(provided	  by	  Thomas	  Hermanns)	  

Design	  energy	  



EXTRACTION	  OF	  OLD	  DUMP	  -‐	  ALARA	  
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DESIGN	  PARAMETERS	  
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-‐  Design	  parameters:	  
-‐  Max	  beam	  intensity:	  1E14	  p+/pulse	  
-‐  Beam	  energy:	  2	  GeV	  
-‐  Pulse	  period:	  1.2	  s	  	  
-‐  Max.	  Average	  power	  to	  dump	  :	  9.44	  kW	  

-‐  Opera7onal	  requirements:	  
-‐  Max.	  dump	  rate:	  10%	  operaQon,	  50%	  commissioning	  
-‐  LifeQme:	  30years	  
-‐  No	  access	  to	  dump,	  i.e.	  zero	  maintenance	  design	  (apart	  from	  cooling)	  
-‐  Robust,	  reliable	  design	  



NEW	  DUMP	  DESIGN	  
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Beam	  pipe	  (air)	  

Materials	  
•  Dump:	  Copper	  alloy	  (CuCrZr)	  
•  Shielding:	  Cast	  iron	  (downstream)	  and	  concrete	  (upstream)	  
•  Beam	  pipe:	  Aluminum	  	  



Cooling	  of	  new	  dump	  
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THERMO-‐MECHANICAL	  SIMULATIONS	  

3. Results  

The main purpose of this study was to evaluate distribution of the deposited energy for copper and stainless 
steel material, the percentage of the energy escaping the dump longitudinally as well as radially and also the 
temperature rise induced by the deposited energy. The comparison of FLUKA generated results for both materials 
is presented in Table 1.   

Table. 1. The table shows the comparison of the energy deposited, averaged deposited power and percentage 
of energy escaping the system (radially) for the copper and stainless steel dump. The assumed beam intensity is  
1E14 p/pulse. 

Dump material Energy deposited 
[GeV/primary] 

Energy deposited 
[J/pulse] 

(1E14x1.6E-10) 

Average deposited 
power (pulse period  

of 1.2 s) [kW] 

Energy escaping 
the dump [%] 

Copper (Cu-Zr) 1.415 22640 18.867 11.0 

SS 316L 1.386 22171 18.476 11.8 

 

Figures 2 and 3 show the distribution of the energy deposited in the copper and stainless dump. As expected  
the 2 m long dump sufficiently stops the impinging beam for both of the considered materials. The escaping 
energy takes place mostly in the radial direction as one also can observe in Figures 4 and 5. 
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Figure 2. The figure shows the distribution of the deposited energy in the copper dump.  The beam is fully 
stopped in the dump in the longitudinal direction (even a shorter dump of 150 cm long would have been sufficient 
enough for this purpose).  The deposited energy peak is expected close to the entrance surface of the dump, for 
details refer to Figure 4. 

Energy	  deposiQon	  (Fluka)	  

 REFERENCE EDMS NO. REV. VALIDITY 

 XXXX 1309632 0.1 DRAFT 
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The result has been then mapped into the thermal model (Figure 12) as a boundary condition. 

Concerning the temperature, a steady state profile was first found. A transient thermal analysis 
was then performed to take into consideration the temperature increase at each pulse. 

 

 

 

Figure 12 — Thermo mechanical simulation: steady state dump temperature 

 

For the stress estimation, the two temperature profiles were implemented in a multi-step 
transient structural analysis. 

In the first step, the integration time was disabled and a stress distribution was calculated as 
initial condition for the dynamic stress caused by the sudden increase of temperature of each 
pulse (Figure 13).  

 

 

Figure 13 — Dynamic stresses 

Dump	  Temp.	  Steady	  state	  (Ansys)	  
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The result has been then mapped into the thermal model (Figure 12) as a boundary condition. 

Concerning the temperature, a steady state profile was first found. A transient thermal analysis 
was then performed to take into consideration the temperature increase at each pulse. 

 

 

 

Figure 12 — Thermo mechanical simulation: steady state dump temperature 

 

For the stress estimation, the two temperature profiles were implemented in a multi-step 
transient structural analysis. 

In the first step, the integration time was disabled and a stress distribution was calculated as 
initial condition for the dynamic stress caused by the sudden increase of temperature of each 
pulse (Figure 13).  

 

 

Figure 13 — Dynamic stresses 
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Table 3 — Main results 

 

Value Case 1 Case 2 Limitations 

Average heat transfer coefficient for the core [W/m^2K]  61 61  

Average air temperature [°C] 32 32  

Steady state temperature [°C] 124 144 Maximum service T 
= 300 - 350 Steady state + pulse temperature [°C] 134 153 

Steady state minimum principal stresses [MPa] 35 34 Compressive 
strength = 320  Dynamic minimum principal stresses [MPa] 93 85 

Fatigue: stress amplitude (σmin-σmax)/2  [MPa] 29 25.5 Endurance limit = 
83 - 106 

 

 

The table shows that, in both cases, the temperatures and stresses reached by the dump are 
well below the material limitations.   

The endurance limit value for the material is present in literature for a stress ratio (σmin/σmax) 
R=0.  

Concerning the dump shielding, in which 1.3kW are deposited in steady state, the calculations 
show an increase of temperature to only 35 °C with minimum principal stress of 1.8 MPa. 

 

 

Figure 15 — Shielding steady-state temperature 

Main	  results	  from	  analyses	  (details	  in	  EDMS	  1309632)	  

Thanks	  to	  V.	  Venturi,	  E.	  Novak,	  A.	  Manousos	  (EN-‐STI)	  



NEW	  DUMP	  
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Thermocouples	  
and	  PT100	  
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InserQon	  of	  Dump	  and	  Shielding	  



Air	  Handling	  Unit	  and	  Beam	  Pipe	  
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Air$Handling$Unit$and$Beam$Pipe$
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Monitoring	  –	  ValidaQon	  of	  simulaQons	  

As	  soon	  as	  the	  dumps	  starts	  being	  used,	  its	  
performance	  will	  be	  carefully	  assessed	  by	  means	  of	  the	  
following	  measurements:	  

•  12	  temperature	  points	  on	  dump	  (1	  PT100	  and	  1	  
thermo-‐couple	  at	  each	  point)	  

•  Temperature	  and	  flow	  rate	  of	  air	  at	  inlet	  
•  6	  temperature	  measurements	  of	  air	  at	  outlet	  	  
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