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Abstract whereQ*(J) is determined by = — - VT to Q*(j) =

Shown are the dependencies of thermal heating on the théyz; - %%l , With %FQ [W/mm?] as the radial power den-
mal characteristics of the stopping material and on the pegity of the beam Az, is the width of the mesh in axial di-
etration depth of the particles considering DC-beams asction and should be approximately. Figure 1 shows
well as intense pulsed beams up to some Megawatts puBsealculated temperature distribution fo¥ MeV /u Ura-
power. The results of relevant calculations based on soium ions stopped in Copper. Cooling was applied to the
lutions of the related partial differential equations of heaback plane{y_, ., = 0) and the shell{; ;.. = 0) of
transfer are given for some typical projectilearget com- the cylindrical Copper block.

binations. An example concerning beam loss in the beam
pipe is given, too.
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1 INTRODUCTION \\\ Target: o

Typical diagnostic devices which require the estimation

of thermal effects are beam stoppers, slit systems, scrap-iso—\\ | . oo 150
ers, wire scanners, profile grids, thin targets, septa. Since ----- S

thermal effects in materials depend on the duty factor of 200" \\J.. .

the beam and the penetration depth of the impinging par- e I S
ticles a classification distinguishing between DC-beams *| ;

and intense pulsed beams has been proved to be use-
ful. In both cases one has also to distinguish between
pd < sd, pd < sd, pd > sd with pd as the penetration
depth of the impinging particles ard as the longitudinal 2o 5O
stopper dimension. AXial [y 20 N

100

2 DC-BEAMS Figure 1:10 MeV /u Uranium ions— Cu

For DC-beams and beams with a high duty cycle one has to

. : v In addition to the maximum temperatu which in
consider the stationary temperature distributitqe, y, z) case ofpd < sd occurs at = 0 ang Whiczéiﬂs)((jecidin for
given by the solution of - 9

melting of the material the maximum power flow through
the cooled surfaces has to be considered, too. This can be

1 Qz,y,2)

AT(z,y,2) = N T v ¢ 1) getermined from

whereX [W/mm - K] is the specific heat conductivity and Q(J) T 4 —Tr

¢ [W/mm?] is the heat deposited in the volume element o Az ’

V. Considering cylindrical symmetries and applying the Q([) Tr ;4 —Tr

method of finite differences the temperatures at the nodes F A — Ar : ) (4)

of the mesh can be determined by iterating the equation . L .
which simplifies withZy_, ;s = 0 and7y .. = 0 due

0 = Cf Tiy10+C; -Ti—1,0+CF -Tr 41 to cooling. For laminar water flow a mean power flow

+C5 -Tr -1 — Ary-Try+ Qv,J) (2 qf abogt_120 W/cm2 [1] should not be eseeded to avoid

) film boiling. Obviously, the ratio off},,, and the max-

where theC' are determined by the structure of the mesh,um power flow depends on thevalug the beam ra-
and thel-value The index/ stands for the axial coor- gjys, the length and the radius of the stoppingcylinder.

dinate ¢) and J for the radial coordinater]. In case Ty demonstrate the dependencies the table below gives

of pd < sd Qv (I,J) can be assumed zero and the de; Q(I=0) QU=0) :
H e : Trnax [C] Ty 9Zmax and - F - qTmax 1N
posited heat results from the boundary condition given by[W/Cm2] for the 10 MeV /u Uranium beam of Figure 1

Tr—o,5 = Tr=1,7 + Q" (J), (3) stopped in Cu, Ta, W, Mo and Graphit@x).



U —Gr | >Cu| —>Mo|—>Ta| W Jemperature [C] 1S
T 1160 264 1191 1908 582 1000 MeV/u Uranium ions, 10 kW D
GTmaz | 170 168 267 263 163 500 - =

G2Zmaz | 149 148 233 231 143

(%)

500

400
Although the penetration depth of 10 MeV protons in these
materials is up to a factor of 4-7 larger than for Uranium
pd « sd still holds and, therefore the calculated values 2o0f"

for Tryazs @ = ¢zmax and @ = @rmax are
nearly the same for all ions with the same beam parame- e
ters. )

In case of larger energiepd < sd) theQy (I, J) have
to be calculated from energy loss tables [2] and inserted 20 3
at the nodes of the mesh. Since the particles are stopped Axial [mpm; 40 50 O &
within the material the Bragg peak is reproduced in the
QV(I, J) and, thereforé,,x Will not necessary occur at
the front plane. This is demonstrated in Figure 2 for a
beam ofl00 MeV /u protons stopped in Copper, where the
method of finite differences (FD) has been compared to the

Figure 3:1000 MeV /u Uranium ions— Graphite

finite element method (FE) [3, 4]. oT
oA O & AT(a,p)+ L0222 )
ot Vv
Temperature [C]
1000
9OOW\ Target: G, Cylinder radius = 48 mm wherea? = 2 describes the time dependence of heat
““FE \ 100 MeV protons, DC, 20 kW ep . 9
800 transfer. The next table gives the valuediof, anda“ for
Bragg peak \ Rpeam: 5.7 mm .
700 the 5 materials.
\ pdcs sd
°° \ Gr[Cu | Mo|Ta|W [Uni
500
N\ FE Wn |8 |58 |12 |11 | 145| [Ws/mm?]
400 \
2 50 | 100 | 44 | 21 | 62 2
zz: FE: Finite element method\ a [mm /S]
100D Finite difference method S~ Figure 4 shows the distribution of temperatures for the
o ‘ ‘ ‘ ‘ ‘ ‘ \N selected materials along the beam axis afters, assum-
°© 5 10 15 20 25 30 3 40 45 50 ing pd = 0.1 mm, a beam pulse length ¢fms and a pulse
Axial [mm] power of100 kW.
F'gure 2 Compal’lson Of FE and DE methOd Maximum temperature along stopper axis (r=0), [C]
|
1400
A further example in Figure 3 shows a 3-dimensional j:\ __ Graphite 100 kW pulsed beam,

display for 1000 MeV/u Uranium ions stopped in %%
Graphite. The next table gives the calculaigg, . -values 100

\
\ Tantalum pulse length : 1 ms

for the 5 materials. . o e o penetration depth : 0.1 mm, pd << s
U —-Gr | =Cu|—>Mo|—-Ta| W 00 \ Iron
Trnar | 538 [ 305 [ 946 [ 3004 | 1022 N \)K copper
3 INTENSE PULSED BEAMS 200
In case ofpd <« sd cooling may not help if the deposited ot pransnsasaed
energy is sufficient to melt or even to vaporize taage Axial [mm]

volume defined byV ( Ryeam, pd) = mRZ,,,, - pd. There-

fore, in a first estimation the beam energy of one beamigyre 4:100 kW pulsed beam stopped in various targets.
pulse should be compared to the energy needed to melt the

range volumgW,,). Another example is the design of a beam stopper which
Obviously, this estimation holds only if nearly no healyj| pe needed after the intensity upgrading of the Unilac.
transfer to the material around the range volume takes 1.4 MeV /u Uranium beam ofi250 kW within 200 us
place during the beam pulse length. To take the time déas to be dumped. Since the penetration depth is only
pendence into account one has to solve the partial equatiabout 10 zm the surface hit by the beam has to be en-
of heat transfer larged by tilting the stopping plates. The design has been
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optimized by using Equation 5 to calculate the tempera-
ture distribution in dependence of the enlarged beam radius™]
for various materials. The calculated temperature distri- “**}
bution at the end of the beam pulse is shown in Figure 5 ™
for a Tungsten plate. Although the calculation for Copper
results in ali,.x below the melting temperature the final
design of the stopper will be made from Tungsten with a
backing of Copper (see Figure 6) to avoid melting in case
of beam misalignment or faults of focusing devices.
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Ceramic Insulation Cooling Channel Figure 8:Tmaz(za t) in a beam pipe hit by the beam
Beam Tmm Tungsten
o "~ Copper Btk Obviously, heating up of the beam pipe will depend on the
repetition rate.

Supressor Hlectrode] ] Conclusion: Due to the wide range of beam parame-

| ters and ion/target combinations only some selected topics
Shield . Permanent Mognets ‘ 4 thermal aspects have been discussed to describe the tools
justment Sheet (Iron; fixed with Ceramic Insulation) )
and to demonstrate the importance of the matter.

Figure 6: Beam stopper, parameter see Figure 5
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