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Beam parameters

Parameter Unit Value
Kinetic Energy GeV 10
Beam size mm 5o0r7.5
Bunch length ns 2
Bunch intensity ppb 5 %101
Bunch Frequency Hz 5

Natural convection is not feasible
for the 4AMW

- Tmax [°C] Principal stress [MPa]

Forced Colling Graphite Target

Forced convection cooling options

Option A Option B
(mm) 10 GeV 5mm 10 GeV 7.5mm
RO 15 225
R1 20 27.5
R2 21 28.5
R3 26 335
R4 27 345
LO 800 800
L1 50 50
o He




Target 4AMW 10 GeV Smm
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Power gW/cm3)
170 297, 576, 856.1.14e+03

No vessel Energy Deposition With vessel Energy Deposition

260 646 103 142 180.

250 271 292 312 333

: T¢C)
1¢C) 260 646 103 142. 180.
250 411 573" 73.4 896

T¢C)
260 398. 770 1.4e+03 1.52e+03

T¢C)
250 750.

Helium Colling: 0.2 kg/s @ 10 bar
FLUKA calculation on the vessel & target done by J. Manczak ﬁ

388. 1.11e+03 1.48e+03




Target 4AMW 10 GeV 7.5mm
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Power (W/cm?3
1.3 146, 282, 417. 552.
|

No vessel Energy Deposition With vessel Energy Deposition

_ T¢C)
255 640 103" 141. 179

1¢C)
250 30.3 355 408 460

T¢C)
250 416 583 749 916

T¢C)
255 640 103 141179

T¢CC)
255 390. 754.  1.12e+03 1.48e+03

T¢O)
25.0 384. 742, 1.10e+03 1.46e+03

Helium Colling: 0.3 kg/s @ 10 bar
FLUKA calculation on the vessel & target done by J. Manczak : 4




[4 Colling Vessel 4AMW 10 GeV Smm  teiium coliing: 0.2 kgis @ 10 bar

_ L Interior vessel .
s Maximum Principal Stress [MPa No vessel Energy deposition

5,387
45157
3,6444
2,7731
1,9018
1,0305
0,15919

-071211
11,916
10482
= 9,047

76132
| g17m
A 475
| 330
L 18750
044161

e Maximum Principal Stress [MPa External vessel

041101
0,35451
0,208
0,2415
0,185
0,12849
0,071992
0,015489
-0,041014

Maximum Principal Stress [MPa

With vessel Energy deposition

No vessel Energy deposition

20,101
17,464
14,826
12,189
09,5517
6,9124
4,277
1,6397
-0,90758
-3,6340

Maximum Princi deposition

AR - R -
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Thermomechanical simulation

Forced Convection—-5 mm gap annular flow

(D 311.2 120
et A Tme

From previous LS Dyna

Energy | Power Target RO| Mass flow HTC Tmax Tsurf P;ltI::Ispsal e_XpIICI'[ _StrUCtU ral
[GeV] [ [MW] [mm] [ rate [kg/s] [W/m2°C]| [°C] [°C] o simulation of str_ess_
waves propagation in
. NA 1 88

Natural
Convection

Convection Alternant stress

5 24217  2013.9 19.23 graphite for baseline:

(63}
iy
(63}

10
0.7
(MPa)
10 5 15 0.25 028 10 | 4797.00 1447.8  652.29 17.66 Average stress
10 5 15 0.20 022 10 3898.00 1515.8  762.55 19.161 (MPa) L 22.5
T
10 5 15 0.10 011 10 2255.00  2095.6  1239.9 25.69
3.1% variation
10 7.5 225 0.36 028 10  4792.03  1392.4  548.09 19.52
10 7.5 22.5 0.30 023 10 4135.00  1539.7  640.22 21.35
T i
10 7.5 22.5 0.25 020 10 3419.90  1618.8  683.19 22.42 Density [ko/m3] 1830
Tensile Yield Strength [MPa] 29.7
Sublimation T [°C] 3330

Fs=1.25
- physical Limit *HTC based on CFD calculations using k-omega SST ﬁ




Colling Flow Field
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lts important to keep the velocity as low as possible
to prevent erosion of the graphite (M<0.3)

0.25 kg/s | - . Pressure

——

DOO 0.156 03] 046? 0.623

Velocity

0.20 kg/s

_ d > Flow in the curve can be improved by

OOD 0.115 0230 [)345 0.460 des'gn

S A




Demonstrator
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Beam parameters fou
5 n.
Parameter Unit Value E o ————— . "in?
Kinetic Energy GeV 14 - = ]
Beam size at 1 sigma cm 0.2 N £
Bunch length at 1 sigma ns 10 -10
Bunch intensity ppb 1013
Bunch Freguency Hz 0.446 t0 0.05 e T
t
-20
) 50 100 150 200
z[cm]
Horn parameters
i i Current  Conductor
Forced convection cooling vessel Lem L em e rem raem e e
200 90 2 12 15 220 0.25
(mm) 14 GeV 2mm
RO 6.0
R1 11
R2 12
R3 17
R4 18
Lo 900

L1 50




e Only Target energy deposition
/,‘International DemonStrator (steady State 0446 HZ)
C
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Parameter Unit Value
Bunch Frequency Hz 0.446

T: Static Structural

Maximurn Principal Stress
Type: Maximum Principal Stress
Unit: MPa

Time: 1s

Max: 1,502

Min: -1,336

1,502
1,187
I ganz
L] osses
L] ozan
-0,07424
1 -038%6
-0,7049
-1,02
1,336

He: m=10 (g/s) @ 5 bar

40.0
Fi o Target Axis

37.51 [\ ® Vessel int 0 250 S50’ 252 253
D) " ® \Vessel ext
T 35.00 o
<]
5
“é 32.51 50 253 98 260 263
2

30.0}
ﬁ -
=

27.5F \\

—
25.0F - ; ‘ A .

0 20 40 60 80

z lenght (cm)
FLUKA calculation on the vessel & target done by P. Jurj J



Flow Field Colling Demonstrator
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Helium Colling:
10 g/s @ 5 bar

Pressure loss
(can be improved by design)




Summary

S\

= For the 4 MW option with 10 GeV, it is possible to use both cooling
options, considering:

= Forthe 5 mm beam, we need a lower flow rate, but the higher velocity of helium could lead to
erosion.

= For the 7.5 mm beam, we need a higher flow rate but with a safer velocity range.

= Missing results:
a)  Thermal shock simulation!
b)  Design of the cooling system with support, probably with flanges that will decrease the HTC

= Test Demonstrator for different beam frequencies

o M
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Thank you
for attention



