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Four options

a) Graphite core+ SS sleeve

b) Copper core + SS sleeve

c) Tungsten block

d) Graphite core + Tungsten sleeve



Dump geometry




Dump Core and beam area

Core and Beam area

Z length varies due to the different material.
Based on Mar's (Diane Z) result, this penetration length, Lz,
=40 cm for graphite, 12 cm for copper

Lc
total core length Lc

/ Beam spot
=Lz*a*b=Lz*1.5 cm*1.5 cm



Loading extracted from Mar’s data

Steel Upper plate Carbon Plug graphite Steel
Vol {cm3) E (GeV/g) dE (GeV/gVel (cm3) E (GeV/g) dE (GeV/g) E*F B*C

0 0 0 0 3.62E+01 8.70E-05 3.42E-07 2.11E+01 3.15E-03 0.00E+00

1 5.65E-02 1.32E-07 6.60E-08 3.61E+01 9.25E-05 3.84E-07 2.24E+01 3.34E-03 7.48E-09

2 159E+00 3.17E-07 9.67E-08 3.57E+01 9.72E-05 4.05E-07 2.33E+01 3.47E-03 5.03E-07

3 1.83E+00 8.12E-07 1.60E-07 3.59E+01 9.80E-05 4.01E-07 2.36E+01 3.52E-03 1.49E-06

4 2.00E+00 1.25E-06 1.81E-07 3.57E+01 9.91E-05 4.06E-07 2.37E+01 3.54E-03 2.50E-06

5 2.26E+00 1.59E-06 1.79E-07 3.60E+01 9.80E-05 4.01E-07 2.37E+01 3.53E-03 3.59E-06

6 250E+00 2.38E-06 2.18E-07 3.59E+01 9.80E-05 3.99E-07 2.36E+01 3.52E-03 5.95E-06

7 2.62E+00 2.60E-06 2.15E-07 3.55E+01 9.89E-05 4.12E-07 2.36E+01 3.52E-03 6.82E-06

8 2.71E+00 3.22E-06 2.29E-07 3.57E+01 9.73E-05 4.02E-07 2.33E+01 3.48E-03 8.71E-06

9 2.88E+00 3.58E-06 2.37E-07 3.54E+01 9.56E-05 3.83E-07 2.27E+01 3.39E-03 1.03E-05

10 3.00E+00 4.20E-06 2.51E-07 3.60E+01 9.35E-05 3.90E-07 2.26E+01 3.37E-03 1.26E-05

P case
From Mar's:
graphile 2.325 gram/cm”3 1.20E+12 1.60E-10 15 For OP condition (1.2E12ppp)
graphile pro/pul Jole/gev pulse The Power=0.91 KW in graphite
den*sum E*F Steel and 0.02 KW in steel (less 2%)
3.15E-01 Gev/proton 6.33E-03 For Accident case:
3.78E+11 gev/pulse 7.60E+09 The power is scaled to 7.5E12 ppp
6.06E+01 Jole/pulse 1.22E+00 It yields power=6.25 KW
9.09E+02 jole/sec 1.83E+01
in steel plate For thermal ans structure calculation:
a) OP will be running for 24 hr/364 day
in graphite (steady state)
core total= 0.93 KW
b) The accident will be "OP+1 hr of 6.25 KW"
98.03% 1.97%



Loading summary

1) Operation, 24 hr/365 day
Power=1 kw

2) Accident case:
OP+ 1 hr of 6.25 kw



Material Property

Kxx _watt/m-K | Thermal Syield (ksi) T melting
expansion coeff | T=500 F
/K
Cu ~383 16.3e-6 8 ksi ~1000C
- ¢10200/sb152
SS s30400 16.7 16e-6 21 ksi ~1500 C
Varies, > 3000 C
Graphite compressive
600 3e-6 strength
~4,000 psi
Tungsten 160 4.3e-6 85ksi > 3000 C




Graphite core +SS sleeve _ OP (1 KW)
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Accident Case for Graphite +SS sleeve
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Copper core + SS sleeve

AN

Copper core + SS sleeve

Lc (core length)=60 cm (~2ft)

Lz (beam aréa)¥12 cm
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Temperature for Cu+SS

310.74 operation case

320.947 Cu core +SS sleeve
331.15%

341.362 Tmax=402 K=129 C=264 F
351.569

36l1.776

371.984

382.191

392.398

402.605
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AVRES=Mat Accident case
SMM =310.552 OP+1 hr of 6.25 KW
SMX =568.898
310.552 Tmax=568 K=295C =563 F
339.257
367.962
396.667
425,372
077
482.782
511.487
540,193
D68.898
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Tungsten block temperature OP
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Tungsten block for OP+ 1 hr of accident

310.452
378.367
446.283
514.12%
582.114
650.03

717.9486
785.862
853.777
921.68593

Tmax=921 K or =638 C
or=1198 F
For Lc (core length)=12 cm
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Tungsten block
OP (1 KW)+1 hr accident of 6.25 KW

Tmax=860 K=587 C

310.465 or =1088 F

371.635
432.805
453.975
555.145
616.315
677.486
738.656
799.826
860.9546

For Lc (core length)=24
cm
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Graphite core + tungsten sleeve

graphite core + Tungsten sleeve
case
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Tmax=389 k=116C=240 F

for OP=1Kw

SMN =3LU.0UYd
SMX =476.282
310.508
328.927
347.347
365H.766
384.185
402.605
421.024
435.444
457.863
476.282

Tmax=476 K=203 C=397F
for OP+1 hr of accident (6.25 KW)
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Temperature result

Lc_ total core Lz=beam Tmax Tmax for
length (cm) section length | For OP of 1 Kw | accident case :
(cm) from op+ 1 hr of 6.25
Mar’s kw
Graphite+SS 80 cm 40 cm 394 K=121c 501 K=228 C
sleeve =247 F =442 F
Cu core + SS 60 cm 12 cm 402 K =129 C 568 K=295 C
sleeve =264 F =563 F
Tungsten (core | 12 cm ~6 cm 462 K=189 C 921 K for Lc=12
& sleeve) =372 F cm and 860 K
for Lc=24 cm
Graphite core + | 80 cm 40 cm 389 K 476K =203
tungsten sleeve =116C=240F C=397F
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Thermal stress for graphite core + SS

OP case

B

E

I

A =olo.9il
B =1082
E =277%
I =5042

=o0808%

=176427

=330585

Thermal stress under
OP case (1kw)

Graphite core
Smax=~4000 psi

SS sleeve
@ Smax=22.2 ksi

some area is higher,
but very localized
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Thermal stress for Graphite core + SS sleeve
accident case

OP (1Kw)+ 1 hr of 6.25 kw
case

2 =554.003
B =11z2 Graphite core
Smax=~5000 psi

E =2856

SS sleeve
Smax=> 35 ksi too high

E =311510

I =587755
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Thermal stress for Cu+SS
(operating case: 1 kw )

Cu+SS _ OP case (1KW)

Cu core
Smax=~40 ksi
too high

=23825
=595285

S8 sleeve
E =2066209 Smax>24 ksi

I =3859420
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Thermal stress for Cu+SS
Accident case
F%E@E\ - Cu+SS

OP+ 1 hr accident case Cu+ss Accident

Cu core
Smax=~60 ksi
too high
A =14250
B =23027
E =492410
I =34189
SS sleeve
Smax> 44 ksi too high
A =43636
B =12761%

E =379557

I =715477



Thermal stress for tungsten block

I —-38680 1‘ Tungsten block for

B —115789% OP:
Smax=38 ksi (ok)

I =655547

for op+1 hr of 6.25 kw
Smax=85 ksi for Lc=12 cm
and 84 ksi for Lc=24 cm

A =85330
B =254535
T =.144E+07
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Thermal stress for graphite core + Tungsten sleeve for

graphite Core + Tungsten Sleeve

iy
B

OP case

=347.412
=766.6268

=2024

=3701

Smax=3700 psi
for grahite core

T

=22375

=66271

=197958

=373542

Thermal stress for operating case (1KW)

Smax=22 ksi
and 60 ksi some local area
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Thermal stress for graphite core + tungsten sleeve
Op+ 1 hr of 6.25 KW accident case

Thermal stress for OP+1 hr of 6.25 kw
graphite core +tungsten sleeve

A =530.428 Smax=4900 psi
B =1080 for graphite core

=34726

Y
B =10331% Smax=35 ksi for
tungsten sleeve,
some local area=100 ksi
I =583469
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Thermal stress

Graphite/SS Cu/SS Tungsten Graphite
/Tungsten
OP (1 kw)
stress ksi 4 ksi/24 ksi 40 ksi/24 ksi 38 ksi (ok) 3.7 ksi/22 ksi
Accident (1kw+
1 hr of 6.25 5 ksi/35 ksi 60/44 Kksi 85 ksi (ok) 4.9 ksi/35 ksi

kw) _stress ksi

Yield stress for Cu=8 ksi,

SS=21 ksi,

Grahite around 4~5 ksi in compressive,

W=85 ksi
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Conclusion

* Both tungsten block and graphite core
+tungsten sleeve will work.

* Tungsten block is simplest and Lc=24 cm is
recommended.

* Tungsten +graphite core offers a least
temperature rise due to the graphite core has
a small dE/dz—> longer Lz ( 40 cm, rather than
6 cm if it is tungsten core.



