Target R&D

for the J-PARC neutrino experiment

Yoshinari Hayato (KEK/IPNS)
for the J-PARC target & monitor R&D group



(input parameters)

Target size 30mm ¢ x 900mm L
Beam size G, = 6mm
Density 1.85 g/cm?3

Energy deposit 58kJ/spill

Distribution of the energy deposit in the target
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Heat transfer rate @ surface
Temperature @ surface (environment)

(FEM simulation)

6.5kW/m?/K
25°C

Two patterns of the time structures were simulated.
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(for the detailed study)
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result 1 :

198°C (IG-43)
l 200°C (G-347)

Equivalent stress o, (Quasi-static stress + Dynamic stress)
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E :Young's modulus T, : Temperature rise
a : Linear expansion coeff. v . Poisson ratio

ECZTO

tensile strength | To(K) |0 o4[MPa] | Safety factor

1G-43 37.2 198 7.48 4.0

G347 31.4 200 5.55 4.5

Safety factor = [tensile strength] x [material fatigue factor] / o
(material fatigue factor = 0.8)

=) These materials seem to have sufficient safety factor.



FEM simulation result

relative temp.

just before the 11t spill from 250C

("1.E+01)

- +2.0146

r 2[4k +1.8508
+1.6870

+1.5232

+1.3594

+1.1956

+1.0318

. Maximum Temperature : 45°C +0.8680

+0.7042

just after the 11t spill

temprt

{(Nodal )
(*1.E+02)

+2.1104
+1.8569
+1.6035
+1.3500

Maximum Temperature : 236°C +0:8431

> Z +0.5896
+0.3361

(Material : 1G-43) +0.0827




FEM simulation
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* Temperature is saturated
(°C) | = _ _
osp | (Material : 1G-43) . In a few spills.
200 |
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100 | :
Temperature rise gradually decreased
0 because of the temp. dependence of Cp.
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Cycle 11

12

( simulation input parameters )

Material properties

(°C)
200

Cycle 11 Cycle 12

150
100

50

0.0

Time (sec)

0O 1 23 456 7 8 9 1011 22

Young’s | Linear
Temperature | modulus | Expansion
°C MPa | Coeff. (x10)
0.0 10760 3.6814
20.0 10790 3.762063
100.0 10920 4.065344
200.0 11080 4.48612
400.0 11410 4.926584

Two types of the stress analysis (LS-DYNA)

(fast components)

time step : 1us (from O to 205us)

(slower components)
time step : 10us (from O to 2050us)




FEM simulation result

Just after the 11th spill

’—-

Maximum equivalent stress
6.8MPa

+6.8029 l
+6.0449
+5.2868
+4.5288
+3 7707 (x10 MPa)
+3.0126
+2.2546
+1.4965
+0.7385




) FEM simulation

2. dizp-x 1856
DISPLACEMENT
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Displacement in the radial direction
~ 6X103mm

~ 6us



FEM simulation
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Displacement in the longitudinal direction
~ 2.5x10-tmm

~ 250us



FEM simulation
@

@

. simulation

~ 236°C
(analytical : @ center ~ 250°C )
~85°C

~ 6.8MPa
(analytical ~ 7.5MPa)

radial ~ 6X103mm
longitudinal ~ 2.5x10'mm
radial ~ 6usS
longitudinal ~ 250us



Energy deposit in the target ~ 60kJ/spilll
~3
Cooling method : Water cooling
(high heat transfer rate can be achieved)

. (boiling point = 100°C)

Surface area ~ 30mm x © X 900mm = 0.085 m?

Required heat transfer ratio (o)
~ 20 kW /0.085m?2 / AT

( AT: Temperature difference between the water and the surface )

AT =40°C a ~ 6 KW/m?/K



(Use fitted energy deposit distribution in r-direction and
o averaged in z-direction.)
— Temperature on the surface
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Example of the time dependence
of maximum surface temperature

100

relation between water flow rate vs. o

gl AT NS [kW/m2/K]
U 110 - Flow rate : 20l/m S 75| ////
100 - : 2 =
&, ; a: 6kW/im?/K, o 7+
% 90 ® 6.5 surface < 100°C
= 80 o
2 70 5.8 //
— 60 S 55 !
50, § s | —
a0 97.3°C L |
30 4.5 :
209705 1 15 2 25 3 40 510 15 20 25 30 35 ﬂt!a,'h'ﬁ'"in
Sec water flow rate L¥min
To satisfy T e < 100°C,

o > 6.5kW/m?2/K @ flow rate = 15I/m
a > 5.8kW/m2/K @ flow rate = 20l/m



(heat transfer rate measurements)

Water feed

Thickness of the water path: 2mm

Diameter of the target: 30mm

Water temp. (in): ~25°C

DC Current: up to 1.3kA
(~20kW)

Current feeds Thermocouples



Heat transfer rate (o)

=

Measurements & theoretical expectations

mesurement & calc

0
9 This time we measured up to 12I/m.
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g mam 20 [I/mi
3 Calc. [Vmin]
2; === 15 [I/min]
' Data w12 [I/min]

- S.Ueda == 8.9[l/min]

u.iﬂ 35 40 45 50 55 60 65 70 75 80
Surface temperature (°C)

o > 6kW/ma/k
= 18l/m

oo=0.023xRe 08 x Pro4x i xd?

Re Reynolds number
Pr Prandtl number
A Thermal conductivity

d equivalent diameter
(Re and Pr also depend
on the surface temp.)




()
FEM simulation

@ ~ 236°C
(analytical : @ center ~ 250°C )
~ 6.8MPa

(analytical ~ 7.5MPa)

tensile strength | 0 ., [MPa] |Safety factor

1G-43 37.2 7.48 4.0

G347 31.4 5.55 4.5




(1)

Tsurface < 1OOOC1

[Heat transfer rate] > 6.5kW/m?/K @ flow rate = 15I/m
[Heat transfer rate] > 5.8kW/m?4/K @ flow rate = 20I/m

(graphite )

Heat transfer rate > 6kW/m2/k
= 18l/m

Next :
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Schematic view of the possible target (cooling) system
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