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Irradiation effect to thermal conductivity
T. Maruyama et al., Journal of Nuclear
Materials 195 (1992) 44-50.
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Laser spot heating apparatus

Shielding for radiation

A

Indirect measurement
through mirror reflection

Muon Target will set
on the plug stand

The devices are set on the 3-
dimensional motion stage.
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(1 Measurement by Laser displacement meter
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Used Target were located within 0.2mm
precision against the ideal mock target.



Commissioning in Summer, 2011
Radiation damage to thermal conductivity of graphite

Measurement in Hot cell

The variation of thermal conductivity
irradiated by neutrons

20mm x 16mm
Map pitch2mm

Annealing effect

140 ——0.020pa200C |1
i‘; 120 \\ —8-0.250pa200°C [
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g e o T
% 40 o —e—1
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Data for 1G110 £ | i ot
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From Simulation If the decrement of conductivity is proportional
Th. Conductivity must be, to radiation dose, the distribution for the
0.25dpa on center; 5W/m/K thermal conductivity corresponds to the beam
0.002dpa on edge; 10W/m/K profile.




Commissioning in Summer, 2011

(1D Measurement of Used Target position
(Check of the distortion by the Earthquake)

(@ Measurement of the radiation damage to thermal
conductivity of graphite

Measurement in Hot cell

Preliminary check of position before transportation r ‘

M2 line

100uSv/h on Camera position
(measured dose)

Pictures were taken through a
vacuum flange for pumping station. Muon Target on the
center of vacuum duct

To Neutron
Source M1 line

o il =

@ Measurement by Laser
displacement meter

(DMeasurement of Target position

Originally the muon target was relatively located
within =20.5mm precision to the pins of the
target chamber in the beam line.

Resolution; Below =0.1mm

2-dimensional thermo-viewer

)
Z

Variant
frequency LD

@Measurement of Thermal
conductivity




Commissioning in Summer, 2011

Radiation damage to thermal conductivity of graphite

Thermal diffusivity are measured instead of Th. conductivity.

A=Dpc (A; Th. Conductivity(W/m/K), D; Th. diffusivity(m?/s), p; Density (kg/m?3), c; Th. Capacity (J/kg/K))

Conventional Method (Laser flash method)

_>‘

/

Heating

time

Temperature

time

Delay of
transmission

The target must be destroyed.
We must consider the scattered radioactive
powders.

The spatial resolution is limited by sample size.

Laser Spot Heating Method

Comparison
of Amplitude

2-dimensional
Thermo-viewer

—

> Periodic heating

LD

Temperature
A variation on
heating spot

N\

Time

_>|e

VAV

Delay of
transmission

Time

Temperature
variation on
distant position
from heating
spot

Non-destructive measurement
Target can be used again.
Measurement for History of rad. damage
High spatial resolution

(H. Kato et al., Meas. Sci. Technol. 12 (2001) 2074-2080)
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(H. S. Carslaw and J. C. Jaeger 1959 Conduction of Heat in Solids p263)
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(H. Kato et al., Meas. Sci. Technol. 12 (2001) 2074-2080)
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Theoretical Background of this techniqgue

Thermal transport equation D; Th. diffusivity(m?/s), p; Density (kg/m3), c; Th. Capacity (J/kg/K))

T(r,t)= P exp(—kr +1(wt —kr))

47Drc L] ® A4
| | K= |—= |22 =1
Amplitude 0 2D D
Carslaw H S and Jaeger J C 1959 Conduction of Heat in Solids (Oxford: Clarendon)p 263

Feasibility of Apparatus

(SR Thermo-meter

- Distribution of Th. Cond.
must be measured.
2-dimensional infrared

thermo-meter

' 0 gradient
ho__ A /
/ : D /\

Periodic heating on Point Amplitude includes _ -
Pexp(iat) given heat by laser, P Expensive!!

Comparison Evaluation by Delay
Temp. variation of Amplitude High quantitative performance
@ Heated spot /“ Evaluation by Amplitude
- time Low quantitative per., but low costs
Temp. variation W\/Y/\/ Relative measurements based on an

@distant position .
from heated spot ——{I = time exact Th. Cond., obtained by other
technique (Laser flash method).

Delay of transmission; & AT; about 5 K Un-irradiated Th. Cond. 170W/m/K
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Evaporation Rate [mm/month]
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Evaporation Rate
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Temperature [°C]

EENDZEFEIEE (M.S. Avilov et al., NIM A618 (2010) 1)

2,70E+03
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The control system

fabricated by Kobayashi Disassemble and Observation
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