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Thermal moderator

First component interacting with the primary neutrons
(including water In target cooling and beamstop)

 Reduce energy MeV - meV
« Keep confinement of neutron cloud
« Shape thermal neutron pulse (in time)

Extraction towards the neutron beamlines
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Host for cold sources, whereever desired
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Geometrical boundary conditions

1009

for neutrons

Extraction channels ‘ Horizontal target

Proton beam from below
12 beam ports towards instruments

Insert cold sources (6 cm &)
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Radiation heating
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Radiation heating by

« High-energy neutrons

* Prompt gamma radiation from target
Peak power: 680 mW /cms3

Integral power in the first 3 cm: 44 W

—> Forced cooling circuit needed
- H,0O as thermal moderator material
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Moderator geometry

We have developed a geometry offering
12 extraction channels for thermal beams

or individual cold sources
In 2 layers

offering comparable neutron intensity

All channels in the same layer would have been too much void
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Moderator geometry: lower layer
10 | (suitable for para-H,)
a2 (thermal or
o N et bi-spectral CH,)

Void (orange) for guiding
primary neutron to
upper layer

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft e SOURCE Forschungszentrum



Moderator geometry: upper layer

2 continuous channels
(suitable for para-H.)

L;\;; 1 dead-end channel

) (thermal or

. .\:\"\QZ bi-spectral CH,)
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Moderator design

Extraction channels:

3D printed lost-wax model
of outer shape

Al casting

Deep boring of channels
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Moderator design

11.8-11.12

Container: 4 Al shells

Mechanical milling
Chemical milling for weight reduction pockets
Alighment of 6 parts with locking pins and removable alignment aids
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Moderator cooling
Velocity - L, Outlee L,

magnitude, Temperature, L, i Ls pS eu d O- 2 D Mo d e I
[m/s] (K]
6.96e-01 3.38e+02
6.46e-01 3.35e+02 2 x1In | et
5.97e-01 3.32+02
5.47e-01 3.29¢+02 0.5 m/s
4.97e-01 | 3.25e+02 20 °C
4.47e-01 3.22e+02
3.98e-01 3.19¢+02
3.48¢-01 3.16e+02 Heating 1 W/ g
2.98e-01 3.13e+02
2.49e-01 3.10e+02
1.99¢-01 3.07e+02 ng hest temp. 65 °C
1.49e-01 3.03e+02
9.94e-02 3.00e+02
4.97e-02 2.97e+02
0.00e+00 2.94e+02
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Moderator cooling

pseudo-2D model

5.49¢-01 3.46e+02
5.07e-01 3.42e+02

4.65¢-01 3.38e+02 1 x Inlet

4.22e-01 3.34e+02 O 5 m /S

3.80e-01 3.30e+02 °

3.38e-01 3.26e+02 Case 11 20 °C

2.96e-01 3.22e+02

2.53e-01 3.18e+02 .

2.11e-01 3.14e+02 Heatmg 1 W/g

1.69e-01 3.10e+02

1.27e-01 3.06e+02 Highest temp. 73 °C
8.45¢-02 3.02e+02

4.22e-02 2.98e+02 "

0.00e+00 2.94e+02 i
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Reflector

Reflector material: Pb

« High scattering probability for fast neutrons
« Low moderation - No elongation of the pulse

10 cm Pb reflector would be enough for neutronics

 Efficient shielding for highest energy neutrons
- 25 cm Pb above the thermal moderator

* Penetrated by extraction channels and supply lines
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Reflector

15 26 27 Target level
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Reflector

LEVEL II Lower level
of extraction channels
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Reflector

LEVEL I Upper level
of extraction channels
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Reflector

Total height
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Reflector Structured assembly
to ensure service
of water supply

Total weight 3750 kg
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Neutronic performance
MCNP model containing

cold sources in both layers
(here: cut through upper layer)

Simulation results:
Neutron spectra at the
surface of cold source /
H,O scatterer
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Neutronic performance

thermal neutro

ns

cold neutrons
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Conclusion

A Thermal Moderator-Reflector assembly has been designed
for 12 separate extraction channels in 2 levels
offering equal neutronic performance

Materials: H,O moderator, Pb reflector

Forced cooling of H,O moderator is necessary and possible

Technical design is ready for manufacturing and assembly
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Conclusion

But: A design with lower complexity yields higher neutron intensities!
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