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ESS MODERATOR & REFLECTOR SYSTEM

PROJECT OVERVIEW

Rotation Unit\A

Twister Crown \!

weight: 13 t
Height: 6,5 m

Shaft \

Frame

Axial bearing

Bucket \
Moderator & Shaft & mounting Frames (shielding) Final twister .
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FIRST GENERATION OF ESS MODERATORS (BF2)

Thermal Moderator
Irradiation module

Pre Moderator
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FIRST GENERATION OF ESS MODERATORS (BF2)

DESIGN SOLUTION & STATUS MANUFAC TURING

v'Final assembly
v'"NDT’s
v Ready for delivery!
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BF1 MODERATOR VS. BF2 MODERATOR, [1]

WHY NEW DESIGN BEFORE THE OLD ONE IS IN USE?

Up to 30% brightness gain for some beam lines

(e.g. NMX, BEER)
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BF1 MODERATOR STUDY

DESIGN CRITERIA

Minimal structure material content (neutronic)
Material, location and time-dependent neutronic heat
Pressure p,=10 bar (p =17 bar)

Temperature T,,=18,5 K (dT<3 K)

>99,5% para hydrogen

Consideration of irradiation

Compressibility of LH,

Avoid (local) boiling

RCC-MRx calculation

Manufacturability

Weldability
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BF1 MODERATOR

DESIGN SOLUTION, [2]

= tFast Neutrons
)/

Second generation of ESS =1l para LH, volume | G o)

cold Moderators..... Dimensions: 250 x 200 x 36 g ’ J U |_|C|.|
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BF1 MODERATOR

HEAT DEPOSITION =F(MATERIAL,X,Y,Z), [2]
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BF1 MODERATOR

HEAT DEPOSITION =F(MATERIAL,X,Y,Z,T), [2]

Weighting factor for the time-dependent heat Average volumetric heat in the pulse
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BF1 MODERATOR

START CONDITIONS OF CFX, [2]

Qrotar = 2 Qvai (X,7) * Vay + X Qyigzi (6, 7) - Voo =71 kW(AT < 3K)
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BF1 MODERATOR

MATERIAL PROPERTIES, [2]

Phase diagram of para H2 Thermal conductivity of aluminum 6061-T6
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BF1 MODERATOR

UNCERTAINTIES OF HEAT DEPOSITION, [2]

1. Static error of the MCNPX simulation <1% (AVE)
2. MCNPX model error £15%

3. Error of the approximation function

ANSYS ANSYS

Y Quenexi W1 X qurici Vi [W A [%]
Al 2343,031 2379,518 -1,56
LH2 2788,063 2846.,508 -2,05

4. Up-normal proton beam parameter

Pry =5MW + 0,2 MW, (+4%)

Zp = 3 mm (+35.6%)

>Pr, = 1,056 - P;y = 5 MW + 0,49 MW

Prm = By - (1+0,15—-0,01805 + 0,138) = 1,26995- P,
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BF1 MODERATOR

ADDITIONAL UNCERTAINTIES, [2]

1. Mass flow —>control valves! (3 e= £1%)

2. Outlet pressure —>control of PCB and pressure sensor! (3 e~ £3,5%)

3. Inlet Temperature —>control of HX and temperature sensor (3 e=+2,5%)

4. Manufacturing Tolerance —>using for CFX the max wall thickness!

5.  Material properties —> comparison with other libraries (3 e= £1%)

6. CFX??7? ->experiment (PIV) ZEA-1 | Gaonc s mayics 1254

and Techn \ylZEJ‘\l
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BF1 MODERATOR

SS RESULTS (TEMPERATURE), [2]

Temperature
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BF1 MODERATOR

SS PRE RESULTS (PRESSURE), [2]
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BF1 MODER

ATOR

TIME DISCRETIZATION (TIME STEPPING), [2]

Time stepping
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BF1 MODERATOR

HEAT INTEGRAL VALUES, [2]
Heat pulse at 1, 3 and 5 MW P-beam power
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BF1 MODERATOR
DT, DP, [2]
dT and dp at 1, 3 and 5 MW P-beam power
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BF1 MODERATOR

TEMPERATURE DISTRIBUTION, [2]
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BF1 MODERATOR

PRELIMINARY RESULTS OF PARTICLE IMAGE VELOCIMETRY MEASUREMENT (PIV), [2]

v, [m/s]

05 1, wpapIv 05 « MPAPIV Measured and simulated mean velocities as a
. function of MPi at Re=8,4-10° (=ESS Moderator)
F'l".. n
04 | e MP3-CFX g ,"};Eix’-’.-?‘a . 04 "MP4-CFX & 20
o n EEE B g y // ™
. _74:. i {\\-\ - 4-’ §e- .l 15 s {
0,3 . e N . " \\\. 10 $ $
v/ " 0,3 % P $
.’// N = 4)" y \" 5
0.2 /! "ug\ I /0 Y \\\- ) :
’ b M. = 5/ e E 0
/1" \! = 4 by W =
J !/ ~y\, 0,2 / Il (" S 5 :
0.1 Fd, e ra g ) r X Iy E
I o | 1 ~ 10
/ i/ - '."\
ML 1 -15 ®
00 sy "
}?. ) Y -20
K2 s | ¢
0,1 . \ -25
20 21 22 23 24 25 26\27 -26 -24 /22 -20 -18 -16 -14 -12 -10 -8 1 2 3 4 S 6 7 8
x [mm] / X [mm] MPi [-]

Central Institute of Engineering,
Elektronics and Analytics | ZEA

Comparison of the velocity profiles (left) and  ZEA-1 &
mean velocities (right) in the measuring Points s T uln s
[PIV (blue) and CFX (green)] &5 JULICH

Forschungszentrum

Mitglied der Helmholtz-Gemeinschaft



BF1 MODERATOR

PRELIMINARY RESULTS OF PARTICLE IMAGE VELOCIMETRY MEASUREMENT (PIV), [2]
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BF1 MODERATOR

MAX “THEORETICAL” BEAM POWER (PRELIMINARY RESULTS), [2]

Interface temperature as a function of the proton beam power

TIF<MAX [K]

0,0 0,5 1,0 15 2,0 2,5 3,0 3,5 4,0 4,5 50 55 6,0 6,5

o MV ZEA-1

Central Institute of Engineering,
Elektronics and Analytics |ZEA

and Techno gylZEl\I
T h Igyf r Excellent Sci

IJ JULICH
Mitglied der Helmholtz-Gemeinschaft 23

Forschungszentrum

— — = TB(pmin)

T-IF-MAX(Pm)




OUTLOOK

e Max Proton beam power will be around =4MW (based on current requirements)
e For 5 MW local boiling can occur (possible cavitation needs to be analyzed)

e Prototyping will be completed in January

e PhD thesis will also be published in January 7EA-1

Central Institute of Engineering,
Elektronics and Analytics |ZEA

and Techno gylZEl\l
T h Igyf r Excellent Sci

l) JULICH

Forschungszentrum

Mitglied der Helmholtz-Gemeinschaft



SOURCES

[1] Zanini, L., et al. The neutron moderators for the European Spallation Source. Oxford : 22nd meeting of the
International Collaboration on Advanced Neutron Sources (ICANS XXIl), 2017

[2] Bessler, Yannick. Stromungsmechanische Simulation und experimentelle Validierung des kryogenen
Wasserstoff Moderators flr die Europaische SpalIatlonsneutronenquelle ESS

Unpublished PhD, RWTH Aachen.

[3] europeanspallationsource.se

i

l) JULICH

Mitglied der Helmholtz-Gemeinschaft Y. BelRler Forschungszentrum



