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Main features / Framework of the project

e High flux reactor FRM Il of TU Munchen, production of ultra cold neutrons
e Superthermal converter filled with deuterium and hydrogen in solid state
e under construction
e Cryogenic system to maintain converter temperature of 5K
e UCN converter with a heat load of ~500W in steady state
e Overall cooling system made of 3 separate cooling loops:

Helium
Storage
Supply 1

Helium
Storage
Supply 1

Two independent primary refrigeration circuits vecananonng || oo
(compressors, ORS, CB1 and CB2) with a refrigeration TX Tx
capacity of 500W each om om
One CB3 cold box to feed the converter with 120g/s of Ui Lt

supercritical Helium 3 S
e CB1 and CB2 may operate simultaneously to boost the l S

UCN Converter

cooling power to CB3 from 500W to 1000W

UCN Converter
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e New Building
starting from
a green field

e Ultilities

e Installation of the equipment and all the pipes

Pre-requisite

.=
Cooling Water: Max flow rate for AT, ., (15K) 15,2 m3/h

Power: Compressor 2 x 250 kW
Compressed air system

Fire alarm system

Ventilation plant (control of the temperatur)
Oxygen detection system
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Equipment test

Operational test, electrical test, PID check,
Leak test, conditioning

Lines tested

afety Valves tested

ontrol Valves teste

Sensors tested

re-commissioning

AR uaveoe

e —— -

[
g

=

e[

o .
T Dosamert rane [Ga02a TR 101 - ey vavs regort 601 =
ﬂAIR LIQUIDE [ Proget mumber [3a1000¢ wr
o sty | Profedrame O Garing )
= — =
[y = =
e iy 5 !
e e |
=
T or - — ey
AR LQUIDE [ = B
E anr = -
; of A e ——
] e [ AIR LIQUIDE
=
0 | e [ [ e[| R bt
- . Donnenrane
I A =~ S— = — o
r—— e
B o
o | p— —
e (B R [
Date: November 17, 2015 [Fov e [Tumnes vave | ves. = oo
= Thibault HERGAT [Fovess (o3 aset
Commisioning Engineer o |
Df( lFovenr
[ A—
[ -
Date: June 0, 2016 -
Py -
‘Commssioning Engint Diste: June 8, 2018 [Fovete |compumercute (1
B T A e
W [
Df?’g e

Date: June 8, 2010
by Thibsub HER

Commissioni &2

sl Novempar 17,2075

. Tt HERGAT
nge:

27

14.09.2018

Cryogenic System for the UCN source at the FRM 1l



FRM Il T a1 —
Lf-\\- Forschungs Neronenauells MLZ
Machine Commissioning
Bl CB2
Sub-system test

. . Helium Helium
Basic automatic sequences test Storage Storage
Process and control optimization Supply 1 Supply 1

e For Cold box 1 and Cold box 2:

e Compressor start

e Turbines installation and start
e Vacuum start

e Cool-down

e For Cold box 3:
e Helium pump start
e Cool-down

A

\ 4

A

\ 4

Compressor 1 Compressor 1
He Conditioning He Conditioning
System System
CB1 CB1
Refrigerator & Refrigerator &
Liquifier Liquifier

N A
Y ) 4
v

CB3

He Refrigerator Loop to
UCN Converter

14.09.2018 Cryogenic System for the UCN source at the FRM 1l



f\ FRM Il
Forschungs-Neutronenquelle
~ Heinz Maier-Leibnitz

e ————
Heinz Mai itz Zent

Machine Commissioning

Sub-system test

Basic automatic sequences test
Process and control optimization

e For Cold box 1 and Cold box 2:

e Compressor start

e Turbines installation and start
e \Vacuum group start

e Cool-down

e For Cold box 3:
e Helium pump start
e Cool-down

Helium Helium
Storage Storage
Supply 1 Supply 1
S h
\ 4 \ 4
Compressor 1 Compressor 1
He Conditioning He Conditioning
System System
CB1 CB1
Refrigerator & Refrigeratar &
Liquifier

CB3
He Refrigerator Loop to
UCN Converter

UCN Converter
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Commissioning / Operating

Tested automatic sequences:
e For Cold box 1 and Cold box 2: mon e s c v _

Compressor start and stop e
Compressor emergency stop : ¢ F—T
Vacuum group start, stop and line pumping H @] | ]
Turbines start and stop |
Cold box leak search
Cold box conditioning
Cold box depressurization Ly )
Cold box pressurization —tan B ]
Cold box drying

e Cold box helium analysis
e Cold box cool-down

e Cold box voluntary stop

e Cold box emergency stop
e Cold box warm-up

e For Coldbox 3:

e Vacuum group start and stop

e Cold box cool-down

e Cold box pressure management

e Converter connection management

e Cold box 1 and cold box 2 connection management
e Cold box warm-up

J
o
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Process Flow

Compressor
LP HP 299 K Vent LN,
A ¥145bar L storage
Exchanger EO1 I
T
Iss K
E02 | _
I > % Turbine 1 Supercharger 1 — Water Cooler 1
= &=
I I * w‘ /
E04 | Brayton Cycle
I T , —
E05 | t
IA Y 4 ]
H . Turbine 2 Supercharger 2 Water Cooler 2
E06
— | %T-Valve 1
=
EQ7 | Joule-Thomson Process
%D JT-Valve 2
¥ 45K /1,35bar
Fig. 7 — Schematic of LHe
refrigeration process flow CB3 ; @ ( UCN
Conv

DENIM 2018 — Design and Engineering of Neutron Instrument Meeting. 17th-19th September 2018 J. Schilcher 9]
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Process Cold box cool-down

CB1

Com pressoer

Seqd: 40
PT29%: 9.29 har
PT275: 2,26 bar

PT236 : 5.92 har

322
500
550
G600
650
750
300

Graph 320 :
Graph 500 :
Graph 550 :
Graph 600 :
Graph 650 :
Graph 750 :
Graph 900 :

Cold box

Cold Box Status :

Cold Box Module 400

—~
DE:] Bearing
§ valve
FU300 FV385 HV3184 From LN2
VENT Tank FV301
PT300 [T T T T T T T =
= ] |
FU399 4 Fuagh O m ! :
1 I
| |
o ‘ _______________ - D !
| ' B |
! E401 Fv3es . . LPLine .
| T [ Outlet Cold!
' 93. o Box b
! 277.03 Kk SIERRETL - FCV410 @ 1 @)l i I
FV362 FV360 I :I TT420 L !
: E402 my  EH309 v '
e .ss K ' I
! : ' ! | Analysis
i g —_— EV450 I Module 500 |
' : PT320 : m APTI50 | ~-— e oo
: g -
| | | E@l revise KET™N
| : [
i T "j Turbines T1 and T2
: — ‘ £ 1TT45 | |
FV383 : . .
! : e ] STT450 m | 15T350 257350 1PT302
! 404 C i Speed .53 ba
| i ine. ® [
i ‘ E405 :I \ ' S 1PT350 2PT350 |
| P I TT482 i
i E406 :I bo|| 1PT358 2PT358
E406 FCV490 i
D%{ FV379 ! | 0 .
T P3T0 ' ' H . i
O ! : ] 1TT354 2TT354
i ‘ E407 J | 293.20 K 292.80 K
. FCV465 e i
o - ¥ | BK® " pr3sy 2PT354 EGIE0S
! I r ]
4 TT460 l 1PT302 2PT302 4
! 2PT359 aTTa50 |
| v | 1PT355
! FCV4T0 FCV469 | Bearing
! . l 1TT355 2TT355
|
i

2 Turbines EnableDisable
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Simulation 1 “dummy converter” in the CB3

To be able to test and to commission

. Helium Helium
the CB3 without the converter, a e S
Supply 1 Supply 1

converter-simulation“ was included
into the design of the CB3

A

\ 4

A

\ 4

. . . Compre_s_sor 1 Compre_s_sor 1
o The CBS IS bU|Id W|th a by_paSS He CSondltlonmg He Conditioning
ystem System
and a heater
. . p
e The heat load IS simulated by the refigaator & retrgsior &
heater, regulating the temperature Liquifier Liquifer

A

y

e Bgifigerator Loop to
UCN Converter

UCN verter
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Simulation 2 “dummy converter” outside the CB3

To be able to test and to commission

“ Helium Helium
the Converter, a ,,dummy Converter Storage Storage
. Supply 1 Supply 1
was created to awoid a damage on
the original converter Y Y
. Compre_s_sor 1 Compre_s_sor 1
e The ,dummy-converter® is He Condiioning He Conditoning
designed to support more than
16bar pressure cB1 cB1
] ] Refr!ge_rgtor & Refr!gerqtor &
e The heat load is simulated by a Liquifier Liquitier
heater in side the ,dummy- ‘ I~ R
converter” —

He Refrigerator Loop to
UCN Converter

UCUN verter
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Recorded Performance CB1

Cold Box 2 Cold Box 1
Cold Box 3
g{D’ FCV4TO %{D’ FCV469 FCV469
3,35 bal’ Controler
PT801 PT302 PT303
!
m ‘ EEETEE . ) Coniroler = 50% EHBOS 1.4 bar
' Contraler = S0% FCYE05 ! !
TT8016 | TTeoeB i DT80 LT802
' 0 2 i i
From Converter : R N 25 b | sz | JERCEERAN  onorF B303 ON/OFF
PT305 t
TT801A TT802B TT8038
H TT8354 ; TT8358
5 . ok | TT5024 TT803A
i
FV806 : TT3158 . FCV#12 FCV813
E FCV805 o]
He supply : TT801 Controler 1.68 W
: TTH154
—————————— BE05 To cryostat
i FCVE0% FCVE08 m
H TT825A FCVE0T FCVE02
EH304
TT8048 TT807B
To Converter ”
- L@J
Fovgor (e e WMo .y m
TT804A ‘ 550.32 W ’ P804 S
e SS0W
PT804 PTEOT PT3T1
5.53e-003 mbar
Fva11 Convertor connection  Cold Box 3 Enable Graph 600: G603 P& P3o0 Vacuum start sequence
Graph 650: 651
To Atm. Parameters CB3 _ J Graph 780 : T80 —ng_ -
o FVa91 > Graph 550 : 561
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Recorded Performance CB1 & CB2

Cold Box 3 Cold Box 2 Cold Box 1
Parameters CB3 ‘

FCV469
3,2 bal’ Controler
PT801 l J pilid PT302 PTB03
N
m ‘ 3.21 bar b Controlet = 50% EHA05
| Cortroler = 30% FCYS05 ! - ;
: o T Lteez2 LT303
TT801B ! TT306B : DPT&09
: 2 B302 i B33 OH/OFF
From Converter 0 FCVB01 : m ON/OFF m

TTa01A

m TT802B TT803B
: m TT802A TT803A
| 102k | | sosk |

5 4 EHa0s
FV806 T—— FCV812 FCVB13
£ﬂ ! ) Fevaos o)
He supply i TT801 Controler 11.78 K

TT815A

;. EB805 To cryostat
| Y rcusos m m
: TT825A TT825B FCVB0r (Y FCVB02 ST FCuse3
X 118076
To Converter [ @ ] m
FCU304 LJO """"""" v m
P304 E TT807A
PT807 PT871
5.06e-003 mbar
FVa11 Convertor connection  Cold Box 3 Enable  STaph 600: o3 Cold Box 3 Warm-up P31 P530 Vacuum start sequence
Graph 650 : 657
To Atm. Graph 770: 775 ) Graph 730 : 730 —D&]— vl
Graph 001 %01 2 FVEM ¥ Graph 550: 561
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Recorded Performance

N°Chrono  : €2028 TR 104 (0)
N Aflare 3010904
N° Client UCNS GARCHING

‘EAIR LIQUIDE Page: 1/11

[1. COLD BOX 1 PERFORMANCE TEST |

Guaranteed Measured Test o o e e e ok e g e X 236
) ) . T.ES[' tﬂnd]_mns and Jun;[;;;ii%’l‘h& mmd was smg:}u;;i;:; heater EHS04 regulating l:lhe femperature

cold power cold power | duration s TS0 e . -

CB1 connected to 500 W S50 W ~12h TT804=55K+/-1K: yes : %8;%'§f€;ﬁi%%2‘§n%°t’;}mmﬂ£&fé?;;'Jf‘mm(3m
CBS {—l[:lﬂn} 1_9 ba]_' = mm = 33 b.a_‘r: }’E’S ;nﬁtrhzmé:ﬁcgﬁap‘:eg;;v?:r“(:agel) el box 1msmgs)f$celdmxssmﬁzggz?)mk
(B2 connected to 545 W TTB04=55K+-1K: yes 2 COLD BOT2 PEORMAREE T

2 5 SE o

Test

}m “i’ = The cold box 2 was fested connecting to the cold box 3 during the night between May 26® 2016
i E} | - - . and May 27% 2016. The heat load was simulated by the heater EHS04 regulating the temperature
{+29%D :I . ar == - . . }rﬂﬂ sensor TTS04A. The machine than 14 Bours in with:
- - : _ > EHS04 power: 545 W +/- 5 W, guaranteed value: 500 W
CB]_ aﬂ_.d_ CBT' 1 125 “ir ~ | I E{]4 =55 H +i- 1 [ﬂ j."'eﬁ > TT804A: 5.87K+-0.01 K, mandatory condition in contract: 5.5 K+- 1 K.
- l 1{]{] “i" 5{} [nm = f » PT804: 3.30 bara +- 0.05 bar, mandatory condition in contract: 2.0 bara < PT804 < 3.8 bar
1% |:' - e - In the following pages of the docament some print screens of the performance test are available:
COomfec 4] df = 25
e - - o - :l‘ performance data behavior (page 5), cold box 2 status (pageﬁ)audmldbox} status (page 7)

3. COLD BOX 1 AND COLD BOX 2 PERFORMANCE TEST |

The cold box 1 associated with the bold box 2 were tested connecting to the cold box 3 June 6
2016. The heat load was simulated by the heater EH804 regulating the temperature sensor TT8044-
The machines stayed 50 minutes in stabilized conditions with:

% EH804 power: 1125 W +/- 1 W, guaranteed value: 1100 W
% TT804A: 615K +- 001 K. mandatory condition in contract: 55 K+~ 1K
> PT804: 3.20 bara +- 0.05 bar, mandatory condition in contract: 2.9 bara < PT804 < 3.8 bar

In the following pages of the docament some print screens of the performance fest are available:
performance data behavior (page 8), cold box 1 status (page 9), cold box 2 status (page 10) and
cold box 3 status (page 11).

Date: Fune 9 2016
By: Thibault HERGAT
Commissioning Engineer
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Test for Reactortrip (Reactor schnell Abschaltung, RESA)

Test: Heat load falling instantly from 500 W to O W

The reactortrip was tested with succes

14.09.2018 Cryogenic System for the UCN source at the FRM I
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Experience and next step

Yes, we got the cooling power to reach 5K with a cold power of 500W and

with a cold power of 1100W

The system was succesfully tested using the ,dummy-converter”

Next steps:

Work on automatic warming up procedures

Work on a ,dummy*” converter, filled with deuterium and hydrogen in solid state
Work on divers operating models (simulating reactor-scenarios / behaviours)
Test of malfunction procedures

In parallel: authorisation procedures for implementation of the UCN source in the FRM I

14.09.2018 Cryogenic System for the UCN source at the FRM I 17]
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Thank for your attention
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