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Zoom on Cold Powering for Matching Section cooling architecture

One cooling circuit from 4.5K to 300 K
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Cryogenic safety

= All Cold powering systems are designed at 3.5 bara;
=  Staggered safety protection system to ensure release of helium at safe location similarly to the Triplets system;
= |In case of Power cut, the SC link will stay thermalized since the DFHM SV willl relieve first.

—— Normal operating pressure 4

3.5 bara el - o __DesignPressure ________________ I§_u_r_s_t_(_j|_s_g_8__P__J\_ 3.5 bara (-0/+10%)

3.2 bara JLBurst disc SP (-0/+10%)
3.0bara - svaccumulation pressure (10%)
2.8 bara ——
Line C
pressure ) - SV accumulation pressure (10%) —} 245 bara
2.3bara oo Hellum supercritical | Svsp(+/-0.15han_ A 2.3 bara__ A
1 2b High pressure instrumented protection for line D isolation on DFM
ara—f—--2-4--22 2oL 2 A 777 7, T 1.95 bara
xtended operating enveloppe for cool-down /warm-u
49K 4— 18barat— 70725 2 / ~= 1.77 bara*
Normal operating enveloppe - 1.62 bara*
Flowrate : 3-4.5 g/s
44K 4 1.22 bara |- —11.2 bara
| | —T+ 1.05bara
0 bara—— ! ob
DFMtemp  pEM pressure DFHM_press?Jz% WRL pressure

* Considering minimized pressure drop
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Cryogenic interface and functionality

The cryogenic distribution circuit to the Matching section -~
Cold Powering system (similar at Triplets) - DFM Jumper
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. . . l (15mbar4K) B connection
= E’n (60K, 19 bar) to E’nFH to feed the coil heater immersed in the e Gomior 2 (IP side)
liquid bath. Its functionality is to generate gaseous helium to the SC :
link, acts as a back-up of the immersed electrical heater (and vice- 1 S sy R
versa). Heat transfer mostly by film boiling. S = TSt B .
= CSline (4.6K to 5.3 K, 2.3 to 4 bar) feed the DFM in liquid helium OXLimit i R
. . . g O LlHe 18K 16mbar " Vacuum cryostat
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192 / | ©26.9%1.6 ‘ ‘ i c Bl M/
I ‘ L - POSITION
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All hydraulic diameters were confirmed in EDMS 2364324

Diameters standardised with Triplet Cold Powering system
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DFM concept

Two helium vessels communicating by gravity :

= One vessel where liquid helium is injecting and where the splices are
kept immersed. Electrical heaters are present at the bottom for emptying.

=  One vessel where the gaseous helium is generated via heating system

(coll or electrical heater)

Similar concept retained and successfully proven on Demo 2.

Static heat loads should be lower than 25 W.

APpye + APgpe <p-g-H

H3

LHe Inlet

Ha
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H2

Height table

Height name [Value [m]|Phase [-] |AP [mbar]
HO 1.5 0 17.51
H 1 0.27 0 3.17
H 2 10 2 5.07
H 3 0.39 0 4.60
H 4 0.15 0 1.76
H 5 0.1 1 0.22
H 6 0.33 1 0.71




Operating modes and helium flow requirement

Helium flow for the DFM system is governed by the SC link requirement (117 m at 1 W/m) leading to the same
required helium flow when the system is powered or not.

For the Cold Powering for the Triplets, the helium flow is determined by the current leads requirements.

After recommendations of the heat load review panel (refer to EDMS 2588891) , the helium installed local
capacity for Matching section Cold Powering to 6.5 g/s.

~\
* Circuit Purging ; Flushing
* Cool down from 300 K to 4.5 K ) ) )
Cool down| * Re cool down after unplanned stop Matching Section Cold powering
/ 12.0 Dynamic overcapacity
~N Dynamic
+ Standby no current during normal operation 10.0 * Static overcapacity
* Nominal full current (ultimate and nominal) | = # static uncertainty
OPIanntc_ed « Standby mode during Technical Stop W 80 m static
peration J 3 Installed local capacity
I driotepuibadugivls yhgudre PR
= 6.0
P t (with blocked outlet) B s
* Power cut (wi ocked outle 2
. . T 4.0 3.49/s
« Quench / electrical short circuit... T !
Unplanned| , e 2.6 gls s
Operation Degraded performance (SC link; current lead...) ) 20 —_— o
N\ 0.0
Current leads DFM SC link
* Warm up to 300 K
Warm up
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Controlled Cool-down / Warm-up

MgB2 conductor is sensitive to strain, and excessive stress would lead to degradation
of its critical current : Requirement of a controlled cooldown for the SC link.

Cva30

A serie of meetings were held to define the optimum solution according to WP6A N WAL
contraints : a heater installed in parallel of the nominal feeding line. Solution validated
by an approved ECR. (Refer to https://indico.cern.ch/category/13546/) v

new

The constraints are :
30K maximum DT on the SC link
Controlled cooldown down to 80 K
3 to 4 g/s cooldown /warm-up flow rate through the link

Current hydraulic design and safety aspects were also considered for the controlled
cool-down / warm-up design

(He feeding line)

Line CS @ 23.7 (rigid) / 25.5 (flexible) mm ID

|l|]|:> Hydraulic diameter are sufficient for DFM cool-down
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https://indico.cern.ch/category/13546/

DFM Instrumentation requirement

Instrument Number | Comment
A e Gl S——
oL y Y Thermometer 2+2S Temperature measurement on the MgB2-Nb-Ti
A 4 1 ] s splices. Short block - Cernox 3 points. No HV
1 3 3 | potential.
— 3 q ’ Thermometer 2 Temperature measurement for cool-down /
N R S warm-up — Long block — Cernox 3 points

> S5 #33.7x2
£3
£
2%

T=J =J
[EHENA EHBID Vatuum
00w = 00w Barrier
DFM (&) &)

Extract of PID Ihclsqrg0042-v0 — DPT removed

« On contrary of DFX, no Differential Pressure measurement due to the reduced height in the main helium
bath. This DPT was forecast to follow the liquid filling phase. Instead, temperature probes can be installed in
the vessel vacuum.
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Conclusions

The cooling circuit feeds in series the three different components of the Cold
Powering System from 4.5 K to 300K. Helium flow is defined by the SC link
requirement.

Cryogenic interfaces for are defined and hydraulic diameters are confirmed.

= DFM concept is based on two helium vessels communicating by gravity : this
concept was successfully proven on Demo 2.

= The controlled cooldown and warm-up requirement is considered in the
cryogenic design.

= DFM cryogenic instrumentation was reviewed. DPT to follow liquid filling on
the main helium bath is removed due to the reduced height to be measured.
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Spare slides
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Cooldown modelling performed with Ecosim

Modelled Temperature profile along the link during CD

— 5C_link. T[01]
— 5C_link. T[02]
— 5C_link.T[03]
— 5C_link. T[04]
— 5C_link.T[05]
— 5C_link. T[0&]
— 5C_link. T[07]
— 5C_link. T[0&]
— 5C_link. T[0g]

SC_link. T[10]

— DFHM.T
ER S DFM.T
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TIME
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R
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LUBRARY:CRYOLIB

FILE: Cooldown SC lirk DFM
CREATION DATE: 11/01/2022
M7m
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Dynamic simulation of controlled cool-down (Bonus)

Pinit: 1.3 bara

T init: 290 K

Tenv=300K

SC link Metal : Copper

DFM/DFHM metal : SS

Pressure controlled at DFHM by PC890 at 1.3 bar
Pressure controlled at DFM by PC839 at 1.7 bar
DT controlled at 30 K on the SC link

CD flow increased progressively from 1 to 4 g/s to
avoid overpressure at warm conditions

Mass of metal (kg) Hydraulic
parameters

DFM 215 NA

vV VV V V V V V V

SC Link 2250 Length: 117 m

(19 kg/m) Dh: 10 mm
Friction factor: 0.1
DFHM 500 NA
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Controlled Cool-down / Warm-up (Bonus)

Modelled velomty proflle in CS flexible durlng CD

(mjs)

— flexCs.vel[1]
= flexCs.vel[2]
= flexCs,vel[3]
— flexCs.vel[4]
— flexCS.vel[5]

300,000 400,000 500,000
TIME

0 100,000 200,000

500,000

Modelled heater duty and CD mass row aret profile in
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| o.002

F oot

00

Axis Y2

= EH930.g = exhaust.m

Impact on hydraulic design

« Velocity in flexible to be limited to 20 m/s to avoid failure due
to Flow Induced Vibrations. This threshold may be increased
if limited operation in time.(flow to be limited from 2.7 to 4 g/s
according to the temperature)

Impact on integration

Service module lenght is increased of 1 meter with the
addition of :

* Cool-down / Warm up heater : cartridge type — 5 kW.

« Acontrol valve

Advantages of the chosen solution :

» Possibility to benefit from the controlled CD of the magnets
due to the reduced Kv of new supply valve

« No impact during normal operation

« Heater impact (potential high temperature) is a known and
managed issue (e.g. 600 kW installed in the QUI) -
Installation of DO to command the heater, Thermal switch
installed at the outlet.
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Helium flow requirement and thermal design
DFHM

DFHM : Ultimate current

. . Powering Splice properties Heat loads Outcome spec
Gaseous helium feedlng DFHM opzcicuit 13000 & 25 n0eq 04 W Gsclink 0.8 Wim  Gradsleew 15 Wim2 TmazMg 17.2 K < 20K
. . SCLinkls 120 m Qradflex 3.2 Wim2 TmaxHT: 18.1 K < 30K

from SC ||nk avallable at 16 K Corectors 600 A 15 no 0 W QSCL sy 3w

Qcond Y 1w

Flow Negligeable (IFS, safety interface, convection)
1 . mbypass 1] gis
[
DFHM des'gned for Cp 5.2 JigK Upstream splice Downstream splice Temp. CL inlet Outlet mass flows
. Tdfm 45 K Tbs13 172 K Tasi3 173 K Tell3 175 K mecli3+ 085 gis 2
. .
DeS|gn 4.5 g/ S Tbs06 173 K Tas06 173K Telos 18.1 K mel0§ 005 gis 2

mcli3s 065 qgfs mbypas 0 afs Oty

=  Total Heat load < 30 W

mvessl 17 ? Twess2 171 K Qrad steeve
Tuess! 167 k. Qeonava s

= No condensation on external . B
surface and feedthrough \ !

|
o
LY}

SClLink
. . mSCLink 1.7 gis5; L
= Thermal shield not required TSCLink 154 K 24 I

DDR_DFH-funct-spec  16/06/2020




