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INTERFACES identification and definition

A large variety of cold masses, beam-screens and sc-links IP
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- validate technical choices in order to finalise design
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Results: heat load to the 1.9 K beam tube (both runs)

Tungsten block temperature
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Quench tank

Surface piping

P1/P5 Cryogenic architecture

18 kW equivalent at 4.5 K, including 3 kW at 1.8 K

. SHE
Warm compressor station
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Cryo-distribution reference
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Process & Flow diagram for Crab Cavities

HL-LHC Crab Cavities - R5
E, (24 bar; 40 K) Ey
e F. (23 bar; 60 K) | | Fy
& B (15mbar;4K) | I [ ' B L
e < D (1.3bar20K) | | [ | D -
k=) C (4bard46K) | T |1 I C
sy X — : 1 g gem—
Circuit Requirements
- Thermal shield + intercepts 400 W (tbc) w
o v E w
1 F 9 ry
g Beam screen 10 W (thc) 8
QXL limit £ 4 2
A LHe bath @ 2 K 60 W (tbc) 3
( A \ Y A A
g . o i Values for one cryomodule £
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I+  Relief valve A A
x Valve | |
H AVAY, AN - .
Heat Exchanger A Thermal Shield i i Thermal shield i
""""" - Vacuum barfier Note 1: Beam 1 is clockwise; Beam 2 is counterclockwise w.r.t. LHC centre
............ Vacuum cryostat Note 2: "Cav 1" = first crossed cavity; "Cav 2" = second crossed cavity (Lb.c.)
= Flange connection
PRELIMINARY DRAFT PFD HL-LHC CC R5_v.2.2 - 14/Feb/2019 - EDMS # 2013776 - M.Spitoni
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\ue‘5 ~ 1 5 kW

M Temperature Cooling circuit
’ level

Specific heat

load [W/m]
(Static)
IT beam screen 16 (0)
40-60 K Thermal shield 6 (6)
Crab cavity -
20-366'K  Current lead & -
4.5-300K SC link
Cold-mass (1.9 K) 14 (0.35)
1.9-2K

Crab-cavity (2 K) -

*. Including uncertainty and design capacity factor

Remarks:
1- Crab cavities do not represent a large fraction
2- Large dynamic rage and pulsed heat loads

HL-LHC refrigeration capacity at Points 1 & 5
About 18 eq. @ 4.5K, including 3kW @ 1.8K

Capacity* / Point Dynamic
range

3.2 kW
3.6 kW 13 kW ~1.3
6 kKW
% ~2
20 g/s
2.6 KW
3 kW ~10
0.2 kW

Shield,
10%




Mass flows for nominal operation mode

Mass Flows for HL-LHC I Estimation based on
W HEADER Eh W HEADER Fh o e | - EDMS 1 61 0730
= HEADER B HEADER D 1 HL'LHC Baseline I I
B HEADER C ® HEADER WRL e o e e e e — - -
A "
70 —+ 0 I
7 1 85%@19K | _ .
N g N I | Reshuffling LHC equipment
:" : I ' (Matching Section Optimisation)
B 50 1 : i"------------------i
- 1 | mococcooocooooooo
~ | : 1l : Considered in the present : I
X 40 1 1— | analysis but no longer HL-LHC | i
o8 I I I ! :
v
[ 1] 15% @ 1.9K :|| e N :
a 20 14 T. : ]
= 1] I I
0 11 1]s I
i Wil B i
' B § |
0 : : : — I : [ | 1
- IT + DFX 1 D2 + DFM + CC : 1 SAM + DFBL I
HEADER Header Eh Header Fh HeaderB HeaderD HeaderC ! Warm Recovery Line
Operating temperature [K] 40 60 4 20 46 300
Operating pressure [bar] 24 23 0.016 1.3 3.6 1.3
IT + DFX [g/s] 27.3 27.3 55.6 0.4 61.1 52
D2 + DFM + CC [g/s] 8.9 8.9 97 3.0 14.3 1.7
SAM + DFBL [g/s] 14.8 14.8 34 12.6 19.1 3.0
Total mass flow (LSS.L5/ R5) [a/s] 51.0 51.0 68.7 16 94.5 8.9
Gran Total (LSS.L5 + R5) [g/s] 102 102 137.4 32 189 19.8
Proposed mass flow [g/s] 140 140 140 30 202 32

Italic values are calculated

@) 10/04/2019 Marco Spitoni HL-LHC / WPS




Introduction to heat loads per origin for triplets

Qualitative illustration (with not too bad orders of magnitude)

Important change in heat load for physics !!!
(well known for IT, but dominant user for HiLumi w.r.t LHC)

Magnet Beam Hﬁ/‘;ﬁads

25 Static 1
‘E 70 - Ramp effect 6
- ] Resistive 1
; 15 ] Beam 1
o ] Luminosity 20
% 10 -
1]
T 5 . Fluctuations (min/hours)

0 F— S— — in pumping Iinﬁ e_xpgcted,

2 & © & A however limite
o& qe‘?g a“? & & (max ~5mbar) to keep
& € & magnets at 1.9K

=> This will deserve specific strategy Independent pressure
control required for

(active control with heaters and feed-forward) crab cavities
(foreseen anyway)
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diameter as

Large “B” to
match
pressure drop

criteria

Constant outer

MLI Layers

QXL latest dimensions

boundary limit so far

MLI Layers

QXL LAYOUT-2nd-proposal-SERVICE GAVERN AND SERVICE TUNNEL
‘w e

_ ULI Layers
= 7 WLI Layers

=" Line B : DN250, 4%, 0.015bar
Line C : DMB5S, 4.6¥, dbar
Line D : DMi25, 20%, 1.3bar
o Line Ew : DN4D, 40K, 2dbar
Line Fu : DNSO, BOK, 23bar

Design Pressures:
defined (2016)

—
MLI Layers . -

Increased “D”
to provide cold
guench buffer

for triplets

CERN

WLT Layers

QXL LAYOUT-2nd proposal-LHC TUNNEL

EDMS#1573115:
- E,F: 25 Bar_abs
- B: 4 Bar_abs
- C,D: 20 Bar_abs

MLI Layers
-

-'-"‘\-._ /ILI Layers

: ONZ0D, 4K, O0.015bar __
ONGS, 4.6K, 4bar |
: ONZoo, 20K, 1.3bar
Line Ew : DN4D, 40K, 24bar
Line Fu : DNSO, BOK, Z3bar

Reduced “B” as not impacting "0 sy tyiat an ross | |
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anex | E 1 &

pressure drop
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Design principles

Service Module (SM) for crab cavities:

 Based on LHC QRL design

« Valves (6) positioning and spacing

* Inner pipes routing w.r.t. to valves and jumper

« Space reservation for domes (heat exchanger and flow check valve)

» Space reservation for instrumentation (some of them under He guard)

» Space reservation for compressed air control panel
Maintenance
#3800 [R571

Back Valve

Additional constraints:
Heat Exchanger

 Access for maintenance Pome
(even with platforms) He Guard Dorme

* ALARA principle for: e
» Total lonizing Dose
» 1 MeV ng, fluence
» Residual Dose Rate

Tunnel center (R571)

/mgn

\I’///

W

QXL Pipe Element

External Supports Ref LHCQXL 0009 /
HHI_-I!FEELﬁJH[?_J_ECTI



Proposed solutlons R5 (ref. LHCQXL__0011_v.AB)

‘ : (( SERVICE MODULE i JUNCTION MODULE GRIOB  GRLWA
3

| | E—

Solution 1: Crab Cavities
in the baseline position,
Service Module between
CCs and Q&

‘ Shift Crab Cavity 3009 lequals 1 pit) QRLFB QRLFD
i

Solution 2: Crab Cavity
B2 shifted, unique
Service Module between o
(Cs

external Service
Modules

A Y
Solufion 3: adjacent > % Ew
Crab Cavities , two f Y F

o

JUNCTION MODULE

EEl.Q“‘I ‘;@J} | | -

Solution 4: spaced Crab
Cavities, two in-between
Service Modules

Solution 5: spaced Crab
Cavities, unique Service
Module (optimized)

, .‘ . 4 6 l I l
’ CERN -
L-I!I%LPJH[}J_ECTl \
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Selected configuration

Solution 3. adjacent Crab Cavities |, fwo external Service Modules

6633

\ 6633 . 8
2541 |

14225 1600 1600
’ 00 JUNCTION MODULE |
S +0Op O o1 B '_.‘ G -
(C-B2 CC-B1 wl  an
152383 from IPS 3022.5 6114
i 4147

» Shifting from baseline position minimized (fulfilling the SM design principles)

» Distance between CC modules not depending from QXL

* No cryo-items behind waveguides Possible exchange
P1-P5 would be done
» Jumper extensions enabling CC module interchangeability with associated
extensions
» Space reserved for the D2-DSL link crossing the SM /

/
- Available space for platform (thc)[ S 2" =

* Impact on the QRL for Q4

e M)
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QXL Cryoline integration and radiation constraints

HL-LHC cryodistribution IP5 - TID & 1 MeV n,, fluence @ 4000 fb™
LEFT

13229.44 13239.44 1324944 13259.44 1326944 1327844 1326844 13200, 44

- Strategy defined for instrumentation, (OK up to 100 kGy)
- Cabling to electronic cards in sheltered areas (cryo racks) and
control architecture being defined (space reserved for cryo racks)

== | | | |
5 (SRIzE]

l .'|| |"'l""_-""".-"‘E T

RIGHT
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N A |
=

., e
Iﬂd jFil postonkng lo be Gorfim = R
T o O —cT— ——

pE

Paosition toleran:

ce: + 0.25 m
| LEGEND & Fixed point (Il Compensator FﬂJumpar [ 1Jumper with extension 771 Defined [ Ongoing B To be done v.0.x - 07 Feb 2019 - M.Sisti

: |L i , CERN
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Independent warm-up & cool-down

Additional equipment only required for warm-up

"By (24 bar- 40 K)

2 —_Fy (23bar; 60K) 1
' < B_(15mbar; 4K) T N~
8 — D e 41—  Flow can be stopped in all circuits,
Lo o re-cooling will be just as nominal case
| 1 (QXL cold and at nominal pressure)
HX ™\ N
i1 - \ LSS R5 -
la| > > o slope ?l
t\.”" s v - &
QXL limit £ 21 X = <
AYY KV AY
5 88 58
LEGEND ’I
& Eectrical Heater W
S Non-return valve
Cavil _semies) Cav2
3 LHe2K: 30 mbar CGVZ Sum3en  Cav 1 )
I+ Relief valve §
X Valve g r
- o OANNNNNNNNNN,
Heat Exchanger B Thermal Shield [y ; E B Thermal shield i
ST N bt PRV @ XCV CV% Note 1: Beam 1 is clockwise; Beam 2 is counterclockwise w.rt. LHC centre
s VaCUUM Cryostat From HRL »—{3&] 1 |Note 2: "Cav 1" = first crossed cavity. "Cav 2" » second crossed cavity (tb.c.)
= Flange connection
PRELIMINARY DRAFT [PFD HL-LHC CC R5_v.2.2 - 14/Feb/2019 - EDMS # 2013776 - M.Spitoni
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Preliminary study to define space

New hardware SM_CC_B1

CC_B2inlet
CC_B2 outlet

!4 'r‘ = ,,,
-

Interface to WR

Pressure reducer
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Finance Committee |
. Design for manufacturing
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Factory acceptance test |

l LHC Warm-up & Dismounting
l Installation
IP1

B s
l Commissioning
I IP1 (including cold test)

l IP5 (including cold test)
l As-built documentation
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x
w
o=
o
o
p==1
=
—
m
]
=

CERN

Today

Finance Committee

HmE o
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2023
Q2 @3 a4

Interfaces to be frozen by end 2020

Used now to discuss for LS3 (ready to install, P1 w.r.t P5)
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WP9-Cryogenics, PSM-20Dec'18, S. Claudet

[£1]
Ei-t] Ei-1Y

p-2 8
Studie & Reguirements

q- !
Factory Acceptance Tests ‘:'
/ Gf
H

[L]
o]
op |G [OF | o4 [ | oF |08 (04 |01 | aF | 0f [ ob (0 (aF | oF [ of o1 [GF | 0f |04 (o1 | or (o8 (o (a1 | o 0B | o8 | [ aF 08 (o8 (a1 [ Or | os | o8 [ a1 | ar | of | o8 al | e | as | ol
[ Taricaring
Erginaering & Fabrication
Iretallation FE1
I commbskning

Q4

Q4 [ Q1

1
i
i
i
]
1
1
i
i
i
i
1
1
Il
i
i
I
1
1
1]
i
I
]
1
i
i
[
i
1
1
i
Il
i
i
1
1
1
i

Site Acceptance Tests (IP1)
Site Acceptance Tests (IP5)

=E1y for Users (IP1)
q Ready for Users (IP5)
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Project plans Refrigeration-Distribution

WP9-Cryogenics, PSM-20Dec'18, S. Claudet
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INSTALLATION @ P5.

— To be operated
— for QXL tests at

s cold, and LSS
Today e e commissioning

OPERATIONAL TESTS @P5

.

| | | |
TS Committee - Green Kick-off Meeting Design Review First delivery
Light

Cooling capacity and interfaces to be frozen by end 2020

Possible to anticipate delivery in 2023 (surface only),
it would require to freeze heat loads at the end of 2019 (why not, risky?)
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Concluding remarks

= Crab Cavities have been considered since beginning of studies for
P1-P5, with common resources shared amongst users (capacity,
transients, interface)

= Integration consolidated for baseline, with preliminary envelope for
additional equipment in case “independent warm-up & cool-down”
would be desired

= 18 months ahead from “freezing” interfaces and capacity for
tendering main cryo-distribution and refrigerators for P1-P5

jon !
Thank you for your attentio

HiLumi ’ T _ | o
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Complements
(If needed)

HiLumi _ _ o
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WG2, Summary results

Thermal shield

(Eh - Fh)

DN 40 - DN 50
(AP reasons)

No changes for
the time being

On-going work on damping effects for C (close to a baseline)
and B (not much hope with “short” QXL w.r.t QRL 180m3)

Header B

Not yet started
Directly affects
QXL vacuum jacket

DN 300 @ caverns?
(damping reasons)

DN 200 @ LSS _
(encumbrance)

Header C

Study started
Maximum increase
- to be investigated

DN 100/125 ?
(damping reasons)

DN 65

1
1
1
1
1
1
—
1
1
1
1
1
(==
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
—_—
1
1
1
1
1
*
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Header D

DN 200 @ LSS_
(quench buffer)




Junction module QRL-QXL
Work on-going

HiLum ’ R | | L
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Possible modes and implications,

as identified so far for HiLumi
Decreasing requirements in cooling capacity

Hf = Ultimate Luminosity (HL) e e T
wirL = Nominal Luminosity (HL) reasonably possible

A, A = Nominal Luminosity (LHC)

o A Bonus (only 1st year)

S i :

s S 4. Powering conditions to 7TeV, (@aybe pilots or few

_§ = bunches) Desired (1 wk)

=9 = |njection stand-by (He preservgtion in magnets,

” T ELQA, maybe pilots or few burgghes at injection)
v v v* Magnets @20K Mandatory (few wks)

LHC

=> Junction Module and bridge between WRL's recommended
=> Corresponding cooling capacities and impact on size/cost/volume
to be further investigated

Hitum Y (@) | | .
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Cooling P1/P5 SAM’s

View from integration views DB

!

~~~~~~~
.

Access / safety / sectorisation ?
« Powering from existing RR & DFBL,
*NEW Jan’18 corresponding cooling of DFBL and
SAM'’s to be with same origin
(QRL or QXL but not mixed)
Q4 and Q5 possibly with remote

— HL Q4-Q5 could remain at 4.5K
LHC I (already the case for Q6),
Present limit
and moved towards the arc alignment, compatible with QRL ?

for QRL/QXL by 10-11m « 3D models to be implemented and
’—7 then integrated (Q2-2018 for CRG
.HL-I!I-% PHGJECTI C\ﬁw I g (Q )

=7/ WP9-Cryogenics, CC_Review-21Jun'19, K. Brodzinski & S. Claudet




) (m 1st Evaluation of Heat Loads (i | B | i)

S ( REFERENCE : -

—/

e e e e e e e e e ™~

|
: Table 3. Heat load table for maycr components on the magnet side of HL-LHC LSS.R5. I
1 |
| Component Q1 Q2A Q2B Q3 CP D1 Intercon. | DFX DFM p2 | CC 1 Q4 Qs Q6
I Length [m] 10.140 9785 9.785 10.140 6.0l16 7370 5.800 12435  4.000 13.025 | 4module 1 9.062 8.010 6.610
: (thermal shield) (10.640) (5 units *) :(2.935) (14.025) : units | ! (10.062) (9.010) (7.610)
| Cold Mass : I i
! Temperature [K] 1.9 1.9 1.9 1.9 1.9 1.9 1.9 I 4.5 4.5 1.9 : 2 : 1.9 1.9 1.9
@ Total Heat Load [W] 185.9 147.6 186.7 1954 90.2 1204 65.5 1 1.7 tbd 55.0 I 123.8 I 14.4 11.3 4.0
QQ Avg. Heat Load [W/m] 18.34 15.08 1908 19.27 15.00 16.33 6.13 | 0.72 thd 422 1 30.94 W pu 1 1.59 1.42 0.60
’\0 Static [W/m] 0.82 0.83 0.83 0.82 0.87 0.83 0.13 : 0.72 thd 0.28 I 12.5 W pu I o029 0.32 0.36
I - Resistive [W/m] tbd tbd tbd tbd thd thd thd I thd thd tbd : - I tha tbd thd
1 S Beam Induced [W/m] 016 0.05 0.06 0.11 thd 017 thd I thd - 0.10 I 0.5 Wpu i 0.19 0.23 0.24
: Collision Induced [W/m] 17.36 1421 1819 1834 1413 1533 6 W pu I thd thd 3.84 I 0.34 W pu : 1.10 0.87 thd
I RF Induced [W/m] - - - - - - - 1 - - - | 17.6Wpu 1 - - -
: Beam Screen : : :
1 Temperature [K] 40-60 40-60 40-60  40-60  40-60  40-60 40-60 | tbd - 4.5-20 - i 4.5-20 4.5-20 4.5-20
] Total Heat Load [W] 271.1 1189 1582 1612 1074 1179 110.0 I 13 - 16.7 1| - 1 217 14.3 3.0
@ Avg. Heat Load [W/m] 26.74 1215 16.17 1590 17.85 1600 22Wpu 1 0.55 - 128 1 - 1 240 1.79 0.45
rL(‘)Q Static [W/m] 014 014 014 014 023 019 . 1055 - 000 y - : 015 017 021
'\ I £ Resistive [W/m] tbd tbd tbd tbd thd thd thd | tbd - tbd - I thd tbd thd
1 A Beam Induced [W/m] 1.25 0.25 0.39 0.67 thd 1.29 thd | tbd - 1.08 | - i 2.08 1.60 0.24
| Collision Induced [W/m] 25.35 1175 1564 1509 17.62 1452 22Wpu | tbd - 0.20 1| - 1 07 0.02 thd
| |
: Thermal Shield : I :
| Temperature [K] 40-60 40-60 40-60 40-60  40-60 40-60 40-60 140-60 40-60 40-60 | 80 I 40-60 40-60 40-60
1 Total Heat Load [W] 56.6 53.2 53.2 54.3 33.8 38.2 18.6 1241 tbd 681 1 15280 1 481 44.7 40.2
| Avg. Heat Load [W/m] 5.32 5.44 5.44 5.36 5.63 5.18 3.21 : 8.21 thd 4.85 ! 382Wpu 1 478 4.96 5.28
| I i
1 £ Static [W/m] 5.32 5.44 5.44 5.36 5.63 5.18 321 | 821 thd 4.85 i 252 Wpu i 4.78 4.96 5.28
I ~ RFInduced [W/m] - - - - - - - I - - - 1 130 Wpu | - - -
. Maturity level of the source data: estimated = tafic, caleulated = normal; measured = underlined.
tbd = to be defined; *“-* =not applicable; W pu = Watts per unit. ..
* Length of each interconnection unitis 1 m, except between Q3-CP which is 1.8 m. H eat |OadS tO be rEVISIted as we ” fOI’ CC
T A module unit contains 2 crab cavities. .
(1.9K, thermal shield, Beam-Screen)
e A
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