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'.,I't: Overall layout of LHC and its detectors
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'-,I'I: The LHC accelerator in tunnel

p-p collision -> 1034 cm-—2.s'1, 14 TeV c.m., 0.5 GJ stored energy

24 km of superconducting magnets @1. K, 8.33T
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ilp Cryogenic system layout

* 5 cryogenic islands
« 8 refrigerators
— 2 at P4, 6 and 8,
— lat P2
— latP1.8

» 1 refrigerator serves 1 sector (18
KW @ 4.5 K, 600 kW precooler)

» possibility to couple two
refrigerators via the interconnection
box =» 2 refrigerators for 1 sector

QRL (distribution line)
:l QUI (interconnection box)
L
|
—
|

Refrigerator
Arc

Dispersion Suppressors

Long Staight Section
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'-’IE Historical milestones of the LHC

1980's 1990's 2000's 2010's

2020's
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112|314

5|6

Preliminary conceptual studies

First magnet models

e

Start structured R&D program

Approval by CERN Council

*

Industrialization of series production

DUP & start civil works

Adjudication of main procurement contracts

Series production

Start installation in tunnel

Cryomagnet installation in tunnel

Functional test of sectors

LHC inauguration

Operation for physics

L. Tavian, 13 Sept'07
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,',E Series production of LHC components
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Number of variants
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-'ll‘ 90 main industrial contracts in the world
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'-’I'l: Production and test rates

 The planned production or test rates were generally
reached and often overcome,
-> but always after a “learning” period.

« The main difficulty is to assess the duration of this
learning period and to have it agreed by all the
stakeholders.

* For the LHC cryogenics, this learning periods were
often too optimistic.
Examples: the cryomagnet cold test, the guench valve
production and the cryogenic distribution line (QRL)
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U Cryomagnet test station

12 benches, rate: ~15 magnets per week
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ilp Cryodipole cold tests
(JLF

Cryodipole overview
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0 4..—-:5
01-JarHo1 01-JarHo2 01-Jan03 01-JarHod 01-Jar05 01-Jar0e 01-Jaro7 01-Jar0s
= C0ld masses delivered — Cryadipoles asserntled
= Cryodipoles cold tests passed = Cryodipoles assigned to position inAng
— Cryndipoles prepared forinstallation = Cryodipoles installed
Updated 31 August 2007 Data provided by 0. Tommasini &4T-MCS, L. Bottura &T-MTM

Delays: mixing of sub-contractor insolvency and learning period for
efficient test bench operation (cog-wheeling).
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'-’I'l: Quench-valve dashboard

400

Quench valves

350 [

/
—
r-
Ty
L
Lo
N4

Units

01-Jar01 01-JarH02 01-Jar03 01-dar-i4 01-Jan-05 01-Jar06 01-Jark07 01-Jar0s
‘ — Cartractial == [elivered — st e
Updated 31 August 2007 Data provided by W, Fontanive AT-ACR

Delays: Finalization of the design
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ilp QRL Dashboard
1V

~ 10 months’ delay
———l

320 —Eightsectors Total fabricated by Air Liquide
300
280 -Seven-sectors Total installed by Air Liquide
260
240 _S:ix_s?c'ior_s_ —
220
» 200 Hvesedors
3 180
£ 160 Foursediors
-%5 140 Three sectors
chr 120 +=——===—=
100
g0 Lwosectors
60
40 LOnesector
20
0
01-Jan-01 01-Jan-02 01-Jan-03 01-Jan-04 01-Jan-05 01-Jan-06 01-Jan-07
Pipe elements delivered == Service modules delivered  ==Installed
=@-Interconnected == |nterconnected (Contract)
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'-,I'l: Example of construction problems

The LHC cryogenic distribution line (QRL) problem:
Elements equivalent to two sectors to be repaired and one
sector to be reinstalled (by CERN).

Composite material
(Neonite®) fabricated with
short fibers instead of long
ones - insufficient
resistance to impacts
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Fabrication of QRL modules

Example of achieved production rates

L. Tavian, 13 Sept'07
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Fixed
Pipe points/ Service Service Service Steps/
elements Special pipe modules modules modules Elbows
elements
Air Liquide- Tuboplan SIMIC FCM Air Liquide  Tuboplan
2C (FR) (PT) (IT) (SP) (FR) (PT)
Contract
{old target) 15 3 1.5 1 0.1 0.5
[element/week]
Contract
{new target) 25 6 2.5 1.7 1 1.5
[element/week]
Produced to-date 1714 447 168 106 39 66
fnumber of
elements and %] |  100% 100% 100% 100% 100% 94%
17




'-’IE How to deal with construction problems?

« For large and ambitious projects, everyone is convinced that, in view
of their complexity, some problems will definitely arise.

« But when a problem happen, everyone (except the ones who have to
deal with the problem) asks: How is it possible to make such a
mistake ?

e General rules to avoid construction issue:
— Do not specify something for which you have no solutions.

— Do not mix prototype, pre-series and series production. Be sure that
when the series production starts, all developments are completed.

— Put sufficient independent resources on quality control. (Mandatory for
large series). Do not trust the internal quality control of a manufacturer
even with 1ISO qualification.

. For LHC a contract for quality inspection has been placed with only 2
“itinerant” inspectors foreseen to follow cryo-equipments - 7 inspectors were
required to follow correctly the QRL quality inspection.

— Put sufficient effort to test the critical components, but the difficulty
remains in the risk assessment. (Always easier to do after the problem

detection).
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iln itti itting ?
H Splitting or not splitting “

« Splitting of contract for the procurement of equipment
IS generally a good decision:

— To secure the production: If one supplier has difficulties, part
or totality of the remaining production can be transferred to
the other suppliers.

— To get some competition within the suppliers (performance,
delays...)

— For political reason (Funding return in several places /
countries / continents)

e But:

— a known splitting before tendering could generate less
commercial competition, i.e. higher offer prizes. (In cryogenic
refrigeration only two suppliers are on the market)

— splitting generates more contract follow-up needs which are
generally not anticipated in the manpower plan.
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) Contingency for difficulties:
1L time or money?

Following difficulties identified on a contract:

e If time is available:

— ldeal case for the project as some pressure can be put on
the supplier to fulfill the contractual terms.
- Time is contingency

 If no time is available (supply already on the
critical path):
— In this case, extra resources (i.e. money) have to be
allocated by the project to solve the difficulties:

* Via a second contract in case of splitting of contract
 Internally in case of re-internalization of part of the supply
« Directly to the firm via “justified” claims.

- Money is contingency
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4%
5% °

5%
7%
39%
9%

31%

I Cost breakdown

@ Distribution

Bl Cryoplants

O Current feeding

[0 Storage & infrastructure
B Instrumentation & control
O R&D

B Magnet test infrastructure

~500 MCHF (including special

contributions)
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'.’IE Commissioning / operation strategy

From commissioning to operation staging:

- Starting from surface equipment (4.5 K cryoplants)

- Following by cavern equipment (interconnection box then 1.8 K refrigeration units)
- Finishing by tunnel equipment (QRL, machine)

MP Storage MP Storage MP Storage
R e e I-- ———————————— bl | e e ¢ X g
i 18K 1 i e K
i Refrigeration ! | i i Refrigeration !
i Unit i i 1 Unit | %
| wam [ijj wam [iil wam [iil wam [i =
i| Compressor !i| Compressor !j| Compressor |!i| Compressor |} n
i Station [IT Staitlon lli_station qi staton i
1 . 1 | H 1
3 I 1 I: 1
1 | 1 H i
; i Upper 1F i ]
: i : Cold Box i : Cold Box != i
E l; | ES—— E— I l
= ' : ! : i £
i i ] i ] <
: ¥ ' i ! !
i i ! i 1
i i Lower | i : -
! i!| ColdBox |; i i =
! Cold i  W— === - ! Cold i %
I Compressor|; : I/ Compressor |; O
; box iine) Interconnection Box : box i
__— ~interconnecfionboxy |} =@ | o T/ — -
J? Distribution Line :— —: Distribution Line -
c
Magnet Cryostats & DFB Magnet Cryostats & DFB 2
....... SR, S
L LHC Sector 7-8 (3.3 km) i LHC Sector 8-1 (3.3 km)
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'-’l'l: Commissioning of the first LHC sector

 The 1st LHC sector, sector 7-8, began to be cooled down for the
first time on Jan. 15th, 2007

o After about 2 months, the temperatures of all the magnets were
below 2 K, i.e. more than 10 tons (70’000 liters) of pressurized
superfluid helium distributed along 3 km have been produced
(about 20 times higher than Tore Supra).

e Nevertheless, to reach this successful milestone, several
problems were encountered:

— Unbalanced cool-down

— Unexpected long cool-down

— Problems with ex-LEP cryoplant

— Problems with 1.8 K refrigeration units
— Longer tuning of the tunnel cryogenics
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,-’IE Machine flushing Wk 2 Jan’O7

Before
After

Kapton bits

Metal strips\

. gL of Watel N
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2 First sector (S7-8) commissioning
o

Cool-downto 1.9 K Warm-up
300 1 > to 300 K
280 Return
260 - temperature
=l Magnet
220 1 temperature
e 200 -
2 . :
@ 180 4 Electrical quality
3 160 - assurance tests at Powering tests
E 140 - stable conditions ‘
=3
E . Cryogenic system tuning
I_ 1':”:' 7 . + >
s TR ﬁ
60 - WO I
404 Supply N \
20 4 temperature .A'___ AL NPT e |J L
0 . . : —oa =

15/01/07 30/01/07 14/02/07 01/03/07 16/05/07 31/03/07 15/04/07 30/04/07 15/05/07 30/05/07 14/06/07 29/06/07 14/07/07 29/07/07

Time (UTC
—4.5 K refrigerator supply temperature — Return temperature s

Thermal shields temp. (average over sector) — Magnet temperature (average over sector)
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| Cooldown of first sector

]

1o (4625 t over 3.3 km)
Unloading of LHe & LN2

600 kW precooling to 80 K with LN2: A ?

_up to ~5 t/h | i

- 1250 t of LN2 in total WS |

- 6 LN2 trailer per day during 10 days e ' | &

-
.“‘w“-‘
e
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'-’IE Cool-down generic flow scheme

— .
Header C C\V920 (Adjustable valve)
CF CC
(Cell farther from cryo-plant) (Cell closer to cryo-plant)
Ci
QV (on-off valve) QV (on-off valve)
Di Header D Do
>
C
CF CC Flow resistance
—> triangle
: Line D
Di Do

Two neighboring standard cells supplied by one valve
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"IE Unbalanced Cool-down (Measurement)

300

— 280 |
: N

X, . / N CF of TINC
S | CF of TNC &.7.\ 2.4 km away
2 240 [ 1.0 km away / (Q19RT)
© [ (Q23L.8) | \
o 220 | T\ AN
S 200} CC of TNC / \
& : 1.0 km away / \

180 /
© | b CC of TNC )
o : N——
< 160 | Cof TNC
S i 2.4 km away
= 140 (Q21R7)

1200 —_—

0 0.5 1 1.5 2 2 S 3 3.5 4
Cool-down time [day]

| -
@)
] R
= .
| -
D
o
:
q_):
| -

L. Tavian, 13 Sept’ 07 Cryogenlc experlence from CERN LHC 29




"IE Unbalanced Cool-down (Simulation)
300ﬁ — L]

280 \ \

— 260
< \|
o 240
=R A
© 220 | 7
= | ccClofthe TNC \
g 200 | 1.3km away
E ol \
180 L Supply T of \
160 | the two [TNCs \
140 T
0 1 2 3 4 5 6 7 8 9
S
S Time [days]
e >
©
| -
)
(=2
| -
e
) :.
- Do Di
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/s Unbalanced Cool-down (Analysis)

refrigerator \ bA8|aﬂ ced
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'-’IE How avoiding unbalanced cool-down ?

ﬁ ‘

Header C C\V920 (Adjustable valve)
QV (on-off valve) QV (on-off valve)
D Header D 0
>

N/ /

Periodic switch-over (every 12 hours) of QV valves:
The available cool-down flow goes in one cell, then in
the other with no increase of the total cool-down time.
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'-,IE Unexpected long sector cool-down
[K] [kW]

300.00 oo ~ 600
Measured average temperature sector 7-8

250.00 -8+ "N v _ — 500
3 —=o==Predicted average temperature

200.00 & - . i - - - Measured cooling power - 400
150.00 © + " ! 300
10000 ' . - 200
I- :’“ *.'l B BT
v : [
50.00 :1, ——————————— NNy - 100
1 . ] N
: [ : """"""" .
0.00 +— ‘ ‘ et Tt e mallLee JHBE
0 10 20 40 50

time [dasyos]
 Longer cool down time: 36 days instead of 15 days (without electrical QA plateaus)
— Learning and tuning of the process (unbalance, ...)

— Reduced available cooling power:
» LN2 logistic during nights and week-ends
« Limitation on turbo-expanders not working at nominal conditions
* Flow restriction in the cold part of the 4.5 K refrigerator
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'-’IE Simulation of 300-80 K cool-down

300
Measured average
N T of magnets
260 / | | |
Measured return
X' 500 T of sector ‘
g I Calculated return
T 180 T of syctor
L [
S 140 | a \
& f % N
100 (?;Jspepclz)t/oTr ~ | Calculated average L‘
[ T of magnets N e
60 7\ L P P P P L P P P P ]

0 2 4 6 8 10 12 14 16 18 20 22
Cold-down time [days]

Calculated and measured results of the 1st normal CD from 300 K to 80 K
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Temperature [K]
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60 |
50 |
40 |

30 |

Simul

ation of 80-4 K cool-down

—

N

W
\

NN |

R
N

\ 1}

RN | =N
Supply T of sector & | -
Calculated return T = Y
Measured return T l

Calculated average Tm
Measured average Tm

0 2 4 6

8 10 12 14 16 18 20 22
Cold-down time [days]

Calculated and measured results of the 1st normal CD from 80 K to 4.5 K
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e

Learning process:

IIL better agreement for 2" sector cool-down

« Effective cool-down started on Thursday 5 July 2007

Slow-down [K]
during week-end 300.00 ¢
(LN2 logistics) — Measured average temperature sector 7-8
250.00 4 NNC |
3 —e=Predicted average temperature
200.00 + - ******** — Measured average temperature sector 4-5 |-
150.00 £ N ELQA plateaus -
10080 -\ AT TN
50.00 -
Leak in the St
first R4 sub-sector 0.00 \
ld-m ircuit ' | | | | |
(CO d-mass circu ) 0 10 20 30 40 50

—> Stop of CD on
14 July 2007

L. Tavian, 13 Sept'07

time [days]

Cryogenic experience from CERN LHC 36



,-’IE Problem with Ex-LEP cryoplant

e sy T i >
f > ’ Sub-cooler recovered from LEP
.‘_L% : :
. | undersized:
. - too high tunnel supply
temperature

AIR LIQUIDE
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'-’IE Problem with Ex-LEP cryoplant

6.0 Too high temperature w/r to
55 AM JI m specification:
ol o
- TS M «— 2 Important gas fraction in
compressor driving system fina| expansion

4.5 < Switc
g &1
1) 4.0 A ‘Flash by isenthalpic expansion of He from 3 bar to 1.3 bar, saturatedl
§ _ Cooling stops due :[O 100
© 3.5 Copling stop due to relay default, then lgst of o | N - !/'/;
o cold compressor communication network ~+-Vapour mass fraction [%] / /
g 3.0 | driving system fault and'cooling water stop 80 -m—Vapour volume fraction [%] /
(] 70
= g

2.5 - \ ? . /

g s
2.0 - %, 10 We should be working h(V
1.5 T /2
Arc 78 magnets below 2K ] Sd/”d we're there!
1.0 \ \ \ \ 10 |
02/04/07  08/04/07  14/04/07  20/04/07  26/04/07 0 2,
06:00 06:00 06:00 06:00 06:00 ) * il emmerature (K >
— 4.5 K refrigerator supply temperature — 1.8 K refrigeration unit cooling temperature

— Magnet temperature (average over sector)
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P Problem with the driving system of

1L one cold compressor
A o

e |

% N i [FF 45 o ﬁ l-.':llf'n.:- ; i
) D i 1 -ll-ﬁn'l.-.'l'l - Ij ﬁ = ill rI'I: —

i | |

Hgl@ﬁ %Il{ E i e | ‘ i

U ! S B

ol iwad ) 1 L L L} L wEad M

WL B I T 1§ ' ] I

; — — :
v Ty S I JH

CC2 frequency-drive
stops on « overload »
after some time
above some load
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e
11"

230 V, UPS —WAV/=Xele]glife]Il=

Series: 2 1'000 h below 2 K
Loaded over 2’800 h

— .

L. Tavian, 13 Sept'07

Cold compressor cartridge

OK'!

PLC

400 V
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driver
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400-150 V

?7?
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Compatibility
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S5|v
| . 5
29 Active
M magnetic
O .
=3 bearings
O |+ '
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7
S | Outlet =
ol E
c|3
3|3
pellis
= |9 |
8 Pressure ratio
2 to 4

“ Cold Compressor “

priase irMnd 0
z U 010

O1(C Orid peecd

|
i
Inlet

— Fixed-vane

diffuser

Axial-centrifugal
Impeller (3D)
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Switch of refrigerators: Validation of redundancy

' ’ b Configuration before switch Configuration after switch
Odd point — P7 Even point — P8 Odd point — P18
MP Storage MP Storage MP Storage
{ ...... ; ._8_k__--i :. ............. _.; =._ _._._._._._._i{ ...... ——
i Refrigeration ! | i i Refrigeration !
i Onit i It l Onit | 3
U warm  [ij  warm  Jilf warm [if owarm i =
il Compressor |!j Compr_essor Ili| Compressor |!i| Compressor ! n
T™N_ Station 1T Statig il Station Gi|  Station :
I : | |1 I -1 :
- 1k I: |
1 . |1 o] .
: pper = i: 1
: i LCold Box i : Cold Box |: i
" | R —— E——— I: ]
| " 1 . A
| : i : 5
I : [ . <=
I ] i ! 7y
I : i
| . | .
i Lower M i ! -
i i ColdBox |! i : o
g Cold  Hiz== = : ] Cold >
1| Compressor ; : I Compressor ; O
| P b |nterconnection Box . ’ !
/' oR=——ille) ; box !
: Distribution Line B%pﬁss Distribution Line - @
c
| Magnet Cryostats & DFB | valves Magnet Cryostats & DFB =

e LHC Sector 8-1 (3.3km) -
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'-’IE Improvement after refrigerator switch

6.0 |

Tuning of 45K refrigerator
5.5 l L & 1.8 K refrigeration unit
—
NYTRR
5.0 Consolidation of cold
compressor driving system h d umu

4.5 < > Switch of 4.5 K refrigerator
Q & 1.8K I’efl’igel’ation Unit Cooling Stops due to PLC
Z 4.0 A ¢ AA' stop, electrical power cut
= _ Cooling stops due tE) Cooling stop due to \~
® 3.5 Cdoling stop due to relay default, then lost of URS system fault
L cold compressor communication network
£ 3.0 | driving system fault and'cooling water stop \J
()
|_
25 1 \ ?
\’-‘ /
2.0 - Download of
new logic for
1.5 4 — cold compressor
Lo Arc 78 magnets below 2K control Time (UTC)
02/04/07  08/04/07  14/04/07  20/04/07  26/04/07  02/05/07 08/05/07  14/05/07  20/05/07  26/05/07
06:00 06:00 06:00 06:00 06:00 06:00 06:00 06:00 06:00 06:00
— 4.5 K refrigerator supply temperature — 1.8 K refrigeration unit cooling temperature

— Magnet temperature (average over sector)
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'.,I't: Machine tuning: Current feed boxes

 No cold tests of these boxes before sector commissioning (skipped
for time and resource saving).

« Condensation problems at the top of chimneys (very humid
condition in tunnel).

 l|dentical problem for the 60 A leads distributed in the tunnel

| T1
TT893 \

~
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'-’IE DFB Commissioning — level validation

Good global behaviour
of level sensors DFBAO ¢
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Steady-state: current leads
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Current [A]
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Electrical feed box chimney level
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1 Time[h] 2

« Extensive calibration program for the liquid helium level gauges

 Once commissioned, successful operation at nominal conditions

L. Tavian, 13 Sept'07
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'-’IE Steady-state cold-mass temperature

slope

L
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Validation of cell cooling redundancy !!
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I 0.07023

-0.0567
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ilp JT valves: Flow caracteristics

"o

Installed Tolerance according
to IEC 60543-2-4
R~ 25 R=50 type "Linear"
i ol Recooldown after a quench (7 g/s) 110
5
£ 001
0.001 =48 Tolerance according
= to IEC 60543-2-4
i R=100 type "=%"
| _  Large sensitivity gain
New R~ 100
0.0001 T T T T T T ; ; T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
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ilp Avallablllty durlng arc powermg test
oy,

S
Z 80
3
L
'g 60 O Cryo-start
% . .
g 40 O Cryo-maintain
S
>
< 20 -
)
=

0 _

23 24 25 26 27
time [week]

CW23: Deactivation of Cryo-start during the night and instrumentation (heater) problem
CW24 & 25: Mainly ELQA and powering w/o quenches

CW26: Problem with electrical supply on the PLC of the 4.5 K refrigerator

CW27: down-time due to quench recovery
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325 1 Temporary warm-up stop Temporary warm-up

300 - due to excessive outgassing stop due to excessive
in QRL & Magnets vacuum outgassing in QRL
275 4 enclosure vacuum enclosure

250 4  Allinstallations

stopped after
226 1 planned electrical
200 tests (AUG)

—
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— 4.5 K refrigerator supply temperature

— Return Temperature
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— Magnet temperature (average over sector)
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e Content
JLF

e Overview of the LHC cryogenic system
o Construction experience
o Commissioning / Operation experience

 Preliminary results for measured static heat
loads.

e Conclusion
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'-’I'l: Typical LHC cross-section

Vacuum Vessel
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Cold Mass

Beam Screen

Beam Pipe
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Cryogenic Distribution Line Header F
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'-'"C LHC cooling flow-scheme

LHC Standard Cell (106.9 m)
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.'IP Heat inleaks on cold-mass circuits

» Pumping mass-flow [g/s]

IHU Measurement by global assessment
3 60 Good performance of sub-cooling HX
2’5 D e s T AR e PR | }Q/

© e e e e D e e ot e 41

¥ e o Average temperature at HX outlet [K]

S 2 - -+ 40

. — | OPressure at HX outlet [MPa]

E 1’5 B e 30 a -

v — Saturated helium pressure [kPa]

— 1 20

X,

05 coesssssssssssssssso | 10
0

0 20 40
time [h]

Total heat load 961 W including 401 W of additional electrical heating
- 560 W of heat inleaks at 1.9 K, i.e. 0.2 W/m (0.21 W/m calculated w/o
contingency for a standard cell by the Heat Load WG)
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'-’IE Vacuum & cold-mass sub-sectorization

Vacuum sectorization:

I Magnet vacuum barriers = Jumper vacuum barriers H Cryogenic line vacuum barriers

QRL vacuum jacket _ _ _ _ _ I

SRR R R}

Magnet vacuum vessel

Cold-mass sectorization: Bl Bad vacuum (Helium leaks)

| Bus-bar plugs x Safety relief valves x Cooldown and fill valves
%i%i%%%%i%%“% 414141441
il EEEE BEEE BEEE BEE il ENES INEl BN INE) shEn

20 % of the sector was not operating at nominal insulation vacuum creating
extra heat inleaks (factor 2 to 3 according to valve opening), i.e. nominal sub-
sectors have probably smaller heat inleaks than expected by the HLWG.

L. Tavian, 13 Sept'07 Cryogenic experience from CERN LHC 56



2
1o

Heat Inleaks on cold-mass circuits
| ocal measurement on sub-sectors

U =0.0332t + 1234.3

Q23_25R7 (5 Jul 07)

Measurement by variation of
internal energy during a
natural warm-up of a sub-
sector in superfluid state.

Applying a known power allows
to assess also the He content

R*=0.9998
2200
2000 V4
Q=51.3W
S 1800
% 1600
1400 Q=259 W
1200 \ ‘ T T
0 2500 5000 7500 10000 12500
Time (s)

Sub-sector Q [W] g [W/m] V [I/m]
Q27_29 R7Y 27.0 0.13 24.8
Q23 25 RY7 26.9 0.13 25.4
Q15 17 RY 27.9 0.13 24.3

Uncertainty: +/- 2 %

- He content: in accordance with the calculation and warm measurements
- Distributed heat inleaks: 33 % lower than expected by HLWG (but the shields were

colder in average by about 5 K)

L. Tavian, 13 Sept'07
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'-’l'l: Heat inleaks on thermal shield circuit

* Global measurement by enthalpy balance at
the cryoplant interface:

— 19.8 KW measured to be compared to the 23.5 kW
assessed by the HLWG.

— l.e. 6.6 W/m measured to be compared to 7.7 W/m
assessed by the HLWG (15 % lower than
expected)
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'-’IE QRL heat inleaks measurement

Measured done on a QRL sector (S8-1) without magnets

Heat inleak [W]

L. Tavian, 13 Sept'07
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.h, Distributed static heat in-leaks In a
[ ]
TP standard cell [W/m]
Temperature level | 50-75 K 4.6-20 K 1.9KLHe |4 KVLP GHe
C M C M C M C M
Magnet side 451 39| 0.14 ? 0.19 e N/A | N/A
QRL side 3.2 | 2.7 | 0.09 | 0.09 | 0.02 ' 0.11 | 0.10
Total 7.7 | 6.6 | 0.23 ? 0.21 |0.13*| 0.11 | 0.10

C: Calculated (HLWG)

M: Measured

*. with colder thermal shield temperature

Very good agreement between calculations and
measurements.
- But a lot of effort in component testing (thermal model,
pre-series, string tests...)
- And a global management in a Heat Load WG (2 years
of active work)

L. Tavian, 13 Sept'07
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ilp Conclusion
JLE

 LHC enters its last exciting commissioning phase.

 The construction phase confirms that contingency are
mandatory to deal with the learning process and problems. Do
not forget quality inspection and contingency.

* Cryogenic commissioning of the first LHC sector done:

 Heat inleaks are as expected thank to the preliminary work on
the thermal validation.
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