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‘EE Hadron Collider Concept - >

Quadrupole magnets
to keep the particles in the beam
=» Lattice Quadrupoles

protons curve
to the right

Special quadrupole magnets
To focus the beams in the

. Interaction Regions
protons E+BXR = IR Quadrupoles

rmagnetic field lines

BB rarticle bander (magnet)

[ Particle pusheNRF cavity)  With the right timing, protons antiprators
the electric field pushes i

the proton. //:\/"'Q.\\

Collision Point

protons

antiprotons

ML rarticle bender (magnet)

T Particle pusher (RF cavity)

In case of PP machine
=>» 2 rings of magnets

Focusing magnets

Courtesy of G. Ambrosio
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‘EE Why superconducting magnets?

» Iron dominated magnets limited by iron saturationat 2 T
»Permanent magnets practically limited in the range 1-2 T

» Copper (or Al) dominated magnets 50-100 T but for ms !

HERA
B=47T
BORE: 75 mm

TEVATRON
B=45T
Bore: 76 mm

RHIC
B=3.5T

Bore : 56 mm

S$SC
B=66T
Bore : 50-50 mm

Superconducting magnets are an enabling
technology for high energy hadron colliders

CERN AC - HE 109 RHIC 2001/09/20

Courtesy of L. Rossi
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‘EE State of the art

ALSTOM
A

FRAMATOME ANP

( ~>)BABCOCK NOE&I’I'.'Z

LHC dipoles: 8.3 T
double aperture
cold yoke

operating at 1.9 K
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ﬁ Superconducting magnets characteristics ﬁ%/—";/’

» Three parameters characterizing superconductor: Critical surface

- Critical current density

[246310.214 6. 8561 0. 2@BBH1002008008008008000000 (K) (A/ndB (T)
. . . J (A/mm?
- Critical magnetic field (Amm)

- Critical temperature P
"

operating point of the magnet beyond critical surface
= QUENCH

TLHe T

>

Accelerators: conductor temperature rise due to

beam induced heat load = QUENCH
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Accelerator operation

ils

4 I

HEAT
BEAM LOSS |:> DEPOSIT :> :> BEAM
IN THE COIL DUMP

o /

4 N

CYCLING
RECOVERY
1h — 48h FILLING
RAMPING COLLISIONS
(1-3 cells ~ 5h
SQUEEZING
>14 cells ~ 48 h) o
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Accelerator operation

-~

BEAM LOSS

o

DEPOSIT
IN THE COIL

HEAT

BLM
Beam
Loss

Monitor

BEAM
DUMP

N

~

-

COVE
-A48h
ells\e 5h

4 cells ~ 4

)

N\

/
CYCLING
FILLING
|:> RAMPING
SQUEEZING
~2h

COLLISIONS
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‘il? Motivation

e Energy deposits in the accelerator magnets

e Heat load calculations for LHC IR magnets show (N. Mokhov):

—  Current LHC: 10W/m

—  LHC upgrade: 50W/m

e  Thermal study objectives:

— Optimise Beam Loss Monitors threshold settings
(gain the time and money)

60 80 100

— Integrated luminosity
(increase discovery potential of LHC)

— Reduce of quench number
(reduce the number of thermodynamic shocks)

— Optimise magnet cooling scheme in future accelerator magnets

o LARP NbESn quadrupole design

— impregnated coil — no helium link between the bath and the cable
o New CERN N-Ti quadrupole design

— enhanced insulation scheme — open helium paths between the bath and the cable
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Heat load in the LHC magnets

Particles from proton-proton collision debris

Interaction of lost protons with collimators

¢ & ¢

Physics processes — BFPP (ion beam case)

& Accidental beam losses

* Transient losses ~ns to ~ms

* Enthalpy of the cable (metal only) (~ns)
* Heat transfer to helium volume inside the cable (~us)
* Enthalpy of the cable (metal + He) (~ms)

\\

Cloaning

A

Ly metal+He enthalpy

£

5 AH, D E—

~ -* slow losses

p— 'y

£

£ 4

< I

£ o

2 metal enthalpy | ~ Tl L

B AH, '

(})‘3 fast losses

T, g References:
perturbation time [s] D. Bocian, CERN AT-MTM note, EDMS 750204
D. Bocian et al., IEEE Trans. on Appl. Supercond.,18, (2008) 112 — 115;
) Steady-state losses P.P. Granieri, (D. Bocian), et al., IEEE Trans. on Appl. Supercond., 18, (2008) 1257

-1262;
D. Bocian et al., IEEE Trans. on Appl. Supercond.,19, (2009) 2446-2449;
R. Bruce, (D. Bocian), et al., Phys. Rev. ST Accel. Beams 12, (2009) 071002;

*Transfer of the heat from cable to the heat reservoir (~s)
*Magnet structure and geometry of cooling channels
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gﬁ Heat transport in superconducting )

magnet

A heat transfer in the main dipole

Beam pipe

First layer Second layer

2 Coil protection ghests
500 pm thick

7,

Shim outer layer
800 pm Lhick

Bhim retainer
600 pm thick

QUTER LAYER

fhim Inner layer
200 pm thick

< Heat transfer from the conductor to the cold
source defines the temperature margin

+ Electrical insulation is the largest thermal
barrier at 1.9 K against cooling

4 Ingulation sheeld
126 pm thick

INNER LAYER

Inpulation sheet
126 pm thick
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‘il? Thermal model construction -, >

Detailed
magnet
geometry
(Technical
drawings)

OTHER
(non-beam induced
heat sources)

\ . @
TEMPERATURE MAP
(MAGNET
QUENCH LIMIT)

Temperature

margin AT(B) /

Jc parametrization

HEAT FLOW

Heat load profile MODEL

Material properties
at cryogenic
temperature

MEASUREMENTS

Model validation
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(iﬁ Network Model - Model Construction
|~

| Quench heater GPI Collaring shoe
(0.21 mm) (4 x0.125 mm (0.7 mm)

Superconducting cables

=
7
% | N\
AR
|
: - Shim
Interlayer insulati |
(0.025 mm) (1.5 mm)

cold bore insulatio helium channel cold bore
(0.11 mm) (1.38 mm) (1.5 mm)

GROUND INSULATION
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Network Model - Model Construction

)

1 Courtesy G. Kirby
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‘EE Helium in the Network Model - =

. g large channel

flux/
chanel size
witc

s Superfluid
T<T, Helium

0 g narrow channel

o”—o Nucleate boiling

FIRST RUN
Heliug terpperaturel Ragaal ﬂuidl-—> chafrt;:dssize —o Convection matahing
T=1.9/4.5 K he":mn/litz:ase Helium witc algorithm

-

0”"—O0 Convection

flux/
chanel size
witch

T>T. e (;I::lslci%orl;s
eliu

-

The volumes occupied by helium in the magnet are considered as:
- the narrow channels,
- semi-closed volumes = inefficient inlet of fresh helium.
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-

Helium properties

Superfluid helium

The He Il thermal resistance is calculated as follow:

® AT * I K
Rien = ————— |
w-d-q [W
where heat flow in He Il is calculated according formulae

[CRYOGENIE et ses applications en supraconductivite,
[IF/IIR]

q:{w} W]

and X(T) is an experimental results fitting

X (T) = 520[1 _g BT )]2'5}

Fig. 6.2. Typical heat transfer relationship for pool boiling liquid.

alwsem?)

Normal fluid and gaseous helium
In case of channels inside of the cable and u-channels which are of the order
of 0.2 mm and 0.07 mm respectively, a typical nucleate boiling flux becomes
much lower than that for helium bath which is 10 000 W/m?2 [1]. The gaseous
phase in the narrow channels is described by a constant heat transfer
coefficient and is of the order of 70 W/m?/K as extrapolated from [2]. The
convective heat transfer in steady state mode is restricted to heat fluxes not
greater than a few mW/cm? [3] as it is only relevant for large volumes. In case
of helium inside the cable and in the y-channels this mode is negligible.

[1] S.W. Van Sciver, Helium Cryogenics.

[2] M. Nishi et all., Boiling helium heat transfer characteristics in narrow cooling
channel, IEEE TRANSACTIONS ON MAGNETICS, VOL. MAG-19, NO. 3,
MAY 1983.

[3] C. Schmidt, Review of steady state and transient heat transfer in pool

boiling helium I.
—r ) T Position of the Test Surface :
L 1.6 Middle in the Channel
! —_ A
Y
L
tilm y ol
— boifing ot
o4 - &
- L 4
= )
Thickness of the Cooling Channel’,/
nuciaqte K08 Z 1
oot b boiling g o © (Without Channel) .
& ]
& |
]
=
0.004F J J—
convection
sooling
0 10 20 30
001 0_L| : l]O T5&1::5:;\(:(-3—%.Ea (deg)
ATIKY

Fiz.2 Steady state boiling helium heat transfer
characteristics in narrow cooling channels
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Network Model - Cable modelling

Polyimide tapes 50% overlapped

Cable

Adhegive polyimide

Polyimide tapes

N

M,

N

Insulation + He He Insulation NbTi +Cu He
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Magnet thermal model

coil model
Cilng  Quench Interlayer HEwm  Cad  Gald %%

Collar shoe  GPT hegter Outer layer insulation Inner layer chanmel hare
it
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Which
software?
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ils

Kirchhoff stated as early as 1845 that:

“ Two different forms of energy behave
identically when the basic differential
equations which describe them have
the same form and the initial and boundary
conditions are identical”.
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‘il? Thermal - electrical analogy

The analogy of the equivalent thermal circuit

Thermal circuit Electrical Circuit
T [K] Temperature Vv [V] \oltage
Q [J] Heat Q [C] Charge
q [W] Heat transfer rate i [A] Current
K [W/Km] Thermal Conductivity o [1/Qm] Electrical Conductivity
RO [K/W] Thermal Resistance R [V/A] Resistance
ce [J/K] Thermal Capacitance C [C/V] Capacitance

The analogy between electrical and thermal circuit can be expressed as:

- steady-state condition Temperature rise < \oltage difference
AT =qR°® = AV =iR
- transient condition Heat diffusion < RC transmission line
ver =Rrece 91 o v/ = rc M
ot ot
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Quench limit calculation

MCBC MCBC MCBY MCBX MCBX MCBY  MCBC McBC

@6 [@5 |Q4 D2 . S o — D2 Q4| Q5 Q6

beam Il ATLAS —
beam \\. o
distance y IP3
194 mm f

|’ beam | \\\

icollision point

Betatron
7

| 23 m]

TI2 TI8

peak energy deposition on triplet inner coil

10 T T T
Power deposition for E,,,, = 7TeV and L=10"cm"s" R
mW/cm
10
1 - -
4
e
S
2
E i
M
*
0.1 %
s
0.1 i
1 1 | 1 | | | | | 0.01
8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8 w w w w w w
(em)  (em) 20 25 30 35 40 45 50 55

z (m)
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Quench limit calculation

MCBC MCBC MCBY MCBX MCBX MCBY MCBC MCBC
QG Q5 Q4 D2 D1 Q3 Q2 |a1 Q1 Q2 Q3 D1 D2 04 Q5 Q6
beam Il ATLAS e
beam \\ — | | L—"
distance - ‘—ﬂ_
194 mm e —“-—\__“\
e _F_b;aml ——
collision point
| 23 ]
¢ 200 m
_ # quench heat load
® temperature margin 4 nominal heat load # quench heat load
60 T - ~"~~° | I B T=-===-- T-==°=7 r=-——-- | 1 30 T : _____ -: _____ -: _____ T _____ Ir _____ : ______ : _____ -:
| | | | | | | 1 h..‘...*’..:....z..‘..ﬁ :
! ! ! i ! ! ! i o5 L@ T T] TN S S S LY @ 1 T 1 ®__
50 |- 0000000009800 0000000000, | ' : A : Y, :
' I DR I L%y I I LR S S : : A SN
| R4 1 1 1 . | | 20 f-ooon R A F I L N .
1 . 1 1 1 1 1 1 . I’. 1 1 1 1 1 ’ 1
40 +----- """"' """ A tommm- bommm- """" """ ! — * 1 1 1 1 1 1 L 4 1
— JCA | | | : ey | < ot ! ! ! ! ! ! !
X a0 L-* \& | | | | | | | R I e dmmes el e g
T """ I=====- == === 1T===== ===
o < ' ' - Epeam =7 TeV -
< 0 e =35TeV | po b
20 7o - e e et et I o S
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 AA  AAA A
1 1 1 1 1 1 1 1 05 +----- : —————— ! —‘1—‘A—A————l —————— “A—kl————'—————-'
A ] ] ] A [
10 ----- SRR R SRR IR, eooe- beoees booee- : AAaast ; ; ; P AAMAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | ' | ' X X | 0.0 t t t t t t } |
00 —AAMALAALAAAAAL AMAAMAAMAAMAAL 16 -12 -8 -4 0 4 8 12 16
-16 -12 -8 -4 0 4 8 12 16 coil turn

coil turn

Beam Energy Calculated Heat Load Quench Limit

(TeV) (mW/cm3) (mW/cm3)
35 0.35 24%*
7.0 3.5 9.1
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NM and COMSOL comparison =, >

-

MODEL COMSOL NETWORK MODEL
. V.V, Kashikhin
HELIUM s m 85 a2 0
Stainless Steel 2 =
Kapton
Kapton NM & COMSOL comparison
G10
Kapton 3 10
) 10 +——
0 <iew
= E
= 9
v B w — 8
e} 53 g v
© 4 — 8
° -
o ® 7
3 E 7
s £ et cable (4.5K) - NM
I 2 2 6
¥ e 5 mE 6 == cable (4.5 K) - COMSOL
Glo L% TIMO01R1 Ti2A1 5
N : ) 0 10 20 30 40 50
z B P [Wi/m]
(/) G,' A1 R
1) g
8 = TOIR01R1 TOWGERA1
2 E Raf R1.
Ne] ‘© 0
S & g
o
[¢b]
: g
I. o
©
'\ o
G10 E
HELIUM £ :
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#E Network Model - Validation

4 N\
EXPERIMENT heat 1
ca
Heat source MAGNET measur ed
- quench heaters J quench
\- inner heating apparatus/ curr ent
VALIDATION
4 I
HEAT :
heat w redicted
SOURCE eal |IMAGNET | P -
MODEL J quenc
MODEL current

More details for NbTi magnets:
D. Bocian, B. Dehning, A. Siemko, Modeling of Quench Limit for Steady State Heat Deposits in LHC Magnets,
|[EEE Transactions on Applied Superconductivity, vol. 18, Issue 2, June 2008 Page(s):112 — 115;

D. Bocian, B. Dehning, A. Siemko, Quench Limit Model and Measurements for Steady State Heat Deposits in LHC Magnets,
accepted for publication in IEEE Transactions on Applied Superconductivity, 2009
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Model validation - TQ magnet - . »

& | HELIUM
11. Yoke
10. Collar
9. Collaring shoe Stainless Steel
5b. Ground insulation: Kapton
5a. Ground insulation: Kapton
4b. Outer layer: S-2 glass + epoxy
4a. Quench heater: SS+Kapton

MP 10-12
RE -

MP 1012
LE +

cable

7b.Heater: Kapton shimm

12+

2. Interlayer: S-2 glass + epoxy

6b.Midplane insulation: Kapton
6a.Midplane insulation: Kapton
5b. Ground insulation: Kapton

cable
(0e]

)
[<3]
-
wn
(7]
(7]
D
=
©
+
wn
I
2
[353
[<5]
L
©
N~

3a. Quench heater: SS+Kapton
3b. Inner layer: S-2 glass + epoxy

HELIUM

MP 17-18 MP17-18
LE + RE -
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‘il? Model validation procedure - =

e Model parameters
— Measured coil insulation thickness
— Material properties at low temperatures
= (10 (S-2 glas + epoxy)
=  Polyimide (Kapton, Apical)
= Stainless steel - heater resistance - power dissipated
— Critical current parametrizations —> fit to short sample data

— ,,Translate” temperature increase in the coil to magnet quench current

o Measurement data

— Measurements performed at Fermilab in 2008 with TQCO02
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Model validation - TQ magnet

HELIUM
Data from measurements
11. Yoke
10. Collar
9. Collaring shoe Stainless Steel TQC02a parameters
5b. Ground insulation: Kapton
5a. Ground insulation: Kapton layer material MJR RRP
e 4b. Outer layer: S-2 glass + epoxy [mil]/[mm] [mil]/[mm]
S 4a. Quench heater: SS+Kapton
ﬁ 1 S-2+epoxy 3.9/0.099 3.75/0.095
o
5 2 S-2+epoxy 12.9/0.327 6.5/ 0.165
s A 3a Kapton 1.7/0.043 0
HHEEIE :
HEIEE S 3b S-2+epoxy 11.8/0.299 8.2/0.208
~IY|Y | X
5|5|5 4a Kapton 1.7/0.043 1.7/0.043
S|E|E
§ § § 4b S-2 +epoxy 10.7710.273 6.5/ 0.165
o é © 2. Interlayer: S-2 glass + epoxy Ea i 50127 50127
© [ > . s
- HEE
¢ EHIEHH 50 Kapton 5/0.127 5/0.127
S8 S| | o
¢ @ 6a Kapton 3/0.0762 3/0.0762
= —
g -(% 1 8 6b Kapton 2/0.0508 2/0.0508
& o
ki 7a Stainless steel e L
£ (9.5 mm width) (9.5 mm width)
<
= 7b Kapton 1/0.0254 1/0.0254
33 Quench heater: SS+Kapton 8 S-2+epoxy 3/0.0762 3/0.0762
3b. Inner layer: S-2 glass + epoxy
HELIUM 9 Stainless steel 31/0.7874 31/0.7874
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G10
 Material properties at low temperatures 8?2 Cyocomp1gook o ’
— Coil insulation (Polyimide, G10) 0.16 - S EE— P :
0.14 - - - Saclay1.55-2.5K ___i______________l ________
~>experimental data available Yo b s S
E il =
Material data implemented in Network Model = 8'(1)2 I
. €
Polyimide & G10 0.06 -mmmmm o M ;
0.04 +---- bbb e ik e L Lttt i
0.20 T G10-CRYOCOMP data o | 002 4o iAo A SRR |
018+ - Fommmmmmm----- i ' | | | |
0.16 - =——POLYIMIDE-CRYOCOMP data I ; 0.00 ; ; : :
014 ' ' 0 5 10 15 20
X012 | | TIK]
§ 0.10 g
= 0.08 : Polyimide
0.06 : 0.08 T Cryocomp 1-833K [ _E ______________ :T _____________ -E
0.04 r 0.07 S S ,
0'02 H :_ NIST 4-300K : :
0.00 : E E . 0.06 + = e = Saclay 1.4-2K ""i _________________________ _E
0 5 10 15 20 é 0.05 + ==« =[awrence 0.5-5K e 'E """"""""""""""
T[K] Eooa | -
= : .
. ';' 0.03 +--mmmmm G i t
Bibliography: ; |
1. B.Baudouy, ,Kapitza resistance and thermal conductivity of Kapton in superfluid 0.02 |-y i """"""" ?
helium’”, Cryogenics 43(2003), 667-672, 001 +-------- . . !
2. Lawrenceetal., , The thermal conductivity of Kapton HN between 0.5 and 5 K’, | | | |
Cryogenics 40 (2000), 203-207, 0.00 = = = =
3. B.Baudouy, J. Polinski, ,Thermal conductivity and Kapitza resistance of epoxy resin 0 5 10 15 20
fiberglass tape at superfiuid helium temperature”, Cryogenics 49(2009), 138-143 T [K]
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Model parameters - Critical current s
parametrization Rl ——

TQ09-10

o o S40R S\l 4 Critical current parametrization:

N 5000 fffffffff i L ¢ t
% 4000 \ MJR COII — Ic Calculated at 4.2K Bref—12T, Tref—4.2K
£ 3000 | \\ |

© T T T T e e e T
BN MIR:
\ Joref=1954 A/mm?2

Tc0=17.6 K

012345678 9101112131415 16 Bc20=266T
B[T] C0=31848 A/mm?2 T2

TQ16-17

B000 -y s RRP:
ﬁ 7000 ’,\ """" " RRP coil 7T @ extr. 940R SS V-1 4.2 Jeref=2404 A/mm?2
<t N SO S SO N S
= 6333 I\ o0 0 1 1 11 |—IcCalculated at 4.2K Tc0=17.2 K
5 S ——— BB
2 4000 N bbb Bc20=26.3 T
®© NG L
< 3000 | b NG bbb C0=40558 A/mm? T2
2
8 2000
= 1000 L.T. Summers, M.W. Guinan, J.R. Miller, P.A. Hahn,
0 7 A model for the prediction of Nb3Sn critical current
0123456 7 8 9 10111213141516 as a function of field, temperature, strain and radiation

B[T] damage, IEEE Trans. Magn., 27 (2): 2041-2044, 1991.
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‘EE Simulation results

TQCO02 model validation
10 g v L P o A . F ===MJR simulations (1.9K) - Network Model

I I R A A I T ® MJR measurements

~ What is wrong?

Iquench [KA]
(€]

————————————————————————————————————————————————————————————————————————————————————

- Network model?

- Material properties?

- Jc parametrization?

- Measurement data? | | | | | | | | | |
0 : : : : : : : : : : : : : |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Heat load [W/m]
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i

PARAMETERS CHECK

D

=

NM & COMSOL comparison

== MJR simulations (1.9K) - NM

10 _ 10 —ommmmcmnmed = = MJR simulations (1.9K) - NM
1 What is wrong? o I T O T T O
9 g - |
— 8 !
XY NO — 7 - |
=S <—— Network model? T ;
[ —o—cable (4.5K) - NM S 51 |
: +cable (4 K) COMSOL - - NOS 4 - |
: | ——cable (15K) - € , - Material properties? —¥ 5 - §
0 10 20 30 40 50 2 1 :
P [W/m] é CONTTTTT
0 5 10 15 20 25 30 35 40 45 50
Heat load [W/m]
= MJR simulations (1.9K) - NM
10 +emmeeeer e — - R et ({9 = Material properties as in
o T T U NO L _
O T U T T T e—— Je parametrization? published results
8 -———-:————l-———-|——— |-————|————-:- ———————————————————
N 20 SUS S SO . N D O S S N
S R S B P b - J, parameterization
S5 b N
I S (as in published data)
g, ]
DY SIS B IO S BN V. S SO J.(4.2,12T)=1960 A/mm2,
oo N O O O O e O I Bc20=28T,
0 5 10 15 20 25 30 35 40 45 50
Tc0=18K

Heat load [W/m]
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HEATER STRIP RESISTANCE

m;:’/

AlSI1304_Steel

5.5

3.0 -

2.5 1

IB3 — 2 wire

IB3 — direct

——inox parameters
® CERN

B X X X X » > > b 6 0 o

CERN

CERN

CERN

IB3 traveller c17

IB3 traveller c19

IB3 traveller c10

IB3 traveller c12

IB3 yoke&skinning 10-17
I1B3 yoke&skinning 12-10
IB3 yoke&skinning 17-19
IB3 yoke&skinning 19-12
IB1 heater checkout 10-12
IB1 heater checkout 17-19
IB1 heater checkout 12
IB1 heater checkout 19
IB1 heater checkout 10-12
IB1 heater checkout 17-19
IB1 heater checkout 12
IB1 heater checkout 19

2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ X 1B3 heater checkout 10-12

50 100 150 200 250 300 350 X IB3heater checkout 17-19
T [K] X 1B3 heater checkout 12
CERN measurements (scaled) X 1B3 heater checkout 19
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ils

SIMULATION RESULTS -

Measurements data?

Power values calculated for measurement data:
—> heating strip resistance used in calculations

not corrected properly (2 wires measurements)

(3.5 Qinstead ~2.1Q )
- dissipated power overestimated by ~1.4*[? I B T e e e Y A I S

AlSI1304 _Steel

® MJR measurement data (1.9K) - published
=——MUJR simulations (1.9K) - Network Model

® MJR measurements data (1.9K) - corrected
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‘EE Thermal model of LARP TQ magnets %,
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‘il? Thermal model of LARP TQ magnets @, = >

Iquench [KA]

12.0

10.0

8.0

o
o

B
o

2.0

0.0 :

TQCO02 model validation

B MJR measurements (4.2K)

= MJR simulations (4.5K) Cryocomp

0 5

10

15

20 25 30 35 40
Heat load [W/m]

45

Polyimide & G10

0.25 +  ==polyimide - Cryocomp

e===== 510 - Cryocomp

""""""""
| |

0.00
TIK]

Citical current
parametrization:
Bref=12T
Tref=4.2K

RRP:

Jeref=2404 A/mm?2
Tc0=17.2
Bc20=26.3
C0=40558

0 5 10 15 20 25 30 35 40
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ili Nb;Sn HQ magnets modeling &

e LARP Nb;Sn thermal modeling objective

— HQ coil insulation study = feedback to coil desig!
— size of the He channels in the HQ magnets
. around cold bore

. In the poles

— Magnets quench limit calculation
. MARS/FLUKA input needed Beam pipe also is a source of heat!

MARS simulations for L=2.5*10734 (N. Mokhov)

x10
mwW/m

100

e Heat load simulations with MARS ’

(3 mm segmented tungsten absorber 0
Details: V.V. Kashikhin et al., ,,Performance of Nb;Sn quadrupole |
magnet under localized thermal load”Fermilab-COnf-09-316-TD)2U

0fk--

— Heat load interpolation algorithm implement 2
(agree heat load map with conductor map) "

60

-80

-100
-100
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‘il? Nb;Sn HQ magnet modeling - results @, =

LARP Nb;Sn thermal modeling :

. ) . — Heat load (HL) = 2*MARS simulations
Temperature increase in HQ coll (L=5*10"34)

HO inner coil insulation impact
— size of the He channels in the HQ magnets
= around cold bore € set 1.29 mm

!

@ Nominal: cable,Kapton 1.7 mils,G10-5mils
* cable + 5 mils G10

® Only cable insulation

I R — e o . . . ] " in the poles < set d=5 mm every 10 cm
! ! ! ! : ! — HL in the beam pipe = HL inner cable layer
14 t-----mmmdmmmmmmmo - et EEEEEEEEES
: : | 00g : : :
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06 - P SRR 19%0g, " L I :
‘. o® | ....| .. 1 ° 1 1
o | ® | %, ° |
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MARS simulations for L=2.5*10734 (N. Mokhov)
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H. Felice — HQ ROXIE simulations

Temperature margin in HQ coil - outer layer

Temperature margin in HQ coil - inner layer

T T
| | | i | |
1 1 1 1 1 1
1 1 1 1 1 @
1 1 1 1 1 e !
| | | | ° ® "
1
i i i wo i
1 1 | 1 1
............... o ———-f---- X
A S R _ S
i i e® | i =
1 1 e 1 1 =
1 1 .._ 1 1
1 1 [ ) 1 1 1 -
1 1 “ 1 1 1 (7))
1 1 1 1 1 wn 1
oo S v R
" " “ 1 1 1 AOU
1 '@ 1 1 1 foe)
1 _“ 1 " " ..nw.
1
" ; 1 1 1 =
1 1 1 1 =
1 m 1 1 1 >
F-=-—=- t—— === H--=-=-=-- |-=-==== F--=- = T
1 1 ©
" “ " 1 1 e
1 1 1 1
I 1 1 1 (5]
. W =
" 1 “ 1 1 1 m
1 e 1 1 1 Fer} 1
———— N o | ————— —-——— o
1 1 “ 1 1 1 =
1 1 1 1 1 =
1 @ 1 1 1
1 1 .._ 1 1 -
1
" " 0y | | o
" " L %! " T
[ FINE |" ||||| .ﬁl ||||| "||||| [ ] 1
1
" 1 1 K J 1 .
1 1 1 1 o 1
1 1 1 1 ® PS "
1
L % e
1 1 1 1 1 1
1 1 1 1 1 1
“ “ “ “ “ “
Q < < < < Q <
o o © r~ © To) <
—
] v
| E e [ [ A I
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
i i i i i
1 K L o L _||||.||
A | L el®
| — | | | ° 1
1 — 1 1 @ 1
1 © 1 1 " .."
1
" — " 1 1 1
1 $ 1 1 1 "
1 1 1 1
- - - o P -y
r L " B
1 o 1 1 1 1
1 (o] 1 1 1 “ "
1
i @ i i i i
| s . ¥
—_ 1
" (@] 1 1 1 .".
- e |m————— Femm—mm o mm——
"| is] |" 1 1 m 1
1 IS 1 1 1 1
1 @ 1 1 " "
i 5 i i i i
1 m 1 1 " "
1 o 1 1
1 1
__ . N S S
1
" E " Cf
1 © 1 1 1 ._
1 — 1 1 1 ° "
1
" o " Lo !
1 I 1 1 1 .".
1 Py 1 1 L o |
rTT AT CTTTTr i e
1 1 1 1 1
1 1
i : i i i i
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
“ “ “ “ “ “
Q < 0. < o < e
o » oo} M~ © Lo <t
—

] 1v

20

10

-10

-20

-30

# cable

# cable

37

Mid-term meeting of the TIARA-PL group Dariusz Bocian

September 27, 2012



Nb;Sn HQ modeling - results

-

Temperature increase in HQ coil - inner layer Temperature increase in HQ coil - outer laye
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‘il? Summary

®  Reliable thermal models of superconducting magnets have been developed
®  Model was validated with measurements performed at CERN and FNAL
®  Model was cross checked with COMSOL

®m  Model calculated LHC magnets quench limits

Model is used to study new magnets design parameters impact on magnet thermal performance
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BACKUP SLIDES

Enhanced Insulation Study
with Network Model
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‘il? LHC enhanced insulation modeling

Cable sample — real scaling
. - . . . W
Here: length = 115 mm (transposition pitch) o = arcsm( j

a — insulation wrapping angle,
X 2 X 5 2 ;- 4 w — insulation width
1 L 3 2 % , A 3 5 (insulation tape width + gap width)
2 - SEE el 3 T 2 h — cable width
- k s 2 * Z X (here: 15.1 mm + 2*insulation thickness),

Enhanced insulation scheme parametrs used in:
D. Tommasini and D. Richter , A new cable insulation scheme improving heat transfer to superfluid helium in NbTi

superconducting accelerator magnets” in Proc. 11th European Particle Accelerator Conference, Genoa, 2008

Applied pressure 30 MPa on the wide side of the cables

Sample length = 1 m, strand diameter = 1.065 mm, cable width (bare)= 15.1 mm

1st layer 2nd layer 3rd layer
(polyimide) (polyimide) (polyimide with

adhesive coating)
9 mm wide, 1 mm gap 4 (2.5 mm wide, 1.5 mm gap) 9 mm wide, 1 mm gap
25.4 um thick 75 um thick, 55 um thick,

cross wrapped with the layers 1 and 3 50% overlap with the 1st layer
wrap angle o, =71.68 deg | wrap angle o, =62.16 deg wrap angle o, =71.90 deg
Dariusz Bocian 41
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2.0647mm1 3 1 3

Narrow
cable side

RIS

15.1 mm

1.7353 mm |

15.1 mm

9pIS 9[qe0 OpIM

X}
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Network Model construction
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iﬁ Network Model simulations
0

(He channels + insulation)

Measurements (p=30 MPa):
D. Tommasini and D. Richter , A new cable insulation scheme improving heat transfer to superfluid helium in NbTi
superconducting accelerator magnets” in Proc. 11th European Particle Accelerator Conference, Genoa, 2008
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‘iﬁ Network Model simulations
0

(He channels + insulation)

Measurements (p=30 MPa):
D. Tommasini and D. Richter , A new cable insulation scheme improving heat transfer to superfluid helium in NbTi
superconducting accelerator magnets” in Proc. 11th European Particle Accelerator Conference, Genoa, 2008
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‘iﬁ Network Model simulations m/“f "
¥ —

(He channels only)

Measurements (p=30 MPa):

D. Tommasini and D. Richter , A new cable insulation scheme improving heat transfer to superfluid helium in NbTi
superconducting accelerator magnets” in Proc. 11th European Particle Accelerator Conference, Genoa, 2008
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‘il? Summary

* Enhanced insulation studies completed

— Kapitza resistance Cu-Hell included

« Model validation performed

— One fitting parameter (channel geometry and cross-section)

— Agreement with measurements when He channel sizes reduce by 50%
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