2 0 0 6 FEERRINFHABRKRS

TA15-SCHReiRRE (CRI T D

J%ﬁ A

(-

NEEEHe P OFEEMIE(CEA T 2 E4Ei5T) B

AN IR AB
Bertrand BAUDOUY A
Jaroslaw POLINNSKI A
=l &8

HBIEERaTIFE 5 —MER
2007.06.08



A Cooperative Experiment
Heat Transfer Characteristics of

Electrical Insulation in He-llp
FA15-SCHritiz#RE (CREI DF,

Nobuhiro KIMURAA
Bertrand BAUDOUY?B, Jaroslaw POLINNSKIB

A Cryogenic Science Center/KEK
B CEA/Saclay

Carried out at Saclay, March, 2007



Reminder

» Heat transfer from the conductor
to the cold source define the

m temperature margin

» Electrical insulation is the largest
thermal barrier against cooling

dapnia

saclay

» Electrical insulation can be
— Non-existent
— Monolith

— For LHC magnet

Tconductor:/I ,9 Kor Toorbduc:torm4 K
[Burnod 1994]

* Previous works focused on the thermal paths (He Il)

— Creating paths between the conductors by wrapping different configurations
and minimizing the glue...

— No complete work on the solid material (holes, conductive insert or porosity)

3
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The classical insulation

Historical insulation : 2 wrappings
dapnla — First wrapping in polyimide with 50% overlap
- — Second wrapping in epoxy resin-impregnated

(H] fiberglass with gap

saclay

The LHC insulation work : 2 wrappings
— First wrapping in polyimide with 50% overlap
— Second wrapping in polyimide with polyimide
glue with gap

Current LHC Insulation : 3 wrappings [Meuris 1999]
— First 2 wrappings with no overlap

— Last wrapping with a gap spacing ofine seronoay

secondary wrapping

internal helium

primary wrapping



Heat transfer in classical insulation (2/2)

* Importance of conduction in the insulation

dapnia — For Large AT, He Il HT < Conduction HT
— o | [Kimura 1999] and [Baudouy 2001]
saclay al

e Moare o N
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* Importance small face porosity [Baudouy 1996]
- Artificial permeability with 6 holes of ¢ 200 ym




The ceramic insulation

* For the next generation of high field magnets, Nb,Sn is considered

dapnia
* Higher heat deposition than in current magnets is expected

(m — Beam losses : 10 mW/cm? (LHC) and 50 to 80 mW/cm? (LHC upgrade)
» Since 1997, development by J.M. Rey and F. Rondeaux

saclay

— Ceramic materials are investigated in replacement for the classical insulation
(Fiberglass + epoxy resin impregnated after heat treatment)

— One step process
+ Obtain a coil after heat treatment (Same than Nb,Sn) with no impregnation
+ Good wrapping and resistance to heat, reduce fabrication complexity and costs
— Increase the volume of He in the insulation and the thermal path
» Higher enthalpy reserve and overall thermal conductivity

* Innovative insulation for Nb,Sn magnet Courtesy of F. Rondeaux (CEA)
— Fiberglass tape + Ceramic precursor
— (80%SIiO, + argil) [Puissegur 2004]

BB KEK Workshop Feb. 150 2007



He Il Heat transfer in confined geometry

. . 1 H - "
dapnia Physical law in He |l modified by the geometry”~

— Properties modified?

CEd - AMp

saclay — HT regimes modified?
— Landau regime
— Superfluid turbulence (fully developed?)

g * Modeling sufficient?

— Coupling between solid and He |l
— Porous media model?




dapnia

saclay

Heat transfer considerations

Ceramic Classical (Polyimid)
+ Geometry Porous Channels (slits)
» Pore size, d ~100 um 10 um at Saclay (determined)

100 um at KEK (determined)

Porosity,e 451029 % ~1 % (ratio of A, /Aicta)

Conductivity, k =4 102 W/Km k =102 W/Km @ 2K

kapton

Kapitza conductance  h,=3200 W/m?K h,=4000 W/m?*K @ 1.5K
— Thickness < 10 um for a Kapitza resistance influence...

0,35 : - -
— What is the influence of the geometry g ,, [Puissegur 2004] -
on the total HT? S ozl T pat
. . . z — Pa2
— Helium + conduction = Insulation? = °2 et
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A Cooperative Experimental Study

« Heat transfer characteristics of a new type

electrical insulation system developed by
CEA/Saclay.

* Method of “stack model measurement” using with
CuNi dummy cable developed by KEK applied.

« Test carried out CEA/Saclay based on

collaboration program between KEK and
CEA/Saclay.



* An “innovative” electrical insulation system were prepared
at Saclay (glass fiber tape + ceramic)

Courteys of F. Rondeaux (CEA)

At three cooling schemes to be tested
— superfluid helium at 1 atm (tested at Saclay)
— supercritical helium (will be tested at KEK)
— pool boiling He | at 4.2 K and 1 atm



NED Program (1/3)

* Collaboration between CEA-Saclay, KEK, CERN and RAL
— Tests in He Il at CERN and Saclay
— Tests in SHe at KEK

» Construction of a Double bath Cryostat (WUT and CEA-Saclay)
» Construction of molds by KEK (N. Kimura)
* Construction of 1D HT drum

; -;i’ p/
. ‘ ';74 J."E

|
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|
al B A T

A A |
[Chorowski 2006]
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Test Sample:
Structure as same as real superconducting magnet

Cross section of superconducting coill

100 MPa

bolts
G-10 spacer

thermometer

G-10 spacer bottom clamp

top clamp
/ / bolts
[T Wﬂ2 Il 11 G-10 cap

iy
'MHHI“”'M””””'N-
|

dummy cable stack

Stycast leads

Structure of dummy caoill




Method of Heat Transfer
Measurement

 Temperature rise due to Beam induced heating

— ldentical configuration with superconducting cable,

but resistive cable

— Joule heating to simulate internal nuclear heating

— Temperature measurement to know heat flux



Heater circuit CuNi-cable

Electrical

and temperature sensors _ Insulation Tape

Temperature
Sensor

Cross-section of dummy coil
and temperature sensors




Experimental setup : Stack experiment

« Stack of five insulated conductors under mechanical constraint
« Conductor = CuNi Strands & 0.8 mm (w=11 mm x t=1.5 mm)

/ 3
f 3
f 3

-l L ;..u

Mechanical structure design Construction and installation work
and manufacture by KEK by Saclay



He Il double-bath Eperiment at Saclay

Instrumenllltion

port
— '\ command
Purhping He valve
Wpzzzz / g L
iz ~
vacuum 2
//' \tm Insert
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10 4/—/_/,/"’ bellows
supports
| [ |
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>Radiation shields
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| Heat exchanger
(1,8/4,2 K)
A7 b | __— Expansion valve :
4T V2
. : %_: _ T ; Support plate
cryogenic valve " B N )
R V1 NG PN -« Cryogenic vessel
\ L ~
R Radiation shields
. Brazing \@
Copperistainless steel \\ / i Photograph of the double bath cryostat
- at Saclay
mVacuum container



AT (mK)

Comparison of new type and classical insulation
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- New type insulation:
Temperature difference between cable and bath is proportional to heat
input. It seems that new type insulation has good performance compared
with classical insulation such as LHC.

- Classical insulation system:
Heat transfer of the classical insulation is obeyed complex of Gorter-Mellink
region of He Il and solid conduction.



Experimental Results

. Temperature difference between in the cable and bath is
proportional to heat input.

o It is clear that new insulation has sufficiently large conductance
compared with classical insulation such as LHC.

«Good performance were (considered to be) given by heat transfer
pass through the porous in the insulation tape.

« The stack model, tested at Saclay, will be transferred to KEK and
measured heat transfer performance under Super Critical Helium,
this Autumn.
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Narrow channel in superconducting magnet

Photo of heater assembly

Cross section of superconducting coill
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Narrow Two Dimensional Channel :
BEIHE—5 (81 VY DLER) EHSRICKD> TR

Transparent heater (Indium Oxide)

Electrode and leads \’
1
? 7 ! N
Photo of heater assembly / /
Heating area (25 x 25 mm) Rd b
Glass
Spacer(5 x 5mm) 155um
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Claudet type cryostat;

Vacuum pump 4—&_& EI
Vacuum pump

Tpi 217 K~15K Sillas
Pb; 0.1 MP3~Psaturate = —
He | vessel LN, vessel
I/
| —JT Valve
Test section v Heat exchanger
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High Speed Camera
1000 fps

Collimating lens

Shadowgraphi&




Visualization method

Shadowgraph Method
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Image processing

INVIDT SR IAXRE
[Z&AS/NE A L




o fR1L S N TR/ N ESC

DD HellD 3 AE




~

—_

(=1
T

- lHege
| Hell |
I

RSA47 5k / He \

lapor

10 15 20 25 30 35 40
Temperature T (K)

MM EERIADESE

Strongly film boiling mode. P, = 101.3 kPa
T,=19K, ¢ =3W=0.48 W/cm?
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T,=19K, ¢ =3W=0.48 W/cm?
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Weakly subcooled film boiling mode
P, =13.3 kPa

T,=19K, ¢ =3 W=0.48 W/cm?
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Weakly subcooled film boiling mode

P, =13.3 kPa
T,=1.9K, g =3W =0.48 W/cm?



KSAT7ORLTULNSERS
BTHOHIRALTLS #3910 Hz

Under the Saturate Vapor Pressure Condition, Noisy film boiling
19K, g=3W=0.48 W/cm?
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Onset (1.9 K 101.3 kPa)
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Onset (1.9 K Saturate)
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