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•   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.

A Cooperative Experimental Study 



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

•  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 I at 4.2 K and 1 atm

Courteys of F. Rondeaux (CEA)





Test Sample：
Structure as same as real superconducting magnet

Structure of dummy coil
Cross section of superconducting coil
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Method of Heat Transfer
Measurement

• Temperature rise due to Beam induced heating

– Identical configuration with superconducting cable,

but resistive cable

– Joule heating to simulate internal nuclear heating

– Temperature measurement to  know heat flux
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• Stack of five insulated conductors under mechanical constraint
• Conductor = CuNi Strands Ø 0.8 mm (w=11 mm x t=1.5 mm)

Experimental setup : Stack experiment

Mechanical structure design 
and manufacture by KEK 

Construction and installation work
 by Saclay 



Photograph of the double bath cryostat
at Saclay

He II double-bath Eperiment at Saclay
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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 II and solid conduction.
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 Temperature difference between in the cable and bath is
proportional to heat input.

 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.

Experimental Results
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Narrow channel in superconducting magnet

Cross section of superconducting coil

Photo of heater assembly



Transparent heater (Indium Oxide)

Photo of heater assembly

Narrow Two Dimensional Channel :
 透明ヒータ（酸化インジウム薄膜）とガラスによって形成

狭小流路中の沸騰現象の可視化

155µm

加熱方法：時間に対して方形状の電流を0.8 sec　印加

Spacer(5 x 5mm)

Electrode and leads

Heating area（25 x 25 mm）
Glass



Tｂ;  2.17 K～1.5 K
Pｂ; 0.1 MPa～Psaturate

Claudet type cryostatClaudet type cryostat;;

Vacuum pump
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気液界面やHe II－He I界面 など密度変化の大きい箇所が
明暗のある像となって現れる。

Shadowgraph Method

Test length L Screen

Density variation
Bright

Dark

Visualization method

He II中でのシャドウグラフ法

Collimating ray 

He II He I



He II 膜沸騰の撮影例

可視化窓の端

電極



He II 膜沸騰の撮影例

開放系：1.9 K 飽和He II

加熱部



Image processing

バックグラウンドノイズ除去
によるS/N比向上



可視化された狭小流路中のHeIIの沸騰



Strongly film boiling mode. Pb = 101.3 kPa
Tb = 1.9 K, q = 3 W = 0.48 W/cm2
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圧力に依存して変わる沸騰モード例を三つ

Strongly film boiling mode. Pb = 101.3 kPa
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 Weakly subcooled film boiling mode
Pb = 13.3 kPa

Tb = 1.9 K, q = 3 W = 0.48 W/cm2

ドライアウトしている部分

気液界面が規則正しく波打つ



 Weakly subcooled film boiling mode
Pb = 13.3 kPa
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ドライアウトしている部分に
液が侵入してくる　約10 Hz 

Under the Saturate Vapor Pressure Condition, Noisy film boiling
1.9 K, q = 3 W = 0.48 W/cm2



Under the Saturate Vapor Pressure Condition, Noisy film boiling
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Onset （1.9 K 101.3 ｋPa）

蒸気相の面積（黒い部分）の境界をトレース
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Onset （1.9 K Saturate）

蒸気相の面積（黒い部分）の境界をトレース
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膜沸騰の発生初期における圧力依存性

He II-He I界面と気液界面が
重なる点が変曲点になる

約 2 m/s

ヒータ中央から成長ある沸騰核から成長

0

5

10

15

20

25

0 0.05 0.1 0.15 0.2

101.3 kPa
40 kPa
20 kPa
9 kPa
5.2 kPa
2.7 kPa
saturate

E
ff

e
c
ti
v
e

 D
ia

m
e

te
rn

 (
m

m
) 

Time (s)


