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The world’s largest class superconducting coil is used 
in the “Large-scale Helical Device” in NIFS. Its electrical 
insulation system, solid insulator/ liquid coolant insulation 
system, is exposed to considerably severe multiple stresses 
including cryogenic temperature, large mechanical stresses 
and strong magnetic fields. If a superconductor quenches, the 
liquid coolant vaporizes very easily and turns into high-
density gas at cryogenic temperature. In these bubbles, partial 
discharge (PD) easily occurs and would lead to the electrical 
breakdown of solid insulator. It is therefore very important to 
study the electrical insulation performance under these severe 
conditions in order to establish the reliability of the cryogenic 
devices. However, the breakdown mechanism of insulating 
material such as polyimide or insulating paper, etc., is not yet 
clarified in detail. In this study, it is investigated the 
breakdown characteristics of the paper-liquid nitrogen (LN2) 
composite insulating system with partial discharge. 

DC breakdown test was performed by applying the DC 
ramp voltage with increasing rate of 500 V/s. Impulse 
breakdown test was performed by applying the lighting 
impulse of one shot and the breakdown occurred at the wave 
front. DC prestress test was effective to investigate the 
influence of the charge behavior on the breakdown strength 
(Fb). DC prestress was applied for 300 seconds. Then, the 
lighting impulse voltage of one shot was applied and the 
breakdown occurred at the wave front. In order to investigate 
the influence of the charge injection on impulse Fb of KP, the 
polarity of both DC prestress field and impulse field was 
changed. 
     As the results, the breakdown strength (Fb) under DC 
and impulse voltage application increased with increasing the 
air resistance of KP as shown in Fig.1. This is because that 
the discharge causing the breakdown is became difficult to 
inject into the insulating paper with increase of air resistance 
of insulating paper. In addition, the positive Fb became larger 
than the negative Fb when air resistance of the insulating 
paper is small, and this polarity effect of Fb was reversed with 
increase of air resistance of insulating paper. In general, it is 
reported that positive streamers easily progress in LN2 and 
has the features such as high energy density and tip electric 
field. By these features of positive streamer, the positive Fb 
usually become smaller than the negative Fb at room 
temperature. Moreover, the negative discharge is developed 
along with the negative charge release while the negative 

charge need to be pulled out from the insulator in 
development of the positive discharge. From these 
consideration, we assumed that the negative discharge is 
easier to inject into the insulating paper as compared to the 
positive discharge. Consequently, in the insulating paper with 
small air resistance, it is considered that the negative Fb 
decreased due to effective thickness reduction with negative 
discharge injection into the insulating paper. Fig.2 shows DC 
prestress effect of insulating paper. From Fig.2, Fb of the 
insulating paper under homo condition was the same 
tendency as conventional DC prestress effect. On the other 
hand, the increase of Fb of the insulating paper with small air 
resistance under positive DC prestress with negative impulse 
voltage application is unique characteristics in spite of the 
hetero condition. This unique characteristics can be explained 
by the assumption of negative charge injection.  
 

Fig.1. Air resistance dependence of DC and  
impulse breakdown strength of insulating paper 

Fig.2. DC prestress effect of insulating paper  
with small and large air resistance 
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When the liquid helium has its temperature below 2.2K, it 
becomes a super fluid, and indicates the unique properties. 
For instance, there exits the mass flow without friction, 
anomalous heat transport by a mechanism known as 
thermal counter flow, and quantized vortex lines in the 
turbulent state. These characteristics have been investigated 
by temperature fluctuation measurement and the second 
sound attenuation technique. However, they are model 
dependent and do not give the dynamical information of the 
fluid flow. For this reason, we have been interested in 
applying the visualization technique to the super fluid 
helium in order to obtain the local velocity fluctuation, and 
study the statistical characteristics.  

Particle image velocimetry (PIV) is a potential tool to 
measure the local velocity and it promises us to give a deep 
understanding of complex super fluid motions. PIV is a 
standard technique in classical fluid researches. But its 
application to super fluid has just started, and there remains 
several problems. The most difficult one is the 
development of proper imaging particles that can be spread 
in homogeneous over the liquid and track the flow field. 
Liquid helium is a very low density fluid with small 
viscosity, and it exists in low temperature. These conditions 
prevent the conventional particle spreading techniques 
developed so far in classical fluid.  

 On the successful application of tracer particles, there 
have been two challenges of PIV measurement in super 
fluid turbulence. One is the use of commercial (d~1μm) 
polystyrene microspheres and the other is the condensation 
and dispersion of solid hydrogen particulates from the gas 
phase. In the present study, we tried the second approach.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1 Schematic view of our experimental apparatus.  

In the schematic view of dewar (see Fig.1), rectangular 
duct (cross section is A 1.69[cm2] , length is L 20[cm]) 
made of glass is set. The liquid He temperature is set at 
1.9K. The heater is located at the bottom, which generates 
the thermal counter flow. We measure the temperature 
inside the duct by small thermistors at two locations. From 
the temperature gradient, heat flux carried by the normal 
fluid is calculated, which is compared to the heater supplied 
power q[W/cm2].  

High speed camera ( s]1000[pixel1000 ) is used for 
visualizing the area 47[mm] 47[mm]  Continuous YAG 
laser is operated to generate the laser sheet whose thickness 
is about 1[mm] . Helium and hydrogen mixing chamber is 
designed (Fig.2) and tested. Changing the mixing ratio and 
the spouting pressure, hydrogen particles are made in the 
helium gas. Figure 3 shows the visualized hydrogen 
particles. Visualized are is 44 mm2 near the injection 
nozzle. Small particles are successfully generated but the 
particle density is not enough for PIV measurement. This 
year we analyzed each particle trajectories. And the 
Lagrange velocity and acceleration statistics are studied. In 
Fig.3 typical trajectory of particles are shown, they interact 
with quantum vortex.   

 

Figure 2 Helium hydrogen mixing tank 

 
 
 
 
 
 
 
 

Figure 3 Tracer particles trajectories. 
visualized area is 44 mm2
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