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Previous experiments performed on Hell co-current two-phase flow at CEA-
Grenoble have shown the existence of a transition from stratified two-phase flow
to droplet mist flow at high vapour velocities. The realisation of a new
refrigerator/liquefier able to produce up to 20 g/s of single phase superfluid helium
at 1.8 K (instead of 7 g/s previously) was achieved. Benefit was taken of the
necessary junction between the existent test line and the refrigerator to introduce
some new instrumentation [1]. Results of preliminary experiments performed on
this new configuration are given. The response of liquid level and vapour density
on droplet flow is presented. First results on pressure drop obtained for a total
mass flow rate of 15 g/s are also presented. Finally, the use of various capacitive
level gauges glued at different azimutal positions along the inner pipe give access
to the perimeter wetted by a continuous thin liquid film.

INTRODUCTION

Large size superconductive magnets are generally made of NbTi or of Nb3Sn and require to be operated at
liquid helium temperature. Moreover, in the case of high magnetic fields, it may be necessary to decrease
the temperature below 2.2 K and thus to enter the field of superfluid helium (e.g. the future LHC at CERN
or the tokamak Tore Supra at CEA). To avoid the presence of vapour in contact with the magnets, He II
around the magnets will have to be subcooled (i.e. maintained with a pressure higher than its saturated
vapour pressure). This subcooling will be done through a heat exchanger separating the pressurized He 11
and the saturated He II (i.e. the cold source). The safe operation of the magnet depends on the
effectiveness of this heat exchanger. In the case of LHC, the system studied by CEA/SBT is made of a
heat exchanger pipe traversing right through the magnets[2]. The magnets will be immersed in a static
bath at 1 Bar of pressurized superfluid helium. The heat exchanger pipe is cooled by a He II two-phase
flow, the tube being almost entirely filled with liquid at a magnet string inlet and being dry at exit (heat
losses collected along the flow evaporating the liquid). Previous experiments consisted of a two phase co-
current stratified flow through a 40 mm inner diameter, 10 m long tube, with a descending slope ranging
between 0 and 1.4%. Studies highlighted an improvement of heat exchange at high vapour velocities,
while at the same time only a small fraction of liquid remains present in the tube. This excess of heat
exchange appears simultaneously with the presence of droplets within the vapour phase. One can think
that the spray generated above the level of the free surface will deposit on the wall and will strongly
increase heat exchange. After deposition, the drops can flow and contribute to a liquid film.

Due to the limitation in available mass flow (7 g/s), the range in vapour velocities was limited, in
particular for temperatures higher than 2 K, were velocity values higher than 8 m/s could not be achieved.
For the same reason, it was not possible to have both high vapour velocities and sufficient residual liquid
mass flow, preventing the investigation of the influence of liquid level on droplet flow.

In order to overcome these limitations, the use of a new refrigerator/liquefier able to produce up to
20 g/s of single phase superfluid helium at 1.8 K was scheduled. Other improvements in this new



configuration include the possibility to obtain steady state two-phase flow regimes from very low vapour
quality up to pure vapour. Preliminary results are presented hereafter.

EXPERIMENTAL FACILITY AND INSTRUMENTATION

The previous cryoloop experiment (figure 1) has been connected to a new refrigerator able to remove up
to 400 Watt at 1.8 K. From inlet to outlet, the test line mainly consists of series of thermometers, a heat
exchange box (from which the inner wetted perimeter of the tube is calculated), a first capacitive level
gauge device (see figure 2a), and two optical sectors.
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Figure 1. Scheme of the cryoloop instrumentation

A new instrumental sector including a second capacitive level gauge of different gaps and capacitive
flags was also introduced in the test line (figure 2b). Description and fabrication of the capacitive sensors
were given elsewhere[3]. The capacitive response of this sensor depends on the wet surface and on the
thickness of the liquid film covering the wet surface. Figure 2c shows this dependence for various gaps
between electrodes. Calculations were performed using the ANSYS code. In first approximation, once the
liquid thickness of the wet part is higher than the gap between the two electrodes, the measurement
directly indicates the wet area.
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Figure 2a Position of the
capacitive gauges of
100 wm gap inside the
first sector.

Figure 2b C5 is identical to
Cl1, C6 and C7 have a 30 um
gap and C8, C9, F1 and F2
have a 50 pum gap. F1 and F2
are placed in a separated
sector.

Figure 2c¢ Relative variation (in %) of the
capacitance with the thickness of a uniform
liquid helium film

The response of these sensors will be presented in percentage, 0 % corresponding to the dry situation
and 100 % to the situation where the sensor is wetted over its whole surface with a film thicker than the
gap between electrodes.



RESULTS AND ANALYSIS

All measurements presented here are acquired at the end of a 11 m long tube (40 mm I.D.) for a 0.6 %
slope. Heat losses along this straight tube are estimated to 10 Watt.
Heat transfer results
Typical accuracy of capacitive sensors can be appreciated from the comparison between C1 and C5
(figure 3); these two sensors being identical and located at the same altitude inside the pipe.

As already mentioned and explained[4], wall heat transfer is directly proportional to the inner wetted
perimeter of the tube. Heat transfer is improved at high vapour velocities (figure 4). However, this tends
to be reduced when heat flux increases, which can be explained by a dry out of the upper part of the pipe.
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Table 1 Summary of experimental results. m is the total mass flow (in 10 kg/s), W the inlet power
injected (in Watt), T the temperature (in Kelvin) and H the heat transfer measured in the heat exchange
box (measured for a heat flux of 40 Watt/m?) converted in wetted perimeter (in %).

line | m \ T H Cl C2 | C3 | C4 | C6 | CT | C8 | C9 | FI F2

1 7 140 | 1.75 | 573 | 60 | 3.6 3 03 1205|155 | 147 | 11.7 ] 6.8 | 5.1

2 9 140 | 1.75 643 | 79 | 5.1 | 48 | 0.6 | 246|189 | 17.7 | 143 | 86 | 74
3 13.4 | 140 | 1.80 | 66.5 | 92 10 | 56 | 09 | 28 |21.1 200|154 | 94 | 8.0
4 153 80 |1.84 | 37 | 100 | 114 ] 2.1 | 1.6 1 3 X X 24 1

5 153174 | 1.84 | 73 95 | 134 | 8 3 29 24 X X 1100 ] 82
6 1531200 | 1.84 | 71 90 | 116 | 78 | 34 | 32 24 X X 1102 ] 9.0
7 153 ] 280 | 1.84 | 71 45 | 53 5 32 [ 225 17 X X 105 ]10.5

Comparison between lines 1 to 3 of table 1 gives access to the influence of free surface level (given
by C1). For approximately the same vapour velocity, values of capacitive sensors increases as the liquid
level increases. Comparison between C6 and C8 (located at the same altitude), indicates that sensors are
covered by a layer of liquid thinner than 30 um (C6>C8 and C6<100 %). Comparison between F1 and C8
indicates that liquid is probably flowing down to the free surface, C8 being also partly covered with liquid
at its upper part.

Looking at the values of Fl1 and F2 for all the lines, one can have an estimate of the mist
stratification. Mist was always found stratified except for line 7, this latter corresponding to the maximum
velocity and the minimum free surface level obtained.

Pressure drop results
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Previous experiments were used to validate a model using the Andritsos Hanratty[5] correlation in
the range of 1 to 7 g/s and 1.8 to 2 K. We check here its validity for a wider range of mass flow and
vapour velocities (figure 5a). Furthermore, our new test station enables experiments with a larger void
fraction. It was found that for the largest void fraction (i.e. the largest power injected), discrepancies with
the model appear. Comparison with various models (figure 5b) suggests the use of a homogeneous model
in this last case, which is compatible with the low free surface level observed.

CONCLUSION

He II two-phase flow measurements were performed at a mass flow ranging from 7 to 15 g/s and a
temperature ranging from 1.8 to 2 K. Improvement of wall heat transfer at high vapour velocities was
confirmed, with a corresponding wetted inner tube value as high as 70 % for the highest velocities.
Droplet deposition on wall forms a thin liquid film. Film thickness depends on altitude and velocities.
Above the free surface, the mist of droplets is stratified, with almost no droplets at the top of the tube.
Furthermore liquid film is falling along the wall and tends to increase its thickness until it reaches the free
surface. For the highest velocities, the mist was found more homogeneous.

Pressure losses were found in good agreement with our previous code derived from the Andritsos
and Hanratty model[5] except for the highest vapour velocity corresponding to the largest void fraction. In
that case, the major fraction of liquid phase may flows as a spray and a homogeneous model would be
more convenient.
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