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Magnetic compensation
with oxygen

The CEA Grenoble, through the ESEME/SBT team, has
developed a new ground based facility providing magnetic
compensation of gravity in oxygen. A 2T superconducting
magnetic coil has been used to create the magnetic field. The
installation is described. Well adapted to the heat and mass
transfer studies, for example of the various boiling regimes, it
permits to enhance the understanding of these phenomena in
reduced gravity and gives a convenient way to reproduce space
conditions on the ground. The first experimental results are
presented.
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of gravity: experiments

1. Introduction

Reigniting cryogenic engines in space is a chaletimt the
SNECMA Company, builder of the Ariane V rocket emi
tries to solve. Phenomena occurring in micrograaity still to

be understood, such as cryogenic engine coolingréef
ignition, fuel behaviour in tanks, etc. A new fagilOLGA
(Oxygen Low Gravity Apparatus) has been developéd a
CEA/Grenoble. OLGA provides the magnetic compensatif
gravity in liquid oxygen in a few cubic centimetwlume.
OLGA followed the concept of the previous gravitagnetic
compensation in liquid hydrogen [1, 2].

Scope of the study

OLGA is dedicated to the fundamental and appliexsbaech,
such as studying phase changes, boiling, boilimgiscor fluid

behaviour near the critical point. It is also inxad into
research and development of space engines, ircplartiinto
the study of heat and mass transfer in cryogengines, such
as fuel behaviour in cryogenic tanks or engine @oéog

before reignition in space.

There are several ways of obtaining the reducedityréfree

fall tower, zero-G plane, sounding rockets, Intéoreal Space
Station), with penalizing drawbacks (time of micragty or

cost). Magnetic compensation using superconductiaterials
can theoretically give an infinite time for expeents.

Principle of magnetic compensation

In the influence area of a magnetic field, paranetign(e.g.
oxygen) and diamagnetic (e.g. hydrogen) materiate a
subjected to a volume force:
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where y is the magnetic susceptibility of the considered
material,y, is the vacuum magnetic permeability and B is the
applied magnetic field. In order to compensate ityain
oxygen, the value of gradfBneeds to be 8.157m at 90K.

This force, is proportional to density just likeettveight [1, 2],
thus the compensation of gravity occurs indepengeaitthe
state of matter (liquid gas or solid).
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Fig. 1: General view of OLGA. (a) photo (b) schematic.

The advantages of such a technology are: micrograivne

potentially infinite, adjustable gravity level andse of
dangerous substances (oxygen, hydrogen).

The main drawback stays in the fact that the rediduavity
field is not perfectly homogeneous.

2. Presentation of the facility

OLGA is a cryogenic facility (Fig 1). The cryostaintains two
coaxial cylindrical coils made of Nb-Ti superconthrcalloy

(Fig 2), cooled with liquid helium at 4.2K. Theiright is

555mm. The inner and outer diameters are 336mm

650mm. Supplied with a stable current intensitytaB00A,

the coils provide oxygen levitation using a currenénsity of
235A, giving a B gradient of 8.15 ¥m and a maximum
magnetic field of 1.5T.

Fig. 2: Superconducting coils of OLGA.

An anti-cryostat is placed inside the cryostat tigto the coils.
It contains the experimental cell and a visual@atsystem.
Thanks to two endoscopes and corresponding mifarsight
source and camera), magnetic and temperature ®ffecthe
visualisation device are avoided. The anti-cryosgamobile
and its vertical position with respect to the ctgbsand the
coils which are both fixed is adjustable. Both eswhpes are
mobile with respect to the anti-cryostat and canveno
independently. Their mirrors can rotate to adjust wiew
angle.

Magnetic compensation limitations

It has been shown [4] that it is not possible tcactly
compensate the gravity in a finite volume. It cae b
compensated in only one point in the present ilagtah. A
residual “gravity” field is not uniform and growsitv the

and
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Fig. 3: Sability of the bubble position. Left: the case of a diamagnetic material, characterized by a positive magnetic
susceptibility (e.g. hydrogen). Right: the case of a paramagnetic material, characterized by a negative magnetic susceptibility
(e.g. oxygen). Direction and magnitude of the residual magnetic forces are shown for vapour and liquid phases.

distance from this point. The radial componentto$ force is
the main limiting factor. The experimental cell unie is thus
limited by the compensation accuracy.

This residual force influences the liquid/vapounfiguration
stability. For example, the stability of the pasitiof a vapour
bubble in equilibrium with the surrounding liquictends on
the type of material used. For the oxygen (paramig) the
residual radial force tends to gather the vapouhatpoint of
exact gravity compensation, and reject the liqgodards the
walls. As a consequence, the bubble equilibriurstable. For

in the flanges of the cell measure the local tewipee. The
sapphire transparency allows for the transmisshmeovations.

4. Results of the nucleate boiling experiments

The heat flux was 1W/ctapplied from the bottom centre of
the cell. Magnetic compensation was put on to vasidual
gravity from normal gravity (do) to 0.04y,. Movie recordings
(Fig. 5) were made at a frame rate of 500fps. ErpETts were
very reproducible. The bubble behaviour could halisd, in

the hydrogen (diamagnetic), the inverse phenomei®n particular bubble size and growth time.

observed: the vapour bubble cannot stay at thet pdirihe
exact gravity compensation (Fig. 3).
It is possible to improve the field homogeneity &gding a

ferromagnetic insert [3, 4]. In our case, the ihgareases the

compensation volume by factor 4.5.
3. Experiments

The experiments are performed in a cylindrical ¢eiyy. 4). Its
dimensions are chosen to give the residual graewel of
0.04g,. This leads to a 24chvolume for the experimental cell.
The sapphire cylinder (30 mm diameter and 50 mng)las
closed by two copper flanges. The bottom flangetaios a
heat exchanger that serves to regulate the tenuypera# heater
placed in the bottom centre can input a heat flpxta 38
Wi/cn? during boiling experiments. Several thermistoracptl

Sapphire
cylinder

Heater
0.5 cm?

Heat
exchanger

We found that the bubble departure sizeehaved similarly to
the capillary length under all gravity levels (F&). Here the
capillary length is defined as

l. =y l(ghp)

whereo is the interface tensiom, the residual gravityp the
difference between the density of the liquid ané trapor
phases. The effective gravity level is shown indheph too.
Another result concerns the departure petjgdthe duration
between successive bubble departures). It hasfbaad to be
proportional to the thermal growth tinfe, (Fig. 7), which is
defined as

T
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whereD, is the liquid thermal diffusivityp, is the density of
the vapour phasdi is the evaporation latent hed, is the

Fig. 4: Test cell used for studies of bailing heat transfer at low pressure
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Fig. 5: Nucleate boiling under variable gravity. The values Fig. 7: Departure period vs. thermal growth time. The gravity
below the pictures give the level of residual gravity. level for each point is shown.
9.0 mechanism of the boiling crisis (Critical Heat FlugHF)
8.0 1 studied earlier in a very small hydrogen cell [7].
7,0 5=0.
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4, Conclusion and per spective

OLGA, thanks to magnetic compensation, is how dperal
to perform thermal transfer experiments for theeetffe
gravity level ranging from ground conditions to epa
conditions. As a consequence, OLGA gives the unique
opportunity to study physical phenomena under Wéia
gravity.

Nucleate boiling experiments have been performedenn
variable gravity, from normal to zero gravity. Vapdubbles
behaviour was conventional for the microgravitybbles got
larger and stayed longer on the heating surfacedasreased.

As a future improvement, a second heat exchangéh wi
regulated temperature will be placed on the tophefcell to
improve the temperature homogeneity. A new ferrameéig
insert will be used to improve the compensationueacy.
Experiments with quickly varying gravity imposed hynew
electric power supply are planned. Eventually, expents
near the oxygen critical point will be carried datstudy the



