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INTRODUCTION 

In this paper we describe two laboratory test facilities con
structed and operated at Saclay for general studies on thermal prop
erties of He II at variable temperatures and pressures related to 
the cooling of superconducting magnets. 

Two other He II facilities also in operation at Saclay and 
built in a joint collaboration of three CEA Laboratories (Fontenay-
aux-Foses, Grenoble and Saclay) for the qualification tests of a new 
tokomak "Tore Supra", under construction in France, have already 
been reported in detail'»2 and will not be otscribed here. 

The areas of investigations for the basic He II studies include: 

- Heat transfer in the fluid and at the interface between fljid and 
solid for both steady state and transient regimes. 

- Properties of materials in magnetic fields for temperatures be
tween J.5 K and 20 K. 

- Analysis of the stability of superconductors in particular config
urations and variable temperatures. 

The laboratory equipment consists of different cryostats, of 
which the two main ones are described here, connected to a same 
helium supply and pumping system, and using the same computerized 
data aquisition system which permits rapid storage and visualisation 
of the system physical parameters, especially the temperature, in 
such a way to pivc on-line information. 
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Ve have constructed and operated a cryostat, called "MARINETTE" 
which is a flexible experimental facility usable either with or 
without an 8.5 Tesla magnet in He II (Fig. 1)« 

The cryostat overall dimensions are 30 cm diameter and 110 cm 
height. Without the magnet, the subcooled He II experimental volume 
has an 18 cm diameter and 22 cm height in the temperature range above 
I.A K. With the superconducting coils, a 10 cm diameter is available. 
For experimentation above the He II temperature range, a vacuum can 
is available to be inserted inside the coil. This cryostat is based 
on the conventional stratified temperature bath concept which uses 
an insulating fiberglass epoxy separator between the upper He I and 
the lower He II regions. This separator is easily inserted at room 
temperature in the cryostat and it is sealed at low temperature due 
to differential thermal contraction. Cooling power at reduced tem
perature is achieved by means of a boiler surrounding the experimen
tal vessel. A large heat transfer area of 1100 cm 2 permits the uti
lization of stainless steel for the wall between the two baths in
suring good leak thightness. The 2 radiation shields are helium 
vapour cooled, thus requiring no liquid nitrogen while providing 
better insulation due to lower shield temperatures. Further details 
of the cryostat performance are reported in reference3. 
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The magnet i s a 20 layer solenoid» vacuum grease impregnated 
with a 50/tmmylar insu la tor between each layer . I t provides at 1.8 K 
a central f i e l d of 8.5 T witn a current of 840 Amps. The peak f i e l d 
at 1.8 K with 868 Amps as c r i t i c a l current i s 9. 1 T while 6 .9 T i s 
the maximum achieved at 4.2 K. A summary of the performance charac
t e r i s t i c s of "MARINETTE" cryostat and magnet i s given in Table 1. 

Table 1. Cryogenic and magnet performance of "MARINETTE" 

Helium cooldown 
Room temperature to 
4.2 K to 1.8 K 

4.2 K 30 1 in 5 hours 
< 1 hour 

Normal operation at 840 Amps 
Cryostat boil off 
Vapour cooled leads 
He II boiler 

0.2 Nrn^/h 
1.8 Nm 3/h 
0.5 Nm 3/h 

Conductor 
Dimension 
CopperrNbTi ratio 

2 
2x1 mm 
2M 

Coil dimensions 
OD 
ID 
Height 

15.4 cm 
10 cm 
16 cm 

Coil total weight 
Peak field at 1.8 K 
Overall critical current 
Stored energy 

density at 1.8 K 

12 kg 
9.1 T 2 

35 000 Amps/cm 
20 kJ 

SUPERDUC 

A large heat transfer cryostat, we call "SUPERDUC", is designed 
to provide an environment for studies of He II heat transfer with 
good thermal insulation. We have adopted this approach in order to 
carry out quantitative studies of heat pulses and steady state heat 
transport in He II. Additional flexibility has been built in by 
allowing for variable pressure operation. 

A general schematic of the cryostat is shown in Fig.2. A 25 cm 
ID vacuum can with an available height of 65 cm for installation of 
heat transfer experiments, is immersed in a 40 cm standard liquid 
He I cryostat. The top flange of the vacuum can supports the detach
able indium sealed vacuum enclosure and the helium boiler which pro
vides cooling power dt reduced temperature for the experimental vol
ume attached underneath. The boiler is supplied through the level 
controlling valve 1. The expcrimcntnl volume ir. filled through a 1mm 
II) 30 cm long c.ipillory pipe in series with valve 2 opening to the 
surrounding 4.2 K helium bath and it is cooled by heat transfer to 
the boiler through a 6mm thick annealed copper plate of 12cm diameter. 
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Fig.2 "3UPERDUC" cryostat with the 100 m long tube experiment. 

At 1.8 K, the temperature difference between the upper and lower 
baths is 0.03 K for a 2 W experimental heat load due to Kapitza re
sistance. With valve 2 closed it is possible to pressurize the ex
perimental volume up to 0.4 MPa. Four holes in the bottom of the 
lower bath are available for connecting experimental heat transfer 
systems. Insulating vacuum is insured by an external pump and an in 
situ activated charcoal cryopump deviced for both improving vacuum 
during experiment or cooling down the experiment with the pump 
heater respectively off or on. 

DATA ACQUISITION SYSTEM 

The measurement and data acquisition system for the two facili
ties described above is designed to input low voltage signals such 
as originate from temperature or heater and output the relevant phys
ical parameters. The system contains a 64 K memory microprocessor 
with two input signal interfaces : 

- A 16 channel multiplexor working sequentially gives a 12 bit defi
nition to 10 volt input signal. The rate of measurement is 20 msec 
per channel. 

- A 4 channel signal recorder collects data in parallel within 
adjustable sampling times from lOztsec to 10 sec per point. It 
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works as a buffer, each channel can collect and store 1024 data 
for subsequent transfer to a chart recorder or to the micropro
cessor for data handling. 

The system, as presently configured, has a temperature measure
ment accuracy of 2 mK land can have a time resolution down to 10-Usec, 
entirely sufficient for measurement of temperature with time constants 
in the range of msec. 

EXPERIMENTS 

. We are performing two experiments on heat transfer through tubes 
containing He II, one a 100 m long tube and the other a 30 cm long 
tube","and w e present some preliminary results and discussion. 

The long tube experiment gives ability to measure temperature 
profile in steady state at very low heat flux and to perform pulsed 
experiments in an effectively infinitely long system. It is cons
tructed with an 100 m long copper tube of 0.6 cm ID and 0.8cm 0D wound 
into a five layer coil and installed in the "SUPERDUC" cryostat. The 
lower end of the tube is sealed while the upper end is connected to 
subcooled He II bath. Two 10 cm long test sections, located 50 m and 
100 m from the heat sink, are instrumented with a heater fabricated 
by winding a 150 Ohm manganin wire on the surface of the copper tube 
and two carbon temperature sensors. The test sections are connected to 
the tube by means of stainless flanges. Heater power is determined by 
simultanée: measurement of the current and voltage. 

The temperature of subcooled helium bath is kept constant to 
within 1 mK with an electronic temperature regulator using a 100 Ohm 
carbon resistor as sensor. Eight other carbon resistors are distrib
uted along the experiment (Fig.2). All carbon resistors are calibrated 
in situ against a germanium resistor located in the subcooled He 
bath. The four probe method is used with an adjustable constant 
current of 0.3, 1, 3M/Amps. 

Figure 3 represents temperature profile along the tube for 
different heat fluxes. In Fig.A, we plot the temperature gradient 
versus steady state heat flux for several different experiments. The 
data are plotted as log-log to demonstrate the well known relation
ship thatVT is proportional to Q m. In the 1.6 to 1.9 K temperature 
range, the fits to the data from the long tube experiment give a 
slope of m • 3 • 0.15. 

For transient heat pulses, negligible energy is transferred to 
the heat sink because of the length of the tube. Shown in Fig.5 are 
temperature profile aspects at different times after the application 
of n constant 100 mW heat flux. This result illustrates that durinp, 
tlii1 [irst few minutes, most of the energy is contained in the helium 
close to the heater, while at 50 m from the heater, the helium 



Fig.3 Temperature profiles along the 100 m long pipe. 

temperature increase is only 2mK.In the same figure it can be seen 
also time constant of several hours to reach steady state. This fact 
makes stabilization of the experiment and sensor calibration a dif
ficult task. 

The 30 cm long tube experiment consists of a 0.7 cm ID fiberglass 
epoxy tube vacuum insulated opened at the bottom end to the 6 liter 
subcooled He II "MARINETTE" cryostat bath and terminated at the upper 
end by a copper plug instrumented with a heater and three temperature 
sensors. The copper plug interface with He II has been machined and 
degreased. A germanium resistor is used for calibration of the 2 
carbon resistors of the copper bloc, while the bath temperature is 
measured with a second germanium also used for the calibration of 
the 3 sensors located inside the helium channel. 
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Fig.l* Temperature gradient versus heat flux. Low and high flux 

are respectively from the 100 m and 0.3 m tubes. 
The open points are from S. Van Sciver measurements^. 

The above configuration was selected for this experiment to 
compare the heat transfer curve with transfers facing upward avail
able in the literature. 

Temperature gradient versus heat flux for this experiment, 
plotted in Fig.4 for high heat fluxes at 1.7, 1.8 and 1.9 K are in 
good agreement with measurement with the 100 m long tube as well as 
date from literature . We have also measured the temperature differ
ence between the copper bloc and the helium bath below and above the 
critical heat flux, Q . Below Q*, temperature differences are small 
being about 2 K at 1.8 K for 1 W/cm 2 (Kapitza resistance), while for 
a heat flux slightly larger than Q*, £T can exceed 30 K. Further 
work will be reported in the future. 

CONCLUSION 

We have performed experiments with the two facilities described 
above and have enabled the overall set up to be checked for satisfac
tory operation. These results provide additional data in good agree-
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Fig.5 Transient temperature distributions along the 100 m long 
pipe for a 100 mW step function heating power. 

ment with those available in the literature and illustrate the high 
capability of the system with regard to precision and fine resolution. 
These experiments will be extended to a series of planned studies of 
He II heat transfer and superconductor stability. 
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