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Venting of the vacuum jacket surrounding a LHe vessel with atmo-
spheric air is a serious interference. Depending on construction
and insulation gesign of the apparatus a heat flow into the LHe
up to some W/em® may occur. Condensation and freezing of the air
initiates a quick evaporatiom of the LHe bulk.

The LHe vessels of cryostats and containers are pressure tanks
and must therefore be provided with sufficiently dimensiomed
safety devices,

We present the results of air exposure experiments which have
been performed with standard laboratory cryostats and a 100 1
standard LHe container. Results of several blow down experiments
will be discussed and compared.They give realistic data for the
layout of safety devices of such He-containers. The scalability
to He tanks in gemeral will be discussed.

1. INTRODUCTION

iquid helium cryostats and liquid helium storage containers are high vacuum insula-
ted and, in most cases, superinsulated, Evacuation to a pressure <1075 mbar reduces
he heat input to the liquid helium by approximately a facter of 100, the use of a
muperinsulation reduces it by another factor of 10. The installation of shields
gooled by helium return gas or liquid nitrogen in the insulating vacuum reduces
Burther the heat input to the liquid helium bath. If these techniques are applied,
fiquid helium equipments with very low loss rates can be built.

b breakdown of the insulating vacuum tesults in a corresponding increase in losses
and also entails hazards which should not be underestimsted. Specially because of the
pw heat of vaporization, the large temperature difference relative to the atmosphere
nd the enormous density changes which may occur, a liquid helium vessel must be pro-

ted in general against the "destruction of the insulating vacuum" incident by pro-
#r design and by the installation of blowdown systems.

E POTENTIAL DEFECTS ARISING IN THE OPERATION OF LIQUID HELIUM DEWARS

fhie following outline relates to defects that should generally be considered in de-
lgning safety systems (blowdown systems) of liquid helium containers and helium
th cryostats. Incidents which may be caused by cryostat installation (such as
nching of a magnet, defocusing of an energy beam, high voltage flash-over ete.)
11 not be covered, They may, under certain conditions, give rise to even higher
armal load of the ligquid helium bath and must therefore by taken into account spe-
ically in the light of each case.

[ increased heat input into the liquid helium bath, compared with normal operationm,
I be due to the following conditionms:
e

paking helium tank (minor leakage)

lamage to helium tank

Joaking liquid nitrogen cold shield (minor leakage)
mage to liquid nitrogen cold shield

iaking outer tank (minor leakage)

pmaged cuter tank
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= upset thermod ical equilibrium
- Thermal oscillations in the helium tank.

The theoretically possible effects
the usual sizes and designs have been
in Table 1. Calculations have been done
located in an environment of approxin
by cold shields.
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3, EXPERIMENTAL PROGRAM

Calculated estimates of the heat input into the liquid helium bath as a result of
incidents (table 1) are based on a number of eimplifying assumptions, especially in
the most sericus case of "venting the insulation vacuum with atmospheric air

For the following reasons, these estimates can only be crude approximations:

- In reality it is not condensation of a stagnant pure type of saturated vapor, but
a condensation and melting event of several components of atmospheric air that is
involved.

There is no steady-state but an initially non-steady-state influx and temperature
balancing process.

The assumed data for the condensate and the ice, the heat transfer coefficients to
the liquid helium and the temperature gradients in the "insulating layers" are of
limited accuracy only.

So far only the heat transfer on the vertical walls of the tanks has been calcula-
ted. At the horizontal bottom it is pessible for condensate to drip, which may
give Tise to higher heat flux densities in that area.

The effect of such an incident depends on boundary conditions mentioned above and on
other conditions whose effect is difficult to estimate, such as the physical design
and equipment of the liquid helium tank and the vacuum space.

Without simplifications it is hardly possible to estimate the complex events involved
within a meaningful expenditure of computation effort.

At the other hand the sudden venting of the insulating vacuum with atmospheric air

{s the most dangerous accident which ean occur in normal (laboratory) operatiom,

This may happen as a result of mal operation or damage to the outer tank of liquid
helium dewars.

In order to clarify the true situation, and as a necessary basis for the design of
pafety systems for liquid helium tanks and cryostats, we therefore carried out "ven-
L ting experiments". Actual a reason for this work was the need for a failsafe "design
of the safety systems for the two large helium 11 cryostats of the superconducting
particle separator for SPS/CERN [aj. The test program was designed in such a way
that quantitative heat flux densities were obtained for differemt insulation condi-
tions and existing standard tanks could be used.

., Venting of a 1iquid helium cryostat with liquid nitrogen cold shield and uninsu-
lated helium tank.

2, Venting of a liquid helium cryestat with liquid nitrogen cold shield and superin—
sulated helium tank.

. Venting of a liquid helium transport container with superinsulated and returngas
cooled cold shields.

addition to these tests, which served te clarify primary defects on the liquid
1lium dewar, one experiment was carried out to analyze an incident occurring in the

padio frequency superconductivity technology (breakdown of the beam vacuum within a
yperconducting cavity):

Venting of a liquid helium bath cooled nicbium deflector (normally UMV pumped).

experiments were carried out on "open" tanks because the primary points of inte-
Bt were the thermal load of the helium tanks and the resultent maximum helium mass
W, but not the increase in pressure. Thus, the whole mass of helium offgas esca-
E{Dm the tank could be measured continuously and moved through the mass flow
uring section open towards the atmosphere. In addition, it was possible to verify
§ mass flow measurement in an integral way by means of superconducting static probes
pugh the level measurement at the beginning and in the end of venting (emptying

D Dur%ng the main phase of venting this level indication did not respond to
i quickly enough.




4. TEST SETUP AND EVALUATION OF MEASUREMENTS Javien Tayer, ba
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The basic setup of the experiment and the t
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lation layer, but also prevents the direct access of incoming air and a heat transfer
by convection.

Fig. 5 also shows the results of the venting tests carried nurlon_Lhé 100 1 liquid
helium transport container, thus constituling an overall description and comparison
of all expetiments in which the insulating vacuum had been vented.

£

The protective action of the cold shields surrounding the liguid helium tank in the
case of the liquid helium transport container (according to Fig. 3.3) becomes Yisxb
in a comparison with the results of the uninsulated and the superinsulated helium
tanks. After som 60 s the transport vessel, which had initially been filled with

70 1 of liquid helium, was empty.

Fig. b shows a comparison of the results obtained in venting the cryostat with an
uninsulated heli ank and those obtained when venting the niobium deflector floa—
ting in liquid s —— T

Fig. 7 shows the summary of the sured and calculated maximum heat input and a com-
parison with es imates known from the literature [1]]. Moreover it gives a correla-
tion between . maximum heat input which must be expected for different heat ex-
change areas of ilar LHe dewars.

The fact that the measured values are partly much higher than the computed ones is
primarly explained by the faet that the heat transfer by condensation and freeze-out
of the air mixture in a non-steady-state venting process was sumed to be too sta=
tionary ("stagnant saturated nitrogen vapor").
Moreover it must be mentioned that the discrepancies between computation and reality
can be even much higher depending on the assumptions for heat transmission especially
in an ice layer and to the LHe bath.

The tank pressure, which occurred in all experi
heat input (Fig. 5,6), was low as a result of the fact that the measuring line was

always open to the atmosphere. This was a quasi-isobar change of state (vaporization)
and the installed fety valves were never actuated.

nts and increased with the specific

However it should be mentioned that normally eryostats and liquid helium storage con-
tainers are closed pressure vessels in which considerable pressure increases can

oceur under incident conditiens, which may cause the vessel to burst unless a safety
system properly dimensioned can be actuvated.

Atmospheric moisture freezing out in a venting line open to the atmosphere, may also
lead to a closed pressurized tank and to a potential hazard, especially in liquid
nitrogen tanks or shields.

The pressure buildup theoretically possible is very much dependent on the initial
filling level of the vessel or, to put it differently, on the initial vapor content

and the initial density of the mixture, respectively (Table

Table 2. Isochoric change of state for Helium (for Nitrogen resp.)

Part of liquid ] P
[vo1. 2] (1=10K)

il |
{bar | P(T-}(ﬁkj

100 (100) (0)
60 ( 35) (0,1)
o) )

1300 {3000)
400 ( 42)
100 ( 4,5)




6. SCALABILITY OF RESULTS

In liquid helium dewars of the type studied here turbulent film eo
assumed on the side walls with heights »0.7 m under the simp
assumption of an exclusive nitrogen condensation,

heat transfer can b

ndensation must be
lified and mentioned

If the height is doubled, & 40 3

e expected in this range of state

At border cunditions(heigh: H= 0.7 m) computations acecording to the equations of
section 2 lead to approximately 20 I higher values for turbulent conditions compared
with laminar ones,

At vessel heights <0.7 @ laminar film condensation will result in ap
heat transfer coefficients with decreasing heights. This results for 3
increase of SPPr. 10 % at a height of 0.5 m and in a
with a further bisection of the height of the tank (a

increase of the
nstance in an
further increase of appr. 20 2
" H*]!&)

lam
The physical location of the liquid helium tank also influences the heat transfer
conditions by condensation, Because of the short runs, laminar film condensation
must be expected to oceur on horizontal tanks., In the dimensions of Length/Dia-
meter = 1+5 customary in LHe-tank designs the heat transfer coefficie

Nts Gyam to be
expected are assumed to be approx. 20 I lower u

P to 20 % higher than in vertical tank
arrangements (according to information in [2}).

These considerations result in the conclusion that the heat tr
wihtin the film of condensation do not deviate more tha
usual LHe dewar design neither fo
uninsulated thip cryowv

ansfer conditions

0 approximately 40 % for

r vertical nor for horizontal type. Even in case of
essels the heat transfer and the possible heat flux te the LHe
bath is influenced Strongly by the heat barriers inside an air ice layer, inside the
SS~tank and at the border to the LHe. Therefore the influence of size andposition of
the LHe tank on the interusring heat flux to the bath (9) will be relatively unim-
portant (<4220 % for the discussed field),

So, the experimental results,

summarized in Fig. 7, can he a b
maximum heat input go similar

ase for scaling the
dewars with modified sizes,
insulated, the heat
reatly reduced relative
n that case the insula-
uid helium. A good
mentioned above with
that cage already re-
7). A rough calculation in
er the assumption of an in-

¥ & penetration of atmospherie air will pe g
to the extreme case of the uninsul

lated thin vessel, because i
ting layer greatly influence the heat transmission to the liq

basis of assessment could be represented by the measurements
and without superinsulation, Ten layers of superinsulation in
sulted in a reduction of the incident heat to 16 X (Fig.
determining the heat transfer coefficient is possible und.
sulation value in the vented superinsulation which is equ
Lrogen gas at atmospheric pressure. However

tion ig directly attached to
with air are Prevented,

7. CONCLUSION

For liquid helium transpert containers and 1i
insulating vacuum by atmospheric air or nitro

represents the pravest "natural incident" under normal conditions, (Fire in the immow=
diate vieinity of the cryovessels and extreme energy released by internals in cryo=
Stats were excluded), Depending on the insulation and the accessibility of the 1§ uld
helium tanks to air there may be short term Peak heat loads of Up to several N{cuﬁ

of liquid helium exchange area,

Because of the complex non=steady-state behaviour and,
culate events accom,

panying condensation and freeze-out
transfer to liquid helium, model experime
dard dewars to verify computed estimates,
following maximum specific heat loads (

quid helium Cryostats venting of the
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hence, the difficuley to calw
of the air and the heat
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Table 3. Maximum heat flux and blewdown rates for the tested ocbjects

gfs cm for the superinsulated tank of a bath cryostat

for a liguid helium transport container equipped with
offgas cooled shields

a7 i
3.8 Wfem®™ (= 0.2 g/ 2y  for an uninsulated tank of a bath eryostat
: o
1.8 wjpmz (= 0. s cm for the liquid helium flooded deflector

The discrepancy between the ted estimate and the measured values is most pro—
nounced in the uninsulated tank of the cryostat. Co ed with the greatly simplified
computation setups 1 results led to values appro y 20 up to 80 %
higher. All computed and exper ntal results can e i he f into the general
range of estimated values quoted in [11] (Fig. 7).

Scaling of our experimental results to other sizes of similar LHe dewars seems to be
possible as far as the remarks of section 6. are considered.

The results clearly show that careful insulation of the liguid helium tank or some
other measure taken to prevent the admissi f air to the liguid helium can greatly
reduce the penetration of heat in venting the insulating vacuum, Liquid helium eryo=
stats and liquid helium transport containers can then be equipped with safety systems
of reasonable dimensions. The design of s ems on the basis of the guidelines
submitted is possible, €.8., according to

OF SYMBOLS

asH/X Nusse vt ) thermal conductivity

32 o . . : :
g*H -p Grashof number dynamic viscosity
r.'cpj'l ! prandrl number = density
height of LHe-tank [m] f coefficient of thermal ex
acceleration constant E-.n.-’s': f temperature difference i.K'_
Oty ™ heat transfer coefficient at laminar, turbulent film conditions I_'n’fmzl(]

= heat capacity at p=const. [J/xg K] = heat load to LHe (W]

= latent heat of vaporization[J/kg] = O, I8y, heat flux density {w!nmz]

= helium mass flow actually vapo- A e area of heat exchange with the LHe
rized =

= He mass flow through orifice { = s vapour) f (mass mixture) in the

LHe-tank at the & g of iso=

= mean gas volume in He-tank :
chorie change of state

between two points of time
= density of LHe
= density of gaseous He with PRI and the : T on of an arithmetic temperature
mean between TR1 and the vaporization temperature (Fig. 3)
= difference in time between two measurements

= density difference between two successive points in time
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