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Abstract 

This report gives an account of the cryogenic tests performed on the vertical cryostat Gersemi with a 

dummy cavity connected to the liquid insert in October 2019. 
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1 Description

This report gives a brief description of the outcome of the tests carried out at FREIA’s
vertical cryostat Gersemi from the 18th to the 25th of October 2019 with the valve box
(VB) and the cryostat (VCS) with the dummy cavity attached to the liquid insert.

In this run the cavity was attached to the liquid insert with all conflat flanges opened
and placed as low as possible in order to save liquid helium (LHe) usage. All pictures can
be found in [20191002 Dummy Cavity sensors], and figure 1 shows the schematic with
sensor positions and distances.

Figure 1: Sensor positions, distances and level probe values for this run.

2 Pump down curve

The pumping of the VB’s and the VCS’s insulation vacuum has to be done at the same
time since there is no vacuum barrier in between. In this run, it took 16 h to reach
1x10−3 mbar in both VCS and VB.

Figure 2: Pumpdown curve for the VB and the VCS.
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3 Purging times

Due to the difference in size in the different circuits the time for purging varies. The
times taken for the different sequences are given in table 1.

Table 1: Purging times for the different sequences.

Sequence #
Range vacuum [mbar]

Time
Range HP [mbar]

Time
From To From To

1 (VB) 1200 5 150 s 5 1200 60 s
2 (VCS) 1000 5 1.75 h 5 1100 1 h
3 (ScHe) 1400 36 50 s 36 1200 10 s

4 LN2 shield: cooldown time

The cooldown of the VB and the VCS has taken ca. 25 h for all temperature sensors,
except TT701A (black curve) and TT742B (cyan curve), to be below 100 K and 9 h to
be below 120 K. The reason for TT701A to vary that much is because it is placed on top
of the VB, most probably close to the outlet, so the heater being on/off affects the reading.

Note that the openings of the pressure reducing valves (PRVs) for the VB and VCS
had to be changed and adapted during the whole cooldown, and still in future runs these
valves will need to be checked again to get optimal cooling curves and steady situations.

Figure 3: Cooling graph for the thermal shields of both the VB and the VCS.

5 Heat loads at LN2 temperatures

The thermal losses of the thermal shields of the VB and the VCS can be calculated
according to the following equation

P = ṁvol ρ(293K, 1bar) LV (Pop) (1)
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where ṁvol is the volumetric flow, ρ (1bar, 293 K) the density at room temperature
and 1 bar and LV the latent heat of vaporization of the liquid nitrogen at the inlet
pressure. Figure 4 shows a few of the main parameters of the thermal shield conditions
during steady state, with actual values given in table 2. Since the LN2 pressure average
is ca. 2.4 bar, the equation can be rewritten as

P = ṁvol ρ(293K, 1bar) LV (2.4 bar) (2)

Figure 4: Steady state condition during LN2 cooling.

For the VB, the average flow is FT700=1.12 m3/h (see table 2), so the thermal losses
of the VB thermal shield are 68 W

P = 3.11 x 10−4 m
3

s
x 1.16

kg

m3
x 188

kJ

kg
= 68 W (3)

Table 2: Several thermal shield parameters measured during steady state cooling.

PT700 FT700 FT740 TT702A TT742B
[bar] [m3/h] [m3/h] [K] [K]

Mean 2.4 1.12 5.23 90.5 105.7
Std dev 0.6 0.05 0.26 0.18 0.10

This value comprises the losses of both the VB and the cryogenic line TL011, where
the TL011 is assumed to have losses for the value of ca. 10 W. The 68 W measured here
are higher than the value found for the VB when the simulator was attached, namely
42 W (also including the losses from TL011). One thing to consider in this case is that
the system was not yet optimized in terms of PRVs openings, so the flows measured here
migth not be the lowest possible values.

In the case of the VCS’s thermal shield, the average flow is FT740=5.23 m3/h,
measured after the second step shown in figure 4, gives 317 W

P = 1.45 x 10−3 m
3

s
x 1.16

kg

m3
x 188

kJ

kg
= 317 W (4)
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This value is certainly much higher than the design value of 200 W, with one of the
reasons being that the losses from the transfer line TL012 are included. Another reason,
as with the VB, might be that the opening of the PRVs are not yet optimized to have
the minimum flow for the same cooling. Figure 4 indicates that an average value of 4.2
m3/h might be possible, giving then a power of 254 W.

Figure 5: Temperature details for the cavity installed in the liquid insert during cooldown from room
temperature to 4 K.

6 Cavity cooldown from 300 K to 4 K

The cooldown of the VB with LHe was started, but even after three hours of cooling still
there was no LHe in the 4K tank even though TT603 was at 4.5 K. This might be from
too much heat coming from the pipes connected to the 4K tank, so it was decided to
start the cooling of the VCS as well. Once the cooling of the VCS was ongoing was there
finally LHe in the 4K tank.

Note that most of the cooldown for VB and VCS were done with the LHe available
in the 1000 L mobile dewar. This dewar was pressurized when necessary with the system
shown in figure 6, which gives the operating principle of the pressure regulation of the
mobile Dewar with a membrane valve and a pressure reference given by the pressure of
the volume. The pressure in the dewar is set to a certain value, typically 1.2 bara, and
it is being raised when necessary by adding more pressure via the 20 L HP bottle, which
provides the gas to fill the gas phase of the dewar when the valve is opened. This raise
is needed as long as there is flow through the dewar to the VB, since then the pressure
in the dewar decreases.

The time it took from the starting of the cooling of the VCS until all temperature
sensors located on the cavity were at or below 4.5 K was 9h (figure 5) while the time
until we got a level LT671=25% was 11h. The filling rate was ca. 15%/h.

The slowest cooldown rates are:

a) from Tstart=260 K to all TTs ≤ 4.5 K → 0.5 K/min

b) from TT663L=150 K to TT665L=50 K → 0.7 K/min
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Figure 6: Details of the connections for the pressurization of the 1000 L mobile dewar. Circled in blue
the schematic for the pressurization during the night and in red during operation.

It is worth noting that when the VCS is being filled, some times there is no flow
through FT581 and LI670 does not change. This does not mean that there is a plug
anywhere but that we are filling the volume above the LHe level with cold gas.

7 Cavity cooldown from 4 K to 2K

The cooldown from 4 K to 2 K took a few attempts. The 2K pumps stalled a couple
of times due to too high differential pressure across the butterfly valve and/or this valve
being in error mode and opening suddenly. Once it was possible to reduce the pressure
in the bath very slowly, fluctuations of the pressure at the outlet of the reheater (PT581)
could be seen, which is an indicator or taconism, already at high pressures, as seen in
Figure 7.

Figure 7: Detail of the pressure in the VCS PT660L and after the reheater PT581 during the transition
from 4 K to 2 K.

On another trial, in order to allow the helium bath pumping the pumping speed
of the 2K pumps was reduced to the minimum value possible, where only one pump
is used during the first 30 minutes of pumping. The pumping speed was then gradually
increased, the control valve being in the minimum opening position, and when the helium
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pumps are at their nominal speed, the control valve is opened progressively. This is
because to reduce taconism we have to reduce the mass flow from the VCS to reduce
the temperature gradient. Unfortunately, despite these precautions taconism appeared
again after reaching 300 mbar, which limited and sometimes prevented the reduction of
pressure.

Figure 8: Detail of the pressure and flow during the transition from 4 K to 2 K.

It was at this point that a RLC network was then connected between the top of the
liquid insert and below CV582 in the reheater to try to dump the oscillations. This net-
work consisted of plastic tubing/bellows, a small volume and a needle valve. Although
the oscillations were not damped, they just did not amplify, it can be seen that as soon
as Helium becomes superfluid (ca. 49 mbar) the oscillations are gone. At the end the
pressure of 31 mbar was reached, as shown in figure 8 with details of the flow FT551 dur-
ing pumpdown. The flow variations after the pressure of 31 mbar has been reached come
from the pressure regulation via CV582. Note also that even though the system is at 2
K there were still some pressure oscillations at this temperature, visible at around 01:00
h. All in all, it took 7.5 h to reach 31 mbar from atmospheric pressure while suffering
from taconism on the way.

From these tests with the liquid insert and the past ones with the simulator we can
assume that the Taconis is linked to the configuration Valve Box + Helium reheaters +
2K Pumps, and that the large volume of the cryostat does not allow for the moment to
remove the Taconis by a pumping speed limitation.

8 Cooling of the HX and filling of the VCS

Another encountered difficulty was that the inlet temperature of the subcooling heat
exchanger HX600 (TT606/TT616) never reached 2 K, as it should in order to operate
correctly. Instead, the lowest value it reached was ca. 11 K during the initial pressure
regulation via CV582 and for flows above 80 m3/h and increased rapidly above 40 K
during normal operation, as shown in figure 9.
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Figure 9: Temperatures along the heat exchangers HX600 and HX350 wrt flow.

This problem could be the result of poor efficiency of the cryogenic line TL016 or a
simple contact between the pumping line and another hotter pipe in TL012, which could
destroy the efficiency of the pumping line. During these tests however no condensation
point or frost appeared either in TL012 or TL016.

Because of this, the subcooling heat exchanger was operating at much higher temper-
atures compared to the design temperature, thus generating a significant pressure drop so
that it was not possible to produce superfluid helium at the inlet of CV603. This caused
a problem when trying to fill the VCS: the helium at the inlet of CV603 was at too high
temperature as to be able to fill the VCS. The next choice would be filling through CV602
but this line was also too warm and after a while the helium that reached the VCS did
not increase the level LT671. At the end the only possible option to fill the VCS was via
CV601, which had to be opened very slowly since the one was quite warm and even then
it evaporated some level. After a short while the level LT671 started to increase. The
opening of the valves CV601, CV602 and CV603 and their impact on the level LT671 is
shown in figure 10. The filling through CV601, when opened to 70%, was 9.2%/h when
the level was at 16%.

Figure 10: Opening of different valves and their impact on the level probe LT671.
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Since taconism can be maintained either from evaporation of liquid helium or in cold
vapor helium, the high temperature at the heat exchanger inlet may be the consequence
of Taconis. It could be that when Taconis is removed from the system the inlet temper-
ature of the heat exchanger will decrease.

Another thing seen during 2K operation is that, as in HNOSS, the ScHe circuit is
thermalized to the LN2 top flange of the VB, so when the supercritical helium circuit
ScHe is switched on it has an influence in the temperature of the top shield, as shown in
figure 11.

Figure 11: Detail of the temperature increase at the inlet of the LN2 (TT706) and on the top flange
(TT701A) of the VB after starting the ScHe circuit.

9 Heat loads at LHe temperatures

The heat loads measured during this run for both tanks are given in table 3, together
with an approximation of the LHe evaporation rates. During the time this measurements
were done the 4K tank was not filling and during the whole night the filling of the VCS
was prevented by forcing all valves CV60x closed.

Table 3: Heat loads of the 4K tank and the 2K tank at different temperatures together with the
corresponding evaporation rates. Note that the rate of evaporation for the VCS is from LT671 and not
from LI670 or LT670.

Date
FT580 (σ) FT581 (σ) FT551 (σ) PT580 (σ) PT66zL (σ) ∆LT600a ∆LT671a

# Points
[m3/h] [m3/h] [m3/h] [mbar] [mbar] [%/h] [%/h]

20-21 1.45 (0.05) 6.30 (0.32) - 1094 (0) 1062.21 (0.83) 2.07 0.14 2147
21-22 1.99 (0.06) 4.31 (0.16) - 1093 (0) 1053.83 (0.28) 3.24 0.16 1436
22-23 1.47 (0.06) 4.89 (0.16) - 1094 (0) 1054.28 (0.09) 2.29 0.15 1970
23-24 1.18 (0.06) - 4.04 (0.18) 1094 (0) 31.00 (0.01) 3.23 0.26 9404

24-25b 1.10 (0.06) - - 1093 (0) - 2.58 - 12284

a Measured in the same time range as with the flowmeters.
b The liquid insert was left to pressurize during the night (VCS isolated).

Except for the night between the 21st and 22nd, the heat load into the 4K tank mea-
sured by the flowmeter FT551 reduces as the system remains cold, whereas for the VCS
and once the first 24 have passed, it does not vary much although surprisingly the value
is lower at 2 K (FT551) than at 4 K (FT581).
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If the evaporation rates are evaluated instead, then the confusion is greater since
the logic does not match both cases: if the flow meter gives a higher value then the
evaporation rate should also be higher, which is not the case for either the 4 K tank or
the VCS working at 2 K. At least for the VCS the evaporation is indeed faster at 2 K
than at 4 K, as expected.

9.1 Power calculation from flowmeters

To calculate the heat load into the helium tanks in terms of power eq. 5 must be used,
where ṁvol is the volumetric flow, ρ (1bar, 293 K) the density at room temperature and
1 bar, LV the latent heat of vaporization and ρL and ρV are, respectively, the densities
of the liquid and vapor, all parameters at a certain temperature and pressure.

P = ṁvol ρ(293K, 1bar) LV
ρL

ρL − ρV
(5)

The last term in this equation takes into account the cold vapours that stay in the
volume to replace the evaporated fluid.

9.1.1 At 4 K

For the 4K tank in the VB, we can take, for example, the flow measured in the nigt
between the 24th and 25th FT580=1.10 m3/h (taken from table 3) and an operation
point of 4.2 K and 1 bar, the heat load into this tank is then 1.24 W

P = ṁvol ρ(293K, 1bar) LV (4.2K, 1bar)
ρL(4.2K, 1bar)

ρL(4.2K, 1bar)− ρV (4.2K, 1bar)

= 3.05 x 10−4 m
3

s
x 0.17

kg

m3
x 20.79

kJ

kg
x

125.4 kg/m3

(125.4− 16.5) kg/m3
= 1.24 W

(6)

Note that even though the operating pressure of the 4K tank is 1.1 bar, the difference
in parameters is minimal so that 1 bar can be considered instead.

For the VCS operating at 4 K, a flow FT581=4.89 m3/h (from table 3, the night
between the 22nd and the 23rd) gives a heat load of 5.53 W

P = ṁvol ρ(293K, 1bar) LV (4.2K, 1bar)
ρL(4.2K, 1bar)

ρL(4.2K, 1bar)− ρV (4.2K, 1bar)

= 1.36 x 10−3 m
3

s
x 0.17

kg

m3
x 20.79

kJ

kg
x

125.4 kg/m3

(125.4− 16.5) kg/m3
= 5.53 W

(7)

9.1.2 At 2 K

In the case of the VCS operating at 2 K (31 mbar) and with an average flow FT551=4.04
m3/h (from table 3) the heat loads into the VCS can be calculated via eq 5, giving a heat
load of 4.32 W
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P = ṁvol ρ(293K, 1bar) LV (2K, 31mbar)
ρL(2K, 31mbar)

ρL(2K, 31mbar)− ρV (2K, 31mbar)

= 1.12 x 10−3 m
3

s
x 0.17

kg

m3
x 23.05

kJ

kg
x

145.7 kg/m3

(145.7− 0.8) kg/m3
= 4.32 W

(8)

9.2 Power calculation from helium level evaporation rates

The heat loads calculated from the liquid helium evaporation rates need of equation 5
without the last term and with a minor change, the active length of the helium level
probe, the shape of the volume of the tank in question and the time it took to evaporate.
The measurement time is the same as for the values calculated with the flowmeter for
ease of comparison.

9.2.1 At 4 K

If we consider the 4K tank first, the active length of LT600 is 50.2 cm, and if we focus on
the heat evaporation that happened on the night from the 24th to the 25th of October,
then we get

Figure 12: Dimensions of the 4K tank with the diameter and thickness circled in red while the level
decrease is outlined in blue.

LT600 = 82.03% at 22 : 00h→ 41.18 cm

LT600 = 58.76% at 07 : 00h→ 29.50 cm

}
∆h =11.68 cm in 9h (9)

According to figure 12, the 4K tank is a cylinder with 450 mm in diameter and 3 mm
thickness. The flow of liquid helium that has been evaporated during this time is then
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ṁvol =
∆V ol

time
=
πr2∆h

t
= 2.01 x10−3 m3/h (10)

The power absorbed by the 4K tank is then given by equation 5 by changing the
room temperature density by the density of the liquid helium, thus we get 1.46 W of
power leaked into the 4K tank.

P = ṁvol ρ(4.2K, 1bar) LV (4.2K, 1bar)

= 5.58 x 10−7 m
3

s
x 125.4

kg

m3
x 20.79

kJ

kg
= 1.46 W (11)

For the power into the VCS working at 4 K the only change is the volumetric flow
ṁvol since the volume and the level probe are different. The active length for LT671 is
166.5 cm and the volume of liquid evaporated can be calculated by extracting the volume
of the walls of the dummy cavity (since the CF flanges are opened to let LHe in) to the
volume of the VCS along the level difference, see figure 13 for the actual dimensions. For
simplicity, it is assumed that the cavity is placed on the cilindrical part of the VCS and
that the volume taken by the cavity walls during the level drop are rectangles.

Figure 13: Dimensions of the VCS (circled in red) and the dummy cavity (circled in green) for a certain
helium level difference, marked in blue. The volume of the cavity walls are marked in lined blue and
dotted blue areas for the long and the short sides, respectively. Note: the drawing of the VCS and the
dummy cavity are not in the same scale.

If we look at the data from the night between the 22nd and the 23rd of October, then
we have

LT671 = 24.57% at 06 : 30h→ 40.91 cm

LT671 = 24.35% at 08 : 00h→ 40.54 cm

}
∆h =0.37 cm in 1.5h (12)

where the level lays somewhere in the middle of the cavity, as shown in figure 1. Note
that the error of the LHe level probe (± 8 mm1) is bigger than the measured decrease
of ca. 4 mm, so that the calculated heat load is an approximate value. The volumetric
mass flow is then

1Accuracy for an AMI model 1700 LHe instrument is ±0.5% of active sensor length. Resolution 0.1%,
0.1 cm.

12



ṁvol =
∆V ol

time
=
V ol V CS − 4 x (V ol short side

dummy + V ol long side
dummy )

time

=
πr2V CS∆h− 4t∆h(a+ b)

time
= 2.34 x10−3 m3/h

(13)

And then the power leaked into the VCS when operating at 4 K is then approx.
1.69 W

P = ṁvol ρ(4.2K, 1bar) LV (4.2K, 1bar)

= 6.50 x 10−7 m
3

s
x 125.4

kg

m3
x 20.79

kJ

kg
= 1.69 W

(14)

9.2.2 At 2 K

For the heat load into the VCS at 2 K the only data available is from the night between
the 23rd and the 24th (see table 3)

LT671 = 20.05% at 05 : 30h→ 33.38 cm

LT671 = 19.13% at 09 : 00h→ 31.85 cm

}
∆h = 1.53 cm in 3.5 h (15)

Where the same assumptions as in the 4 K case remain, so the volumetric flow is then

ṁvol =
∆V ol

time
=
V ol V CS − 4 x (V ol short side

dummy + V ol long side
dummy )

time

=
πr2V CS∆h− 4t∆h(a+ b)

time
= 4.10 x10−3 m3/h

(16)

So then the power into the VCS when operating at 2 K is 3.83 W

P = ṁvol ρ(2K, 31mbar) LV (2K, 31mbar)

= 1.14 x 10−6 m
3

s
x 145.7

kg

m3
x 23.05

kJ

kg
= 3.83 W (17)

9.3 Heat loads summary

A summary of the values obtained via the different methods for easier comparison is given
in table 4. For the 4K tank the values given by the flowmeter and the evaporation rate
are quite similar whereas for the VCS they start to differ.

Focusing on the VCS, it was observed that during its cooling the flow stops when
the LHe filling starts because the cryostat’s volume is being filled with cold gas until this
volume is full and the flow through FT581 starts again. When the filling of the cryostat is
stopped the temperature of helium gas stored inside the cryostat increases, especially in
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the neck and cold pipes, which in turn decreases in density and thus increases in pressure,
creating a flow.

The flow of the gas measured by the flowmeter is the sum of helium evaporation
and the increasing of the helium gas temperature. If the helium liquid level is close to
the nominal level, the gas volume is reduced and thus the gas warming gives a small
contribution to the total flow. On the other hand, if the liquid level is low, the volume
of gas is greater and the flow caused by the warming of gas has a bigger contribution in
comparison with the evaporation flow.

Table 4: Summary of heat loads found via the flowmeter and the evaporation methods for both tanks
at different temperatures.

at 4 K at 2 K
Flowmeter Evaporation Flowmeter Evaporation

4K tank [W] 1.24 1.46 - -
VCS [W] 5.53 1.69 4.32 3.83

During these tests the liquid helium level has been quite low, max at 25% of LT671,
which translates to ca. 41 cm in comparison with the 3.5 m of cryostat depth. In this
scenario the contribution of the warm gas to the total flow is bigger than the evaporation,
thus the values from the evaporation rates in table 4 being smaller than the flowmeter
values is reasonable.

Also, under low level conditions the thermal losses are in general very low since the
thermal losses decrease with lower liquid helium levels. The thermal losses are generated
by solid conduction through the neck and by thermal radiation between the thermal shield
and the cold vessel. When the liquid helium level decreases, the cold surface wet by liquid
helium decreases, which reduces the thermal losses by radiation. Also, the length between
the flange at room temperature and the helium liquid increases, which means then that
the neck length increases and thus the thermal losses by conduction decrease. Because
of these two effects, the evaporation of liquid helium decreases and the value of ca. 1.7
W measured by evaporation of liquid helium at 4 K seems realistic. That means that
the thermal losses should be close to 6 W when the cryostat will be filled at nominal level.

At 2 K the cryostat consumption must be higher than at 4 K because the Taconism
effect increases the thermal losses. The evaporation results confirm that the 4 K thermal
losses are lower than at 2 K, but to be able to compare the flowmeter results at 4 K and
2 K the same condition of level must apply.

10 Conclusion

For the first tests done with the bath insert with the dummy cavity attached as low as
possible to it we have mainly seen that we have taconis in the system and that both HX
in the VB do not perform as they should since the helium that comes from the VCS is
too warm. This, in turn, makes it nearly impossible to fill the VCS from the top at either
temperature of operation, i.e.via CV602 or CV603. To try to avoid this, for the next test
the following should be done:
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a) Add foam around, above the cavity and on the cold gas area to reduce the amount of
LHe/cold GHe needed.

b) Lift the thermal shield of the insert closes to the top flange as much as possible,
normally a gap of 2 cm should suffice.

c) Extend the pumping line below the last thermal shield, best increase it until we stop
at 1 m from the bottom of the cryostat.

d) Add cernox sensors in each thermal shield.

e) Add cernox sensors in the extended pumping line if possible.
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