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Abstract 
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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 27th of November to the 6th of December with the
valvebox (VB) and the cryostat (VCS) with a dummy cavity attached to the liquid insert.

As opposed to last run, this time there was foam placed inside the dummy cavity and
for a couple of meters above it to reduce the amount of liquid needed. Also the pumping
line was extended from the G10 pipe (that ends below the third thermal screen) to a bit
on top of the cavity itself, see figure 1(a). All pictures can be found in [20191126 Sensors
in dummy cavity and insert], and figure 1(b) shows the schematic with sensor positions
and distances.

The reason to do a test in this configuration was twofold: to see if the HX in the
VB could be cooled so that the VCS can be filled via CV602 and CV603, as intended
depending on the mode of operation and to check whether the acoustic oscillations are
reduced or, even better, extinguished.

(a) (b)

Figure 1: a) Picture of the liquid insert’s actual configuration and b) rough distance measurements,
liquid helium levels and sensor positioning (drawing not to scale).
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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 5.25 h to reach
3x10−4 mbar. Compared to last run, this time has been reduced by over 10 h, which
might be due to the fact that the insulation vacuum had been almost in no contact with
air between runs, since both the VB and VCS were vented with nitrogen gas and they
were already pumped for quite some time during and after the first run.

Figure 2: Pumpdown curve for the VB and the VCS.

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. The main difference wrt last
run is the time it has taken to purge the VCS, which has been reduced by 3/4 thanks to
the foam place on the cold area.

Table 1: Purging times for the different sequences.

Sequence #
Range vacuum [mbar]

Time
Range HP [mbar]

Time
From To From To

1 (VB) 1200 5 140 s 5 1200 48 s
2 (VCS) 1000 5 1 h 5 1100 17 min
3 (ScHe) 1200 36 46 s 36 1200 10 s

4 LN2 shield: cooldown time

As opposed to last run, here the cooldown of the VB and the VCS has happened more
or less at the same time (or at least at the same pace) but the final temperature is a bit
higher, see figure 3. It has taken ca. 10 h for all temperature sensors to be below 120 K.
We also see more ripples than before, maybe from the effect of the heaters at the outlets.
The steep decrease in temperature at ca. 16:00h comes from manually increasing the hole
of PRV701 and opening EV700.
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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)

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)

For the VB, the average flow is FT700=1.07 m3/h (see table 2), so the thermal losses
of the VB thermal shield are 65 W

P = 2.97 x 10−4 m3

s
x 1.16

kg

m3
x 188

kJ

kg
= 65 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 1.07 4.68 90.34 103.76
Std dev 0.6 0.05 0.24 0.27 0.08

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 65 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) and of the same value as in last run with
the liquid insert, which was 68 W. During this run the opening of the PRV’s were still
changed, so this average value for the flow might not yet be the lowest possible value.

4



Figure 4: Steady state condition during LN2 cooling. The shaded region indicates the points taken
into account for averaging.

In the case of the VCS’s thermal shield, the average flow is FT740=4.68 m3/h,
measured after the second step shown in figure 4,gives 283 W

P = 1.30 x 10−3 m3

s
x 1.16

kg

m3
x 188

kJ

kg
= 283 W (4)

This value is certainly much higher than the design value of 200 W but still lower
than the value found in last run, which amounted to 317 W. Here, as in last run, the
losses from the transfer line TL012 are included and, as with the VB, it might be that
the opening of the PRVs are not yet optimized to have the minimum flow for the same
cooling.

Figure 5: Details of the connections for the pressurization of the 1000 L mobile dewar.

6 Cavity cooldown from 300 K to 4 K

As learnt from last run, we only manage to fill the 4K tank if the cooling of the VCS is
also started. Thus the cooling of the VB and the VCS were started just 1h apart and the
liquid helium (LHe) used was from the mobile dewar. The dewar pressurization (figure 5)
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was done initially via a membrane valve to 1.3 bara during the night prior and once the
transfer started, and to keep the pressure up, via a 50 L HP bottle directly connected to
the dewar from 1.3 bara to 1.45 bara.

Figure 6: Temperature details for the cavity installed in the liquid insert during cooldown from room
temperature to 4 K.

The time it took from the starting of the cooling of the VCS until all temperature
sensors located on the cavity were below 4.5 K was 4h (figure 6) while the time until we
got a level LI670=25% was 8h. Compared to last run the time has reduced considerably
in this run, up to 5 h less, most probably helped by having all the foam surrounding the
cavity and the cold gas area. The filling rate was ca. 12%/h.

The cooldown rates for this run are shown in Figure 6 and the values are:

i) from Tstart=260 K to all TTs ≤ 4.5 K → 1.1 K/min

ii) from TT663L=150 K to TT665L=50 K → 1.0 K/min

which are higher than in the past run, where we got a rate of 0.5 K/min for the whole
range and 0.7 K/min for the 100 K range.

Figure 7: Detail of the pressure and flow during the transition from 4 K to 2 K. See appendix A for
the pumpdown table parameters.
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7 Cavity cooldown from 4 K to 2K

If the ramping of the pumping speed of the 2K pumps is done fast, the time spent cooling
from 4 K to 2K has been reduced to 4 h. The flow FT551 was, in this case, kept at ca.
55 m3/h or below and it decreased over time, as shown in figure 7. As during last run,
an RLC network was connected between the top of the liquid insert and below CV582 in
the reheater from the beginning to try to dump the oscillations whenever they appeared.
This network consisted of plastic tubing/bellows, a small volume and a needle valve.

Figure 8: Pressure increase in the liquid insert.

In all pumpdowns to 2 K we found stronger or lesser taconism effect, which could be
pinpointed to the bellow sitting on top of FV582. To avoid this in the future there are
several options: exchange the below for a rigid pipe, take out the below and weld on the
upper part only a rigid tube shorter than the below and/or add encase the outer surface
of the bellow in silicon glue so it absorbs the vibrations.

During this run a couple of times the 2K pumps stopped because of insufficient cooling.
In general it did not pose a big problem for the system since the pressure increase, as
seen in figure 8, was very slow: the rise from 30 mbar to atmospheric pressure took ca.
11.5 h.

Figure 9: Temperatures along the GHe outlet line from the VCS into the VB wrt flow.
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8 Cooling of the HX and filling of the VCS

As in the past run, also here it was not possible to reduce the temperature at the inlet
of HX600 to fill via CV603. Figure 9 shows several parameters during manual filling of
the VCS at 2 K while the lowest temperatures found along the outlet line at this time
are given in table 3, which are quite similar to the values found for the last run. These
values are for a flow of 90 m3/h, which means that under normal operation, with flows
at 4-5 m3/h , the temperature at the inlet of HX600 (TT606) is ca. 90 K. Note that the
ScHe circuit was not on during this time. The filling of the VCS at 2K was only possible
via CV601, with a filling rate of 5.5%/h.

Table 3: Lowest values found for the outgassing line from the liquid insert into the VB wrt flow. Data
taken from the 5th of December at 10:00h.

FT551 PT661L TT667L TT669L TT606 TT607 TT612
[m3/h] [mbar] [K] [K] [K] [K] [K]

90 31 2 5 10 9.4 11

It is also worth noting that when the ScHe circuit was on and the 4K tank was in
intermittent mode, when it was time to fill the 4K tank the heat loads were greater than
usual so it was not possible to fill the 4K tank without stopping this sequence first, as
seen in figure 10. As soon as CV580 was manually closed (17:50h) the filling continued
as usual. The reason is that if there is a flow into the VB which is at ca. 100 K, this flow
will warm up the gas at the outlet of the 4K tank, which would increase the flow, making
the pressure drop increase as well up to a point where there is not enough pressure drop
between the inlet of the VB and the Kaeser compressor (where the exhaust of the VB is
connected to), stopping the flow and thus the filling of the 4K tank.

Figure 10: Details of the filling of the 4K tank (marked in red circle) while the ScHe circuit was on.

9 Heat loads at LHe temperatures

The heat loads measured during this run for both tanks are given in table 4, 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. Note that no values for the heat load of
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the VCS at 4 K are given since the time spent at that temperature was not long enough
to reach steady state.

Table 4: 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]

1-2 1.06 (0.14) - 4.05 (0.42) 1063 (1) 31.00 (0.02) 2.43 0.34 3807
4-5 1.25 (0.07) - 4.12 (0.61) 1114 (0) 31.00 (0.01) 3.64 0.25 4464
5-6 0.98 (0.11) - 5.26 (1.10) 1062 (1) 31.00 (0.08) 2.36 1.83 2368

a Measured in the same time range as with the flowmeters.

The heat loads for the 4K tank are all more or less the same whereas for the VCS the
last value is 1 W higher than the rest. This is because the butterfly valve CV582 started
to oscillate to keep the pressure constant, which led to an oscillation in flow FT551, as
shown in figure 11. This figure also shows a change in LHe evaporation in the 4K tank
LT600, which in turn indicates a moderate case of thermocacoustic oscillations (TAOs)
that reduce or dissappear at some point, seen by the change in the LHe evaporation rate.

Figure 11: Detail of the heat loads during the night between the 5th and the 6th of December depicting
the oscillation in FT551 created by CV582. The shaded region shows an example of the points taken
into account for calculating the heat load averages.

The temperature gradient where the TAOs originate is between the 4K tank outlet
and the bayonet of the cryogenic line that carries the GHe to the reheater. The bayonet
is composed of a cold part and a part at room temperature, and one can assume the tem-
perature of the outlet pipe is higher in the bayonet area. The temperature gradient that
generates the TAOs can change for two reasons: if the temperature difference varies or if
the length between the temperatures varies. In the cryostat, there are no sensors placed
on the bayonet side to measure the maximum temperature, but by measuring the tem-
perature at the cold end it is possible to check if the cold length of a pipe increases or not.

The 4K tank’s outlet is in direct contact with a part of the incoming supercritical
(ScHe) circuit into the VB, used as a heat exchanger. This contact is by means of a coil,
where the ScHe circuit wrapps around the 4K tank’s outlet for a couple of turns.
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Figure 12: Overview of the temperatures along the coil at the outlet of the 4K tank and the pressures
of the ScHe in relation to the LHe evaporation from the 4K tank.

Figure 12 shows an example of the pressures in the ScHe (PT380 and PT381), the
temperatures before (TT610) and after (TT611) the serpentine or coil at the outlet of
the 4K tank and the LHe level (LT600) in the tank, indicating that there is a correlation
between the ScHe circuit and the LHe evaporated from the 4K tank. For a pressure below
2.3 bara (the value at which helium is supercritical) when the 4K tank is filling the flow
of cold GHe through the outlet pipe is quite high, which acts as a cold source condensing
the helium gas in the ScHe coil so that there is a film of liquid that keeps the temperature
along this coil and the outlet pipe (TT610 and TT611) about constant. In this situation
the length between the cold end (4K tank outlet) and the warmer end (connection to the
cryogenic line) is reduced, decreasing the length of the temperature variation and thus
creating TAOs, made visible by an increase of the LHe evaporation, and in figure 11 by
a higher flow FT580.

Coupled to these TAOs, and that also increase the evaporation of the LHe in the 4K
tank, are the fast pressure fluctuations (in the kHz range) they generate. Taconism is a
wave depositing energy taken from a warm source (cold part of the bayonet) into a cold
one (the 4K tank), contributing to more LHe being evaporated. This extra gas helps
maintaining the TAOs since this gas helps create pressure fluctuations in the 4K tank.
When the pressure is decreased in a LHe volume there is evaporation of LHe whereas
when the presure increases it stops but does not condense unless there is a cold source.
If these pressure fluctuations are sustained for long enough at the end there is only gas
left in the volume. Thus the LHe evaporation seen in the 4K tank comes from two undis-
tinguishable sources: the TAOs and the pressure fluctuations.

Once the cold flow out of the 4K tank reduces the condensed helium evaporates slowly
increasing the pressure in the ScHe circuit. Once a pressure over 2.3 bara is reached the
liquid helium becomes supercritical, existing only in the gas phase and thus the situation
is reversed: a temperature difference appears along the outlet pipe, betwen TT610 and
TT611, which means that the length of temperature variation increases, making dissapear
or reducing the presence of TAOs and thus reducing the amount of LHe that is evaporated.
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It is worth mentioning that this change of evaporation rate was not observed on
the first run, see figure 13. In that case the pressure in the ScHe was almost constant
independently of the status of the 4K tank, if it was being filled or not. The reasons are
yet unclear, ranging from that maybe the cryostat was less cold, or the 4K tank filling
was more efficient with the consequence that the 4K tank outlet was then less cold, to
the pressure of the ScHe being too low and thus not having enough helium to condense.

Figure 13: Overview of the temperatures along the coil at the outlet of the 4K tank and the pressures
of the ScHe in relation to the LHe evaporation from the 4K tank for run 1.

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, if we take for example the first value given in table 4,
FT580=1.06 m3/h, then for an operation point of 4.2 K and 1 bar the heat load into this
tank amounts to 1.20 W

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

ρL(4.2K, 1bar)− ρV(4.2K, 1bar)

= 2.94 x 10−4 m3

s
x 0.17

kg

m3
x 20.79

kJ

kg
x

125.4 kg/m3

(125.4− 16.5) kg/m3
= 1.20 W

(6)
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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.

9.1.2 At 2 K

In the case of the VCS operating at 2 K (31 mbar), for a flow FT551=4.05 m3/h, also
taken from table 4, the heat load into the VCS can be calculated via eq 5, giving a heat
load of 4.43 W

P = ṁvol ρ(293K, 1bar) LV(2K, 31mbar)
ρL(2K, 31mbar)

ρL(2K, 31mbar)− ρV(2K, 31mbar)

= 1.12 x 10−3 m3

s
x 0.17

kg

m3
x 23.05

kJ

kg
x

145.7 kg/m3

(145.7− 0.8) kg/m3
= 4.43 W

(7)

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 1st to the 2nd of December,
then we get

Figure 14: Dimensions of the 4K tank with the diameter and thickness circled in red while the level
decrease is outlined in blue.
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LT600 = 59.96% at 00 : 25h→ 30.10 cm

LT600 = 50.89% at 04 : 10h→ 25.55 cm

}
∆h = 4.55 cm in 3.75h (8)

According to figure 14, 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

ṁvol =
∆Vol

time
=
πr2∆h

t
= 1.88 x10−3 m3/h (9)

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 1.36 W of
power leaked into the 4K tank.

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

= 5.22 x 10−7 m3

s
x 125.4

kg

m3
x 20.79

kJ

kg
= 1.36 W (10)

9.2.2 At 2 K

In the case of the VCS operating at 2 K, 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) and the volume within
the inner cylinder of the cavity (since there is foam in this area) to the volume of the
VCS along the level difference, see figure 15 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 and the inner cylinder during the level drop are rectangles.

Figure 15: 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 with dots for the
long and the short sides and with lines for the inner cylinder area. 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 1st to the 2nd of December in
table 4, then we have
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LT671 = 24.90% at 00 : 25h→ 41.46 cm

LT671 = 23.64% at 04 : 10h→ 39.36 cm

}
∆h = 2.10 cm in 3.5 h (11)

So the volumetric flow is then

ṁvol =
∆Vol

time
=

VolVCS − 4 x (Vol short side
cavity + Vol long side

cavity )− Vol inner part
cavity

time

=
πr2VCS∆h− 4t∆h(a + b)− b∆hφcavity

time
= 3.61 x10−3 m3/h

(12)

And the power into the VCS when operating at 2 K amounts to 3.37 W

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

= 1.00 x 10−6 m3

s
x 145.7

kg

m3
x 23.05

kJ

kg
= 3.37 W (13)

9.3 Heat loads summary

A summary of the values obtained via the different methods for easier comparison is given
in table 5. For the 4K tank the values given by the flowmeter and the evaporation rate
are quite similar whereas for the VCS they differ by 1 W, all of them agreeing with the
values found for the last run.

Table 5: 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] 1.20 1.36 - -
VCS [W] - - 4.43 3.37

The reason for the 1 W difference can be explained by the fact that the flow of gas
measured by the flowmeter is the sum of helium evaporation and the increasing of the
helium gas temperature that fills the cold space above the LHe. 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.

Also, the values found at 2 K are not highly accurate since the flowmeter FT551 and
the level probe LT671 have an associated error. FT551 has a full scale of 160 m3/h,
so such a low value of 4 m3/h cannot be considered too accurate, and the level probe
LT671 has an error of± 8 mm, which for a level decrease of ca. 3 cm it also has an impact1.

1Accuracy for an AMI model 1700 LHe instrument is ±0.5% of active sensor length.
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As mentioned in the report from last run, 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. In this run the level is 5 cm higher than in the
past run, but still not high enough as to really have a significant impact on the total heat
load.

9.4 Heat Load wrt level

At the end of this run the evolution of the flow as the level decreased was recorded, as
shown in figure 16, together with other parameters like temperatures and pressures along
the outlet path. The reason for not having the evolution of the flow during the complete
LHe evaporation is because, unfortunately, the LN2 cooling was switched off already on
the 9th of December at 11:00h.

(a) (b)

(c) (d)

Figure 16: Values of the a) temperatures, b) levels, c) pressures sand d) flows during the evaporation
of the LHe present in the VCS at 4 K.

As mentioned in the past section, the lower the LHe level the lower the heat load, so
as the LHe decreases we should see a decrease in flow. However, as seen in figure 16(d)
this is not the case: there is a point where the flow FT581 is kept low but then is on the
rise during several hours before it decreases again. So far no explanation has been found
for such behaviour, and the paremeters do not show any immediate correlation to this
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phenomenon. It must be mentioned though that this behaviour has only been checked
during this run, and thus remains to be seen if it is reproducible or not in future tests.

10 Removal of the liquid Insert and cavity from the

VCS

After this run was finished, the liquid insert was taken out and the dummy cavity dis-
connected. The following was observed (pictures available in [20200120 Insert out of
VCS]:

a) TT660A was not properly attached.

b) The cable insulation from TT663 and TT665 was partially destroyed with the debris
close by (figure 17(a)).

c) EH661C was disconnected.

d) TT663 had a broken wire on the lemo connector.

e) TT669 had detached from the surface and was hanging by the cable (figure 17(b)).

f) The foam on top of the cavity moved vertically during the tests and got stuck in some
sensors’ labels (figure 17(c)).

(a) (b) (c)

Figure 17: Issues seen after the removal of the liquid insert a) lost insulation, b) TT669 detached and
c) foam inside the sensor label and status of the connector.

11 Conclusion

With the changes done for this tests we have seen the following: the time to cool down
from 300 K to 4 K and from 4 K to 2 K have been reduced by at least 3.5 h but we
still have some taconism that is quite noticeable at the bellow placed on top of FV582.
Whether this is the cause or the consequence of the taconism in the system is difficult
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to know. Also, under this configuration we only managed to lower the temperature
TT6006/TT616 (at the inlet of HX600) by 1 K compared to last run, but in fact the
lowest achieved values are quite similar. Apart from this, we have also observed that if
the ScHe circuit was on then we did not get to fill the 4K tank.

A possible explanation for not being able yet to cool down the HX might come from
the fact that the foam takes a very long time to cool, and since it is not under LHe a
proper cooldown could take very long times. Since the pumping line inside the VCS is
in contact with the foam, this might warm up the gas passing through this line. Future
tests should then include filling the cryostat with LHe as much as possible, keeping the
same amount of foam above the cavity so not so much LHe is needed.

An important finding from this runr has been that two conditions are needed in order
to have TAOs: LHe and a presure below 2.3 bar in the coil of the ScHe circuit. To know
the actual cause more tests are required, for example starting the 4K tank filling under
different conditions of the ScHe: with ScHe circuit empty, with a ScHe pressure lower
than 2.3 bara or higher than 2.3 bara.

For the next test, the following changes should be made:

a) Remove the extension of aluminium pumping line installed for this run. Extend the
piping line only a bit below the third thermal screen by a rigid SS or G10 pipe instead.

b) Add foam below and around the cavity to be tested to further reduce the amount of
LHe needed.

c) Block all foam so it cannot move (ρfoam < ρLHe).

d) For the bellow on top of FV582

i) Weld a rigid pipe on the inside of the bellow,

ii) Add silicone glue around the bellow to absorb the acoustic waves and reduce the
cutoff frequency of the bellow.
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A Pumpdown table

Conditions, frequencies of the 2K pumps DV and WH (Appendix B) and opening of the
butterfly valve CV582 used during the last pumpdown from 4 K to 2 K for this run for
a final pressure setpoint PT661L=31 mbar 2.

Condition DV [%] WH [%] CV582 [%]

Lubricate bearings (10’) 100 100 0
Before pumping 10 0 0
PT661L=1000 mbar 10 0 0.1

if FT551 ≤ 55 m3/h

20 0 0.1
30 0 0.1
40 0 0.1
50 0 0.1
60 0 0.1
70 0 0.1
80 0 0.1
90 0 0.1

100 0 0.1
100 10 0.1
100 20 0.1
100 30 0.1
100 40 0.1
100 50 0.1
100 60 0.1

PT661L ≤

600 mbar 100 60 2
540 mbar 100 60 3
500 mbar 100 60 4
480 mbar 100 60 5
450 mbar 100 60 6
400 mbar 100 60 7
350 mbar 100 60 8
300 mbar 100 60 9
250 mbar 100 60 10
200 mbar 100 60 11
190 mbar 100 60 12
183 mbar 100 60 13
153 mbar 100 60 14
142 mbar 100 60 15
131 mbar 100 60 16
124 mbar 100 60 17
117 mbar 100 60 18
113 mbar 100 60 19
90 mbar 100 60 20
88 mbar 100 60 21
80 mbar 100 60 22
75 mbar 100 60 23
67 mbar 100 60 24
65 mbar 100 60 25
60 mbar 100 60 26
56 mbar 100 60 27
50 mbar 100 60 28
49 mbar 100 60 29
46 mbar 100 60 30
44 mbar 100 60 31
42 mbar 100 60 32
40 mbar 100 60 33
39 mbar 100 60 34
36 mbar 100 60 35
35 mbar 100 60 36

2 Taken from http://freia.physics.uu.se/GERSEMIelog/show.jsp?dir=/2019/49/04.12&pos=2019-12-
04T10:52:24
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B 2K pumps’ frequencies

Corresponding frequencies of the individual pumps belonging to the DV and WH sets
depending on their global settings

IMPORTANT! The 2K pumps may not run for more than one hour if any individ-
ual pump has a frequency lower than or equal to 20 Hz.
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