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_ “‘missing link™: He-3 circulator pump

He-3 pump requirements

Circulation rate:

Suction pressure:
Outlet pressure:

Lifetime:
Mass (incl. electronics) :
Heat sink available:

Max. pressure at 300 K:

(20 umol/s assumed in study)

10 — 30 ymol/s

S mbar

200 mbar

5-10 years

<3 kg

100 mWat 15K
+2-5mWat1.7K

20 bar

Vibration levels: 20 g
T <50mK 1st resonance freq. >100 Hz
Closed-Cycle Dilution Refrigerator Input power. <30W
Presented by Gerard Vermeulen
EMSE CEC June/July 2015 H.J.M. ter Brake UNIVERSITY OF TWENTE.
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Ps pL 4.5 K helium cooler (CEC 2007)
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= | 14.5 K hydrogen cooler (CEC 2013)
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- ﬁ Sorption pump + check valves
Pow N heh Buffers for storing
ﬁ\ gas at 300K;

thermal Two buffers +
g link to restriction to dampen
& 15 K peak in out flow

2 bufferseach 1 liter

Pheater 80 ml

carbon-filled

T-controled low-
pressure buffer for

W stabilizing flow
r (without T-control,
2 flow varies ca.10%)
Aa
v‘a‘

== EMSE CEC June/July 2015 H.J.M. ter Brake UNIVERSITY OF TWENTE.



-«

r

\:‘% Check valves: requirements £\ /\fr yyam uaue |

COOLL

Sorption pump + check valves

plow 4(__*\) (@%_ phigh
N— \_/
thermal
link to /A

15K/

Pheater 80 ml

carbon-filled

2 buffers each 1 liter

Check valves:

Forward pressure drop: < 0.5 mbar (in 5 mbar suction valve)

Reverse leakage flow: < 1% of forward flow

EMS/K
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Sine vibration test

Frequency bandwidth: ............ from 5 to 100 Hz

Amplitude: o, 24 mm (peak to peak) from 5 to 20.5 Hz
20 g from 20.5 to 60 Hz
8 g from 60 to 100 Hz

SWEEP Tate! .ocvvvrecreceeree e 2 oct/min

Number of sweep:.....cccovvveeeee. 1

Number of axes:.....ccovervevernne. X on specimen n°2

{ Y on specimen n°7

‘% Robust Random Vibration Test

Frequency bandwidth: ............ from 20 to 2000 Hz
Amplitudes: .. see table below
Duration: ..., 2 minutes 30
Number of axes:........ccocoveeeen. X on specimen n°2

Y on specimen n°7

Frequency (Hz) Amplitude (g*/Hz)
20 0.016
80 0.26
500 0.26 \
2000 0.065 Radial load
Overall level 17 8 s '

CEC June/July 2015 H.J.M. ter Brake UNIVERSITY OF TWENTE.




A}‘s Check valves: leak test at 77 K before (open symbols) and after shaking (closed)

4\‘ ﬁ 3 Assembly 7@77K (02-09-2013) 600
25 4 o - - 500
L 2
+ BWdm (pg/s) p+
2 -1'9--’ ---------------------------------------- [ Sdmrtig/s) g = 400
|
. . . 1| ®h(nm)p+
ﬁ\ @ | < opening height =1 Db S
\ O 5 I <o > F30 = &
3. | = (i
E : ¢ * * Z
g E I *s o & , ¢
o) . *
4 ! ! ¢ 200
| [ |
| - O
0.5 - I.] m M g L HO - 100
] —
= i leak flow rate 0
'-' 0 0 02 ol.a 0‘.6 ol.s 1 1‘.2 1I.4 1‘.6 1I.8 2 zl.z zl.a z‘.a 28
ol ' Ap (bar) '
gapheight (nm) flowrate @ 15K (ug/s) % forw flow (60 ug/s) @ 15K
Seat # Flap # min nom max min nom max min nom max
Assembly 7 @ 77K 7 204 400 494 0.1 0.6 1.1 0.2% 1.0% 1.8%
Assembly 9 @ 77K 8 302 415 445 0.3 0.7 0.8 0.5% 1.1% 1.4%
Assembly 4 @ 77K 3 293 410 656 0.3 0.7 2.5 0.4% 1.1% 4.1%
v”g [ |
' &
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ﬂ Carbon cell length 10 cm. Carbon pill diameter 9 mm, gap 2 mm (no gas-gap heat switch!)
Pressure drop in cell and tubing (< 0.1 mbar); spacing between carbon pills
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lg . o
Lscis controlled so py;,,=200mBar on average (sorption Cha.rlaCte“EIt'CS
Each cycle has a specific ¢ similar to He3)
: 4 valve pressure sensor : 7777777777777777777777777777777777777777777777777777777777
i —i— safety relief valve ay  heater : :
:\ i —— soft-copper cut-off tube . temperature sensor | ‘:
3 : —p— check valve E thermal link E ____________________________________________ i
¥ i massflow controller [l Swagelok filter 0.5 um ! pL buffer piatform ! " pH buffer piatorm : T B e e :i
i = restriction [1  Swagelok filter 2 um ! ! i i '3 i ﬁ E i
a8 et ] BEE § 8] -~ 5 o]
| B e — 11 3 | = !
! 0 A0 A Ao | D] || EReTEEC (s el =l ]
| /X 5e S
i () g I:IT N OF i
E 100 mb: o 13 25m,| E
i 1 . 2 350" Tmbar E I ;Tj
e | 1
yf e 5 L T
‘\ C" | pump line to cell : :" radiation shield : 50 - 80 K (with vacuum belljar around )
LI I » (will be removed) . ! jar arou

2 °""I___b_\}\_/_ﬁfé_s_éijfé_éfé_biii_z_éﬁiin at 5 mbar (optional)
v+ * Only outputis mass flow
AR * FOM for performance is mass flow/input powers
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1A Test results of sorption pump /VEe pyAr vauie (2

)‘dd Nominal setting with control of p,,,

Power Compressor (W) /\ High pressure compressor side (mbar)
5 e a 300 71 y
4 280 N~
3 260 \\
2 240
1 220
0 200 T T T T T
85 85,5 86 86,5 87 87,49 87,59 87,69 87,79 87,89 87,99
Time (hours) Time (hours)
High pressure (mBar) Low pressure (mBar)
210 5,2
5,1 ‘h 4 rl
205 s ’ 1 | ]
200 r%gvgﬁ ao u’
195 4,8
4,7
. 190 ' ' ' ‘ 4,6 ‘ ‘ . .
.-' 85 85,5 86 86,5 87 85 85,5 26 86,5 87
Time (hours) Time (hours)
‘ Mass flow (pg/s) .
e * Peak heating power = 4.0W
w0 | * Heating time = 28s
W * Cycle time = 1800s
” *  Piw = 5 mbar (controlled through temperature
70 ‘ ' ' ‘ of low pressure buffer platform)
% 85 85,5 86 86,5 87
' Time (hours) *  Prign= 200 mbar (controlled by mass flow)
h—ﬁ'
. ‘
For

" EMSJx

CEC June/July 2015

H.J.M. ter Brake

UNIVERSITY OF TWENTE.




.cfé Test results of sorption pump

Joy

COOLL

Mﬂ A'R LIQUIDE

}Iug

P, varies 0.5 mbar

Power input doubles (60 to 120 mW)

Yes or No.... py,, control ??
Low pressure (mBar) Low pressure (mbar)
5,2 ‘
> ] / j
5

i —
4,8 5
47 l \_/ \_~ \_~ \_~

. . T ‘ 2,5

85 85,5 86 86,5 87 49 49,2 49,4 49,6 49,8 50 50,2 50,4 50,6 50,8 51
Time (hours) Time (hours)
With control: Without control:

P, Varies 1,3 mbar
Power input only for pump (60 mW)

N £
N QQXJ Q & S a&@ QX}\ & &éj
N &\ 9\\0 (@? NS 0.@\ Q}Q} Q@f S
\Q\E,\ \:? &Q @ o Q}\N\ q\&Q/ & &0&\ (JO@ QO\&\ Qo'é\
-\,9\ < Q*"‘V DS Q/\ W e <<°® QO.@ Q?QO q?‘}o
1. Nominal settings 1: reference | 1800 28| 4 5| 78,4|229-286| 0,059|0,121| 647| 1260 0% 0%
2. Nominal, no p_low control 1800 28| 4| 2,7-4] 72,6|238-292 0|0,062| 1167| 1167| +80%| -7%

What p,,,, variation is acceptable?

EMSJx
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M Test results of sorption pump Verification matrix
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Achieved

frequency : > 100
Hz

ID Requirement Short description Measured Value

F1 [Flow rate: 10-30 Measured by a Bronkhorst flow controller at room temperature using |19.6 umol/s v
umol/s He-4.

F2 |[Low pressure 5-10 [Measured at room temperature by a MKS pressure transduces with a | Control at 5 mbar v
mbar range of 100 mbar. Can be controlled to stable pressure by controlling | gives fluctuations of

the buffer temperature, accepting extra input power 4.6-5.1 mbar
F3 |High pressure: 200 |Measured at room temperature by a UNIK 5000 pressure sensor with [ 200 mbar v
mbar a range of 350 mbar and improved accuracy (controlled)
| F4 | Flow stability +/- 10 | Mass flow sensor at room temperature 75-81 pg/s, is within v

% 10%

F5 [External leak rate : [Helium leak test Tested and achieved v
< 10 mbarlL/s

F6 |Outgassing: low Design requirement v

S1 [Life time: 5-10 No experiment, analysis only 4
years

S2 |Mass: < 3kg Mass measured on component level 5.9 kg mostly buffers NA

T3a | Heat sink Cryogenic temperature sensor in feedback loop, also higher 15 K controlled v

2 temperature: 15 K [temperatures possible.

T3b | Heat rejection at Heater power to control low pressure buffer platform and the heater | 121 mW close
15K: <100 mW power to the compressor will be measured and added.

T5 | Non-operating Design requirement only v
temperature: 223-
323K

M1 [Pressure at 300 K: [Filling pressure will be around 12 bar and filled mass will be 9.0 bar v
< 20 bar measured

M2 | Vibration levels: 20g | Design requirement, no measurements v
(Ariane 5 spectrum)

M4 | Minimum pressure : | Design requirement, intrinsically tested v
0 bar (abs)

M5 | First resonance Design requirement, no measurements v
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Conclusions

« Pump delivers 19.6 pmol/s between 5 and 200 mbar

* Requirement on low-pressure stabilization is critically important

« Sensitivity analyses shows that only a higher low pressure increases
pump performance (higher filling pressure)

Future activities

* Interfacing with dilution refrigerator (requirement on p,,.,)
Run with He-3

Low-pressure buffer heater in the carbon (more direct control)
Reduce peak heat load to heat-sink platform

Analyze attainable reduction in size and mass
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