Refrigerator Cryostats at BENSC
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The competion: Liquid Helium-cooled versus Refrigerator-cooled

The marking: Measurements of T, & T, & P(T)and AT/ T, & T,(t)
Costs for Invest & Consum and Service & Personal

The winner is: A great variety of CCR-cryostats




Cooling power plots of two GM-CCR's at BENSC
(manufactured and delivered in 2004)
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Cooling curves T,(t) with minimum load
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Example 1

SHI CCR in ORANGE-body
HMI-BENSC



SHI RDK-205 with OS-OVC for T=3.5K ... 400 K
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Comparison of cool-down ORANGE vs. CCR
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Example 2

SHI Pulsetube Refrigerator
plus 3He sorption stage
Ol Heliox AC-V



Ol Heliox / SHI-PTR with 39 stage 3He sorption system

T=03K..325K




Cool-down and minimum temperature performance
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Performance of temperature regulationat T=04K ... 2K
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Example 3

CCR plus J/T-stage
3.1: ARS/ILL - “He
3.2: SHI / HMI - “He or 3He
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Gas-Handling-System | Closed-Cycle Kryostatl
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Minimum temperature performance
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ARS DE-202 with 4He-J/T as 3'd stage

Delivered July 2006 for HMI's diffraction instrument MAGS
at synchrotron beamline (BESSY)
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Performance at low temperature

Temperature (K)

Cool-down of ARS-CCR DE-202 with J/T-stage I

300

L] 1

L] 1

L]

200 N
N

100 \
80

60

*He @ 20 bar
‘He @ 10 bar

Injection gas @ pressure

40

20

X
v

=
H O 00O

/
/

[L7K =T 16k

08—

0,6

30

10

|_\
Pumping pressure (mbar)

0,1

Min. temperature of ARS-CCR DE-202 with *He in J/T-stage l

Temperature (K)

12 12
11 11
1,0 10
09 e 11N 9
~ 08 Liquid*He |{ 8
X Single| ['[0.75 K‘ boiling in
o 0,7 shot 3min| pumping line[ 7
o}
g 06 | 6
g 05 . um 5 &
Q. 1 / T o
E 0,4 }' et 4 £
03} [ 3 3
Vv
0,2 2
0,1 1
0,0 0
7 8 9 10 11
Time (h)
\ ARS-CCR DE-202 with *He in J/T stage I
100 —®w 10
B
Qo
— £
= ‘B | <
£ o
. T / o
(0] . .
2 10 } !4He-gas injection pressure | 1 3
8 ‘\ } 1 §
o A — \ A s
[ /|
S pceva] A g
o / A Al o
H p. =0 bar o
| [Pn” 72|
1 I a 01
1 2 3 4 5 6 780910 20 30




Example 4

2:

4.1: TransMIT Stirling Refrigerator
TransMIT Pulstube Refrigerator
HMI-BENSC

also - Sun Power, Air Liquide, ...
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TransMIT PTR with 0
SANS gas adsorption cell
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Refrigerator cryostats

-performance in beamline experiments —

T-range low: 325K 2 25K = 1.4 K (*He) < 0.3 K (°He)

T-range high: 4K - 600K ... 800 K

T-regulation & AT-stability: within LS-340 quality

Cooling power: ~500gin 1 hwithCCRof~1W @ 4K

CCR or PTR: PTR vibrations are smoother;
Temps lower < “He: 2.2 K and He: 1.3 K !l



Finis



Pressure — Enthalpy — Diagram
3He (CP: 3,3 K /1 bar)

‘He (CP: 5,2 K / 2 bar)
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Vapor pressure Latent heat
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p~1mbar: T~12Kbzw.0,6K AV/At ~104mol/s > P, ~5...10 mW




Gas flow trough 3 types of J/T-valves
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2. Schild
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Design J/T-stage and LHe-chamber Design of needle valve
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Cooling power of J/T-stage

with different flow
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PID-controled temperatures AT/ T,<0,1 % witht<1...5 min
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