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TheThe competioncompetion:: Liquid Liquid HeliumHelium--cooledcooled versusversus RefrigeratorRefrigerator--cooledcooled

TheThe markingmarking:: MeasurementsMeasurements of  of  TTminmin && TTmaxmax && P(T) andP(T) and ∆∆T / TT / Too && TToo(t(t))

CostsCosts forfor Invest Invest && ConsumConsum and Service and Service && PersonalPersonal

TheThe winnerwinner isis:: A A greatgreat varietyvariety of of CCRCCR--cryostatscryostats



CoolingCooling powerpower plotsplots of of twotwo GMGM--CCRCCR‘‘ss at BENSCat BENSC
((manufacturedmanufactured and and delivereddelivered in 2004)in 2004)
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CoolingCooling curvescurves TToo(t(t) ) withwith minimumminimum loadload
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ExampleExample 11

SHI CCR in SHI CCR in ORANGEORANGE--bodybody

HMIHMI--BENSCBENSC



SHI RDKSHI RDK--205 205 withwith OSOS--OVC OVC forfor T = 3.5 K T = 3.5 K …… 400 K400 K

2nd 2nd stagestage

3 K3 K
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ComparisonComparison of of coolcool--downdown ORANGE vs. CCRORANGE vs. CCR

1,47 K

0 1 2 3 4
1

2

4

6
8

10

20

40

60
80

100

200  Regulation
 Sample

Sumitomo
RDK-205-D

Orange
Kryostat  

 
Te

m
pe

ra
tu

re
  [

K
]

Time  [h]

300



ExampleExample 22

SHI SHI PulsetubePulsetube RefrigeratorRefrigerator

plus plus 33He He sorptionsorption stagestage

OI OI HelioxHeliox ACAC--VV



OI Heliox / SHI-PTR with 3rd stage 3He sorption system

T = 0.3 K … 325 K



Cool-down and minimum temperature performance
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OI HelioxAC-V 3He Refrigerator
Run #4, January 13, 2006
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Performance of temperature regulation at T = 0.4 K … 2 K
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ExampleExample 33

CCR plus J/CCR plus J/TT--stagestage

3.1:3.1: ARS / ILL ARS / ILL 44HeHe

3.2:3.2: SHI / HMI SHI / HMI 44He He oror 33HeHe
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HMI HMI diplomadiploma thesisthesis (2005)(2005)
-- Bastian Bastian KlemkeKlemke
-- SHI RDKSHI RDK--205 + 205 + 33HeHe--JTJT
-- 0.7 K on 0.7 K on nn--diffractometerdiffractometer

ARS & ILL ARS & ILL coco--opop. (2004). (2004)
-- DEDE--202 + 202 + 44HeHe--JTJT
-- 1,7 K in 61,7 K in 6--circle circle goniomgoniom..
-- 50.000 50.000 €€
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Minimum temperature performance

7 9 11 13 15 17 19 21 23 25 270,6

1

2

3

3,6
~ 3,0 K ~ 2,9 K

0,73 K

1,35 K 1,26 K

0,67 K

CCR 2. Stufe

3He

4He

 

 
Te

m
pe

ra
tu

r [
K]

Zeit [h]



ARS DE-202 with 4He-J/T as 3rd stage
Delivered July 2006 for HMI‘s diffraction instrument MAGS

at synchrotron beamline (BESSY)

Be-domes
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ExampleExample 44

4.1:4.1: TransMITTransMIT Stirling RefrigeratorStirling Refrigerator

4.2:4.2: TransMITTransMIT Pulstube RefrigeratorPulstube Refrigerator

HMIHMI--BENSCBENSC

also also Sun Power, Air Liquide, Sun Power, Air Liquide, ……



TransMIT Stirlingmotor
SANS 10 kHz AC magnet
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TransMIT PTR with
SANS gas adsorption cell
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Refrigerator Refrigerator cryostatscryostats

--performanceperformance in in beamlinebeamline experimentsexperiments ––

TT--rangerange lowlow:: 325 K 325 K 2.5 K 2.5 K 1.4 K (1.4 K (44He) He) 0.3 K (0.3 K (33He)He)

TT--rangerange high:high: 4 K 4 K 600 K 600 K …… 800 K800 K

TT--regulationregulation && ∆∆TT--stabilitystability:: withinwithin LSLS--340 340 qualityquality

CoolingCooling powerpower:: ~500 g in 1 h ~500 g in 1 h withwith CCR of CCR of ~1 W @ 4 K~1 W @ 4 K

CCR CCR oror PTR:PTR: PTR PTR vibrationsvibrations areare smoothersmoother;;
TempsTemps lowerlower 44He: 2.2 K and He: 2.2 K and 33He: 1.3 K !!!He: 1.3 K !!!



FinisFinis



PressurePressure –– EnthalpyEnthalpy –– Diagram   Diagram   
33He (CP: 3,3 K / 1 bar)                He (CP: 3,3 K / 1 bar)                44He (CP: 5,2 K / 2 bar)He (CP: 5,2 K / 2 bar)
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1 mbar

p ~ 1 mbar: T ~ 1,2 K bzw. 0,6 K            ∆V/∆t ~10-4 mol/s PL ~ 5 …10 mW



Gas Gas flowflow troughtrough 3 3 typestypes of J/of J/TT--valvesvalves

0,2 1 10
2x10-7

10-6

10-5

10-4

10-3
2x10-3

Kapillare mit Draht

Düse

Nadelventil

Kapillare nach HPG

 

 

V
ol

um
en

st
ro

m
 [l

/s
]

Druck [bar]

d 

d 

d 

l

l

Viscous flow: ∆V/∆t = ∆p π R4 / 8 η L; Expansion of capillary: R = Ro (1 + 3.10-3 ∆p)



V2V3

V4

V5
V6

Pniedrig

Pmittel

Scroll-
pumpe

Membran-
kompressor

Durchfluss-
messgerät

V1



Kaltkopf 2. Stufe
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Design J/Design J/TT--stagestage and and LHeLHe--chamberchamber Design of Design of needleneedle valvevalve
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CoolingCooling powerpower of J/of J/TT--stagestage
withwith different different flowflow
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PIDPID--controledcontroled temperaturestemperatures ∆∆T / TT / Too < 0,1 % < 0,1 % withwith ττ < 1 < 1 …… 5 min5 min
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