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Helium cryostats - Protection against excessive pressure

Contents Page
EUropean fOr@WOId ......... ... es e ms e e e e e s e e mmn e e e e e s aa e ammnn e e e e s sa s nmnn e e e eeaaas 6
0 Yo 11T o) o 7
1 5 o o o - SRS 8
2 NOIrMAtive refEreNCEeS .......ooi i mn e e e e mmn e 8
3 Terms and defiNitionNs ... e 8
4 SYMDBOIS .. e 14
5 Process floW-Charts ... e 18
51 Process flow-chart concerning risk assessment and protection concepts ............cceecunees 18
5.2 Process flow-chart concerning scenario-specific dimensioning of helium circuit PRD ...... 20
6 RISK @SSE@SSMENL ... s s e 21
6.1 General information on risk @SSeSSMENt ...........occcciiiicecirirccr e 21
6.2 Sources of excessive pressure rise relevant for dimensioning ........cc.ccccovccmviieiiccccceceneennn. 21
6.2.1 Loss of insulating VaCuUmM ... e e e smn e s n s nmme e e e e s mmnns 21
6.2.2 Loss of beamline VaCUUM ... s smn e s s s smme e e e s mmnns 21
6.2.3 Quench of superconducting device .........ccccciiiiiiiin s —————— 21
6.2.4 Leak of cryodenic fluid ... ———— 22
6.2.5 Dielectric breakdOWN ... s 22
6.2.6 Entrapment of cryogenic fluid ... —— 22
6.3 Sources of excessive pressure rise to be mitigated ..........ccccciiiiiinn 22
6.3.1 Thermal acoustic 0SCIllation ... 22
6.3.2 L0 V0 o 10 14T o 1 o T 23
6.3.3 N1 =Y g = 11 11 ] 23
6.3.4 L T ] =K U] o -SSP 23
6.3.5 (== 3V SRR 23
6.3.6 = T 1 23
6.3.7 Other sources of EXCESSIVE PrESSUIE ........ccccciriiiiiiriinirr e 23
6.3.8 L T T F = 24
6.3.9 T - S PP S PPRR 24
6.4 00T 0110 L= o BE=TeT=T 4 F= g o X 24
6.5 Risk assessment before ordering .........cccccmmi s ————— 24
6.6 Risk assessment in the design phase ..........cccociiiinni e ——————— 25
7 Lo o3 L= o3 o o I oo ¢ Lo =Y o ] = 25
71 =Y =T - | 25
7.2 Single-stage protection CONCEPL ........oooiiiciiiiiiriiiirccccr e ss e s snnn e e e s nannn 25
7.3 Multi-stage protection CONCEPLS ......cccccceemiiiiiiiiicccecr e e ssms e nmne e e e e e s annns 26
7.31 171 4 =T - | 26
7.3.2 Pressure protection of high-pressure helium cryostats ..........cccccoiriicminiiiccccee, 27
7.3.3 Pressure protection of low-pressure helium cryostats ...........ccccciiriiciiiiiiccieee 27
7.3.4 Pressure protection of sub-atmospheric helium cryostats ............ccocenniiicnniiiicciceeen, 28
7.3.5 Pressure protection of He-ll cryostats ..........ccccciiiiiiniiinnir e 28
7.3.6 Pressure protection of ultra-low temperature refrigerator systems ..........ccccocivenriniiinninninen, 28
8 Dimensioning of pressure relief deViCes ..........ccccviieecirircecrrnrcre e e 28
8.1 Method for the dimensioning of pressure relief devices .........ccccovreecrrricecerncccceerr e 28



8.2 Calculation of the minimum discharge area ..........cccccceiiiniicnc 29
8.3 Calculation of the fluid state properties at relieving conditions ..........ccccccccmiiiiicniiniisenininns 29
8.3.1 Calculation of the relieving PreSSUre ... ——— 29
8.3.2 Calculation of the specific VOIUME ... e 30
8.4 Calculation of the relieving mass flow rate ...........cccvceeciriicccim e 32
8.4.1 (7= 1= - 1 32
8.4.2 Loss of insulating VacCUUM ... e s smn e 33
8.4.3 Loss of beamline VacCuUM ... e 33
8.4.4 Quench of a superconducting deViCe ... 34
8.4.5 Leak of cryogenic flUuid ........ .o e s nmnnes 37
8.4.6 Dielectric breakdOWN ......... .. mn e s smn e e mmn e e s nmnnns 38
8.4.7 Calculation of the specific enthalpy change ... 38
8.5 Calculation of the Mass flUX ... s 39
8.5.1 (€7 4 =T - T 39
8.5.2 Influence of upstream PIPEWOrK ... i 41
8.5.3 Influence of downstream PIPEWOTrK ... e e e e smnees 42
8.6 Calculation of the discharge coefficient ...........cccooiriicecrirccc e s 42
8.6.1 (7= 1= - | 42
8.6.2 Adaption of the discharge coefficient of PRV ..........coo oo sccsses e 43
8.7 Transfer liNe SYSTEMS ... e e s smn e e e e s s nmn e s e e e e e s amnnnnenenan 43
8.8 Dimensioning of vacuum vessel PRD .............. s sssssr s s sn s snss s e s s smnens 43
9 Pressure relief deViCes ... ssms s s s n e e nmnn s 44
9.1 7= 1T o 44
9.2 Pressure relief Valves ... e 44
9.3 BUrSting diSCS ...ciicieiiiiiiiiriirr i —————— 45
9.4 Combinations of pressure relief valves and bursting diSCs .........ccccucvimiiniisnniiseeen: 45
9.5 Magnetic pressure relief deVIiCes ... e 45
9.6 Pressure relief devices for insulating vacuum vessels ..........ccccvrircecmimrcccceennscsee s 45
9.7 Mechanical supports for pressure relief devices ... e 45
9.8 Materials for pressure relief deVICeS ... e snmenes 46
10 ST T3 = T T =Y =T T 46
10.1 7= 1T o 46
10.2 Discharge lines and discharge systems ..........ccccciiiinii 46
1 Operating, maintenance and inspection instructions ... 46
1.1 7= T o 46
11.2 Specific instructions to be included in the operating, maintenance and inspection
INSTIUCHIONS .. anmn e 47
Annex A (informative) Thermodynamic characteristics of helium ...........cccoerriricccrr s 48
AA = = [ 48
A.2 Process path during relieVing ... ———— 49
Annex B (informative) Additional information on risk assessment ..........ccccciiiiiiiiniis 52
B.1 Loss of insulating VacuUuM ... s s 52
B.2 Loss of beamline VaCUUM ... e s 54
B.3 Quench of superconducting deViCe ... ——— 54
B.3.1 L T=T 5 =T T R 54
B.3.2 P 1T T eTe Yo [T g T I o1 4 BT 1o Y- 56
B.4 Leak of cryogenic flUuid ........ .o cecr e e s e e nmnnes 57
B.4.1 L= 5 =T T 57
B.4.2 Leak-before-break behaviour ... 57
B.4.3 Material characteriStiCs ... e 57
B.4.4 Thermo-mechanical STreSs ... 58
B.5 Dielectric breakdOWN ......... ... 58
B.6 Thermal acoustic 0SCIllation ............ e 59
B.7 L07 V0 o W T 4T o T3 T 61
B.8 Qualitative risk asSeSSMENL .........cccciiiieeciiirccrr e e e ne e e e e s an e e anes 61

-2-



B.8.1 7= 1T - P 61
B.8.2 Probability [€Vel ... ——————— 64
B.8.3 SeVEIItY 1EVEI .. ———————————— 65
B.8.4 Criticality MatriX ....ccccooiiiiii i —————— 65
B.8.5 [ V40 ] o - 1 o [ 67
Annex C (informative) Protection CONCEPLS ........ccciriiieeciiiicceei e e 68
CA1 Single-stage protection CoONCept .........ooo i —————— 68
C.2 Multi-stage protection CONCEPLS ......ccccccemmiiriiiiiic e e smr e s smne e e e e s mnnns 69
Cc.21 7= 1T - P 69
C.2.2 Pressure protection of superconducting magnet systems ...........ccccrinriicniniiicnnneenn, 69
C.2.3 Pressure protection of superconducting radiofrequency cavities ............ccccuriimriniinniniinenn &l
C.24 Pressure protection of sub-atmospheric helium systems .........cccccovciiiiiicnnciceeee, 72
C.2.5 Pressure protection of He-ll Systems .........ccccoiiiiiiinninn 73
C.2.6 Pressure protection of ultra-low temperature refrigerator systems ..........ccccococcimricccennrcncen. 74
Annex D (informative) Dimensioning of pressure relief devices ..........cccciceoiiircccrrirceceesssce s 76
D.1 Equivalence between EN ISO 4126-7:2013/A1:2016/EN ISO 21013-3:2016 and D.276 D.2
Case-specific model for the dimensioning of pressure relief devices ..........cccoeecrrrririiiccinnns 80
D.2.1 7= 1T - P 80
D.2.2 Calculation of the minimum discharge area ...........cccccciiiniisic 80
D.2.3 Determination of the fluid velocCity ........ccccciviiiiiiii e ————— 80
D.2.4 Calculation of the discharge function ..........ccccoiiiicnic e ————— 81
D.3 Influence of upstream PIPEWOIrK ........... i 83
D.4 Coefficient of discharge .........cccoviiiici e ——————— 85
D.5 Exemplary calculations of the minimum flow area .........cccccccrirrecimrre e 85
D.5.1 Example 1 - Vertical He-l magnet cryostat ... 85
D.5.2 Example 1 with the influence of downstream PipeWork ........ccccoccccciciiiin s e 91
D.5.3 Example 2 - Superfluid He-ll cryostat protected by two PRD in series - Subcritical relief ...92
D.5.4 Example 3 - Superfluid He-ll cryostat protected by two PRD in series - Supercritical relief
......................................................................................................................................................... 99
Annex E (informative) Types of pressure relief devices ..o 106
E.1 Application Standards ... 106
E.2 Product standards ... e 107
E.2A1 PUrpose, Prer@qUISItes ........cccccciiiiiiiriririsisirrs s s ss s s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 107
E.2.2 Full-lift pressure relief Valves ... ssssr e s smne e e e s s e 109
E.2.3 Standard pressure relief Valves ...t 110
E.2.4 Proportional pressure relief ValVes .......ccccoooiiiccccciiiiiinicsccscsrse s s ssssse s s s e s ssmssse e s sssnssnnnns 110
E.2.5 Pilot-operated pressure relief valves ... s 110
E.2.6 Controlled pressure relief valves with an additional pneumatic load ...........cccccceernnnnnn. 111
E.2.7 PRV with magnetic actuation ... ———— 111
E.2.8 Specific cryogenic PRV features ... s 112
E.3 BUrsting diSCS ......ccoviiiiiiiiin i ———— 113
E.3.1 Functional characteristiCs ... s 113
E.3.2 Metal bursting diSCS .....cccciiiiiiiiiirr i ————————————— 113
E.3.3 Graphite bursting diSCS ........cccciiiiiii e —————————— 114
E.3.4 Long-term behaviour ... s 114
E.3.5 == Q= 1 =T 115
E.4 Pressure relief valve / bursting disc combinations ...........ccccccimiiiicccccrn s 115
E.5 Pressure relief devices for vacuum vessels .........ccccoiiiininisnnsns s 116
=70 o [T o - o )/ 117



		2026-04-17T03:18:37+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




