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Outline

> Brief introduction about tanks in accidental situation

» Theorical works of the CEA/DSBT in this field:

- Article Tl « Safety in cryogenics »
- Main differences between the Tl article and the standard ISO 21013-3

- Sizing software designed by DSBT
- European Standard CEN-TC268 WG6
Helium cryostats — Protection against excessive pressure

» Experimental work of the DSBT:

- Quantification of the heat flux in supercritical helium during a brutal
loss of vaccum
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ACCIDENTAL OVERPRESSURE OF A RESERVOIR EE'}LZSZ%IS
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Expected phenomenon: e —

Pressure rise and explosion of the tank or
enclosure (see both!). 1 litre of cryogenic
fluid ~ 800 litres at normal P and T gas

Impact :

Physical and material damage !

~

Expansion work, provided during the explosion of a tank of 10L from 17 bar

tolbar=5,2gof TNT
At 2 metres overpressure of 0,15 bar, destruction of the eardrums, windows,

doors.....

ABSOLUT NECESSITY TO EQUIP THE FACILITIES AGAINST OVERPRESSURE AND TO SIZE
CORRECTLY THE SAFETY DEVICES
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Article Tl « Safety in cryogenics BE 9814 » !

edited in April 2015
17 pages, 3 chapters, written by CEA/Inac/Irfu and edited by « Les Techniques de I'Ingénieur T.I »

http://www.techniques-ingenieur.fr/base-documentaire/environnement-securite-th5/securite-par-secteur-d-activite-et-
par-technologie-42159210/securite-en-cryogenie-be9814

Structure of the article:

1. Conventional safety in cryogenics and B s o cryogénie

operation
por Eric ERCOLANI B "j‘:_":"’;j’;‘:‘;’,_'mﬁ.m,‘..
2. Accidental heat inputs T A
2.1 Objective e
2.2 Systems to be protected N
2.3 Accident situations and heat inputs ! H :
\;‘.: .
3. Method for sizing the safety device i

A useful
cryogeni .
any situation causm.g ac
English version available
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g i 4 des

a-2m8

organe de Isoupape.
pregsion. En Fabsence d'organes de sécuritd. l'appareil sous pression pout

|
|

l Copvrgh! © - Techmigues de ['nganiess - laus GD28 19serves BE9S 814
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The fundamental parameters to determine |
the cross section A of the safety device i Alpes

Temperature \¢/

UNIVERSITE

A

Absolute 1
pressure

Pseur | : _______________________________________________ Tecne mo v \

<.i:
¢

tS?EUIL Tlme k j

First thermodynamic law for an open system:
d(myu) — hdmg, = Qdt
Q
v(@)P A= f(Po»mo(Q))
0

Loss of insulating vacuum
c? Leak of cryogenic fluid

Quench

Power failure .......

m():

v
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CZa  Mass flowrate ni, in subcritical discharge (P < P¢c) |k
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Thermodynamic quality: Mass flow rate:
UV = Visato :
o Vysato — Visato ‘rfLO = Q y T \\/
Enthalpy of mixture v (g_h) o XM
h =x.Rhysqe0 + (1 — x). hygaeo v Fo /PO v \

(5),, = )
V| — = 7.
dv P, Vysato — Visato

LPO = hvsatO _hlsatO : Latent heat at PO

flo
L

\_

Visato Specific volume of liquid and vapour at K
Vysato saturation pressure P

Choose of v ?
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Discharge of LHe tank at subcritical pressure
cea : g :

— (P = 2 bars < P.)

A sufficient cross section of the safety device to ensure the limitation of pressure at P,
during the entire transient discharge

0.05
> A/Q calculated at PO and v, = v,
SN
E 0.04 |
€
s 003 A/Q calculated at PO and v,
o .
Q.
E ,
5 002 |- i0'/
Q
c
=
@ 001 |
§ Two-phase
o
0 1 1 1 1
0 Visato 0.02 Vusato 0.04 0.06 0.08
Specific volume (m3/kg)
Proposition CEA-DSBT Article TI Standard 1SO 21013-3
. Q Vysato — Visato . Q vsato — Vlsato
mo —_ mO = h
Visato hivo vsato o

\
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Discharge of LHe tank at subcritical pressure
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(PO = 2 baTS < PC) £ Alpes

Helium P-V diagram

4 T=4 —T=4,2
—T=4,7 —T=5
35 L ——T=15,026 —T=5,2
—T=5,5 T=6
3 F = Saturated line
e
© 2.5
2
2
g 3
a 1.5
7
g
o
0.5
0
0 0.01 0.02 0.03

Specific volume (m3/kg)

1: tank filled to 90% at atmospheric pressure
Accidental situation:

1-2: isochoric transformation until the discharge pressure P, at 2 bar
2: tank with subcooled liquid

2’: tank with liquid at saturation

2’-3: discharge at isobaric pressure Py (subcooled liquid, two phase fluid, vapour)
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Cea  Ssupercritical discharge for He tank (P = 4 bars > P) | B

Standard 1ISO 21013-3

~ (oh Jv
h' = E Cross section is maximum when the function N is maximum
PO'TO U (%)
Py

This corresponds for a particular temperature T’y and a specific volume v,

0.014
S A/Q calculated at PO and T,
T 5 Proposition CEA DSBT Article TI
0.012 | !
Lf, ; A/Q calculated a PO and T,
o : —
c;> 001 - 5 Tevent - T(Vi; PO)
by : § v;, initial specific volume
5 i i
2 R = = T = max(T, T'y)
5 i = P echap»* 0
e} 1 Vv i : N\
S 0.006 INCHT o
3 i s | =g
g B N or v = max(v;, vy)
S 0.004 5 Vo i '
0 0.02 0.04 0.06 0.08

Specific volume (m3/kg)
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Homogeneous equilibrium model G B Crenabie
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Calculation of the minimum cross section A of the safety relief device:

m m Mass flow rate to discharge in kg/s

Gthroat X Kq Ginroatr Maximum mass flux in kg/ m?.s

Gthroat = Pthroat X \/ 2 X (hy — h¢proat)
Discharge coefficient, depends on the geometry

K, of the safety relief device and thermodynamic
state of the fluid at upstream

Isentropic expansion of flow in safety device considered as short nozzle

A

Ginroat Maximum mass flux in kg/m?.s
h; Mass enthapy upstream of the safety device J/kg 1
h m
Pinroat> Po sonicflow Vinroar = Vsound Piohy —+ Piroat P,

Piproar = P2 sub-sonic flow Vinroat < Vsouna f
Generic model

- Valid for all thermodynamic states of the fluid upstream of the safety device
- Takes into account the possible phase change of the fluid during the expansion

EASITrain Minatec Grenoble E.ERCOLANI 4th October



FROM RESEARCH T0 INDUSTRY

Cce2y Asizing software designed by the DSBT for engineers

¢ Grenoble

After the accidental analysis (risk assessment) performed by the designer.......

* Asizing software according to the article « Safety in cryogenics » to avoid errors
* Interface « user friendly »

|| Fichier Aide

Réservoir [Enceinte I Graphiques?

Caractéristiques du réservoir Conditions de fonctionnement dans l'enceinte

Fluide contenu dans le réservoir Hélium ~ P max admissible (relative / P3) de I'enceinte (PS Enc.) 0.5

Pression maximale (relative / Pexti) admissible (PS) 4 Pression absolue extérieure de 'enceinte (Pext Enc.) 1 |
Zone de rejet du dispositif de protection

ATTENTION, cela doit étre cohérent avec le calcul de l'enceinte
@ Dans l'enceinte © En zone chaude

Conditions de fonctionnement en situation accidentelle
Pression absolue extérieure du réservoir (vide) (Pext) ¢
DP dans la tuyauterie en amont de la soupape (DP1) ¢

Type de dispositif de protection
© Disque de rupture et clapet @ Soupape  Kd: 0.8

Caractéristiques de la ligne de décharge (dans le vide) Pression absolue & I'aval de la soupape (P3)
& extérieur 20 Flux de chaleur (W/mm?) 0,038 DP dans la tuyauterie en aval de la soupape (DP2) 0 .
Longueur 1000 Temp. avant sortie du vide (T1v) - Apport de chaleur (W) 10000 RéSel:'VOlI'
[ Prise en compte de la partie interne de la ligne dans le calcul Température au moment de la rupture du disque (TO) Hélium
Sl ious i B bomrmedtrad Tesiicnl Débit pour A maxi (diffent du débit max) P;, Ty, Po, Ty
Pression absolue a l'intérieur du réservoir (Pi) 1 Fcl}auffement enirele résefv'ou: etz sonpape
Pression absolue extérieure au réservoir (vide) (Pexti) o © Non © Oui P... P
Pression absolue a I'aval immédiat de la soupape (P2i) ¢ Température 4 I'amont immédiat de la soupape k extiy & ext )
Température du fluide (Ti) 420814 (sera imposée > TO ou T1v si nécessaire) (T1) 7.00194
Etat du fluide Coefficient de majoration de la section (> 1) 15
© Liquide saturé O Autre
AVERTISSEMENTS
Niveau de liquide maxi dans le réservoir (% volume) 100
Unités
Pression en bar Température en K
Dimensions en mm Débit en kg/s
Résultats
Pression de tarage maximum (PT) Pression au moment de I'accident (P0) Section soupape (A) Diamétre soupape

Fichier de données

D:'Mes documents'Calcul'exploitation'données'Soupape TI test.don

[ Quitter ] [ Calcul soupape ] [ Ecriture résultats ] [ Résultats
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Sizing results

Gaz utilisé : Hélium
Type de systeme a protéger :  RESERVOIR
Zone de rejet du dispositif de protection : Dans 1l'enceinte
Type de dispositif de protection : Disque de rupture
Pression maximale admissible (PS) 4
Conditions de fonctionnement avant 1'accident
Pression abs. dans le réservoir (P1i) 1
Pression abs. extérieure au réservoir (Pexti) 0
Pres. abs. a l1l'aval immédiat de la soupape (P21i) 0
Température du fluide (Ti) : 4,20814
Niveau de liquide MAXIMUM (% du volume) 100
Conditions de fonctionnement en situation accidentelle
Pression abs. extérieure au réservoir (Pext) 0
DP dans la tuyauterie amont de la soupape (DP1) 0,1
ATTENTION : DP tuyauterie amont (DP1l) > 3% de PT 0,1 > 0,075
DP dans la tuyauterie aval de la soupape (DP2) 0
Apports de chaleur (W) 10000
Echauffement entre le réservoir et la soupape Non
Température du réservoir (TO0) : 6,96703
Température amont immédiat de la soupape (T1) : 6,96703
Pression de tarage maximum (PT) 2,5
Pression abs. dans le réservoir (PO) 4,4
Pres. abs. a l'amont immédiat de la soupape (P1) 4,3
Pres. abs. a l'aval immédiat de la soupape (P2) 1,55
Débit (m) : 0,41423
Dimensions de la soupape et grandeurs servant au calcul
Coefficient de décharge de 1l'organe (Kd) 0,8
Coefficient de majoration de la section : 1,5
Section de l'organe de sécurité (A) : 222,318
Diamétre de la soupape (D) : 16,8245
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Cea European Standard and H2020 AMICI project | - B Grenobie
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» European Standard CEN-TC268 WG6 for the protection of
the helium cryostats against excessive pressure

Organisations contributing:

Karlsruher Institut flr Technologie

PAUL SCHERRER INSTITUT
lJ_'_

Publication of the Standard planned for 2020

|
AIR LIQUIDE
|

» H2020 AMICI project coordinator CEA-IRFU QNI

Accelerator and Magnet Infrastructure for Cooperation and Innovation

Workpackage 5.4: Harmonization- Standardisation Activities on Safety of Liquid
helium cryostat
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The current standard ISO 21013-3

Significant differences from Tl Article BE 9814

1. The calculation of the mass flow rate m during a subcritical discharge
at a pressure P,

ISO 21013-3: Monophasic vapor discharge at saturation at the pressure P,

=== [ |: Monophasic liquid discharge at saturation at the pressure P,

2. The calculation of the cross section A

ISO 21013-3: Equation of compressible single phase fluid without change
phase during the expansion in the safety device

=== [ |: Homogeneous equilibrium model G
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Quantification of heat flux in supercritical helium !

Loss of vacuum vessel

Super critical discharge pressure

Fast opening valve
.. 13 m3, GN2 or Ghe,
300K,1.2bar abs R
DN50 { Helium tank }

Vi

> Pressure sensors

Reservoir LHe
10 liters

Temperature

I

> = sensors

Vacuum
chamber —

Test parameters:

* Initial mass inventory of the reservoir

* Nature of the gas responsible (GN,, GHe, Air)
for the loss of vacuum

* Number of layers of MLI

Reservoir LHe Reservoir LHe
without MLI with MLI

. | PAGE 15
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Experimental results

Tank without multi layers isolation

> Loss of vacuum with GN,

Heat Flux: 1,85 W/cm? (KIT: 1,4 W/cm2, comparison to the Safety Seminar

organised by CERN in September 2016)
Lehman’s tests in 1980 in film ebullition at atmospheric pressure: 3,8 W/cm?

Remark: mechanically size the systems He to be protected for the maximum
possible pressure (> 2,2 bars) to minimize the size of the safety device.

Even more in a restricted environment...

> Loss of vacuum with air

Heat flux: 2W/cm? close value with GN2, condensation of steam water

> Loss of vacuum with GHe

Heat Flux: 0,15W/cm?2, much lower value, no condensation on the outside of
the tank
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Experimental results !

Tank with multi layers isolation

The heat flux depends on:

* the type of super isolation

e of the number of layers

e theinstallation ....influence of the operator

Difficulty in providing some reproducible values. It’s risky to give values.
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