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Background Conclusions

Duringthe fill processof a cryogenictank, the tank wall is chilled down by the inflowing liquid hydrogenand vaporizationinducedhydrogengas The = % In GRfill processesthe chilkdown behaviorof the tankis controlled by the combinedactionbetweenthe inflowing forced convectionand
multiple heat transfer typesimposedon the tank wall at different phasesof the fill processresultin a non-uniform temperature distribution alongthe gasfree convectionalongthe tank wall, whoseintensitieschangewith the inflow rate.
axis, which causesthe emergenceof thermal stresswithin the tank wall. The tank undergoesdifferent chillFdown behaviorsunder different filling x InLHfill processesthe chil-down behaviorof the tankis dominatedby phasechangeand gasfree convectionalongthe wall.
proceduresyesultingin distinctthermal stressdistributions x Duringthe GH fill processthermal stressesoncentrateat the two ports underthree different restrictingconditions

Objec’[ives x Duringthe LI fill processthe tank is subjectedto a significantthermal stresswithin the bottom elliptic headin the former 400 s of the

whole fill processunder an inflow rate of 7.5 kg/s, and the maximumthermal stressesappearat regionsin contactwith LH2 within the

x  Chilkdown characteristicof the tank duringGH2 and L fill processesinder different inflow rates former 20 s andthosein contactwith the liquid-gasinterfacein the following time.

x Evolutionsof thermal stressdistributionswithin the tank wall during GH2 and LH fill processesinder specificrestrictingconditions

CFD Method Finite Element Method

Twodimensionalaxisymmetrianodelis employed The tank wall region within a
GH fill process speciestransport model to representthe | circumferential interval of 1
mixingbetweenGH and GHe degreeis modeled

Structural Parameters Filling Conditions

Cylindricakection 8.5 m in diameter, GHZ_ f'_”_ proces§§s | | |
0.09m in height initial conditions 300K,0.11 MPa filled with pure helium

Ellipticheaders aspectratio 1.6 !”ﬂOW temperature 25.02
Tankwall 4 mmin thickness Inflow rates 1 kg/s, 2 kg/s,3 kg/s,4 kg/s

Insulation 35 mm in thickness the ventingvalveis kept closedbeforethe pressurereached.322 MPa
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LH2 fill processes

Initial conditions 300K, 0.11 MPa filled with pure hydrogen

Inflow temperature 19.65 K (2 K under saturation temperature of
0.11 MP3g

Methods

T

Restrictingconditionsat the inlet and outlet: radiallyfree, rigid

K : Inflow rates 5kg/s, 7.5 kg/s,10kg/s,12.5 kg/s | andelastic
¥ o e Theventvalvelis kept openthroughoutthe fill process andcondensation
Chilkdown Characteristics of the tank Evolutions of Thermal Stress Distribution
X Thermal stresses at inlet and outlet are affected by
the type of restricting conditions as well as local
< temperature distributions.
Radially rigid restricting condition causes largest
thermal stress.
. . . . - Temperatureand flow field at 20 s during GH fill processes(a) 1
Timehistoriesof the wall temperatureduring GH fill processes(a) 1 kg/s, (b) 2 kg/s, (¢) avera _ _ o . . . . . . .
telmpe;aturle " PEATHTEEHING n P (@) Lkgls (b) 2 kgis (c)average, s (b) 2 kg/s. Timehistoriesof thermal stressunder different restrictingconditionsduring G fill process(2 kg/s):(a) radiallyfree; (b) rigid.
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The location where
] The tank wall suffers significant thermal stress
= thermal stress concentration concentration occurs
due to the remarkable varies with the rise of the
temperature gradient liquid level.
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T t d phasefield during LH fill 7.5 kg/s)
iIme historiesof the wall temperature and liquid level during LH2 fill process (a) (b) 7.5 kg/s, 18[)”5(6;;11%?82 Prasenielt aunng Il process( 9/sk@)

(c)liquid level

Thermalstresswithin tank wall during LH fill procesq7.5 kg/s). (a) time history of the maximumvalue (b) axialdistribution.
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