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1) Abstract

Main Issue

The significant low efficiencies of the current techniques of energy storage systems specially the
Intensive energies.

The challenge to store hydrogen in its liguid phase as an intensive and effective energy.

The shortage of the current studies on liguid hydrogen storage and transportation.

Main Target

 Analysis of the filling process of liguid hydrogen into a cryogenic tank.
o Effective storage and transportation of liquid hydrogen.

3) Methodology

Particular double-walled will be used as a case study.

Tank design takes the considerations recommended in the standard codes of 1SO 13985 and 1SO
21029-1.

Tank material is chosen to be 316L stainless-steel.

Both of multi-layer insulation (ML) and high degree of vacuum are used between the two walls.
Safety of the design will follow the instructions mentioned in NFPA 55, EIGA-DOC 6/19.

Lumped system analysis and its assumptions Is applied on the tank case study.
Time estimation of the tank cooling down and the filling process of LH2 inside the tank is analyzed.

Energy balance:

the heat lost by the tank material = the heat gained by liquid hydrogen by convection =
the change in liquid hydrogen enthalpy

Tank Specifications
p (tank) = 8030 (kg/m~N3)
C =530 (J/ kg.K)

T (tank, initial)= 32 °C
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 Such tanks should be double-
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2) Introduction
. Great challenge to store liquid =~ |75 S R

hydrogen at extremely low
temperature at 20 K and 4 bars.
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Liquid hydrogen tank material
should resist embrittlement and
the structural stresses at cryogenic
temperatures.

Composite support
rnngs

\\ : : -
N\ .l',f -—_'_.
/ \ ST S
\ »
] \

Carbon-fiber, high /
pressure vessel

walled with a vacuum between
the walls to minimize heat
transfer.

4) Preliminary Results

designed temperature at -253 °C.

« Additional parameters of the liquid hydrogen and the tank are analyzed.

50 —_|
0
. - Final tank temperature [Part 1]
50 _:.I — Final tank temperature [Part 5]
] Final tank temperature [Part 10]
100
150
200
250 S—ee
'3m - 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1
0 5 10 15 20

|
30

-230 —:ﬁ

-235

-240

-245 —

-250 —

-255

5) Preliminary outcomes

. Vacuum shell
= stainless steel

~Gaseous H, fill line

- Liquid Hs fill line

The results show the estimated time of the tank cooling down to achieve the

 Phase change of hydrogen has a great effect on the thermodynamic and
heat transfer properties during cooling down and filling processes and in turn

affect the overall filling time.

* The conduction heat transfer of the tank itself has a high effect on the

cooling process of the tank.

6) Future Plan

« Continuous deep study on the filling process will be simulated in more

details on Amesim.

* The change of heat transfer coefficient will be controlled and simulated.
« Studying the storage and transportation performance of liquid hydrogen In

the cryogenic tank and will be simulated on Ansys CFEX.
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