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Hydrogen Energy System : Intro

® Hydrogen Energy System

Towards Sustainable Societies
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Due to the recent effects of extreme abnormal climate, interest in eco-friendly energy systems that
do not produce global warming is increasing.

Hydrogen, recognized as an eco-friendly energy carrier, has high energy storage capacity and does
not generate pollutants during transportation, storage, and use.



Liguid Hydrogen System

® Pros and cons of liquid Hydrogen System

Temperature [°C]
-260 -240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 @
; 4 + ; + + + + ; :

i +
\ &/\ Cryogenic hydrogen vapor
N l

t + +— t t : ;
7§Stora e Density of Hydrogen under certain pressure and temperature conditions ———
1 I I I I I

|| 1liquid storage (LH,) - (between ambient pressure and 4 bar) g

2 pressurised storage (CGH,) - (between 250 and 700 bar)
" 3 fical storage (cryo Gas vent port N .
\ ‘ ‘ —melting line ~ ——saturation line [ B Insulation {
70 ) ¢ critical point A triple point { | i ves
\\\ }OOO{ar —isol[:are I : ; : : LA (]
" N\ ~To0ter : ' Heat flux from L L
& 500 bar_| surroundings i Heat fi
2 \ . \\ \\~\ 1 1 : : R =
40 300 bar —~ = Ry R
atm T
© \ 200bar | | T~ T ‘ R A
B = Tank wall 1
20 N 100 bar \\ T AT
S | L I | I
a0 \50 bar, Tl | | : | ¥
4 bar_| \[\\‘\‘\ ﬁ i-1 layer i layer i+1 layer
0 + +
13 33 53 73 93 113 133 153 173 193 213 233 253 273 293 313
Temperature [K]
Liquid hydrogen Liquid hydrogen Density-Temperature Graph Concept Design Example of Liquid Hydrogen Storage Tank

(source :The Lawrence Berkeley National Lab) (source : Taccani et al., 2020) (source : Jiang et al., 2021)

Hydrogen, a representative eco-friendly carbon-free fuel, has the disadvantage of requiring a large
storage space due to its low energy density per volume.

Liquid hydrogen, which enables large-capacity hydrogen storage and transportation through the
ocean, is a technology with high potential as it can ensure high purity and safety in the process of
increasing the storage density of hydrogen.

However, the development of high-level insulation system design is required due to the cryogenic
storage temperature of Liquid Hydrogen (20 K).



Liquid Hydrogen Insulation System

® Cryogenic Insulation System : Vacuum+MLI

James E. Fesmire et al. / Physics Procedia 67 (2015) 1089 — 1097
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In General, a vacuum insulation layer is designed between the inner and outer containers to protect
against penetration heat for cryogenic storage.

In case of our Liquid hydrogen Fuel Tank, 1 mtorr vacuum and multilayer Insulation with 25 Layer/cm
was used for vacuum insulation layer.

Heat treatment and electrolytic treatment were applied to create the vacuum level, and it took one
month to secure the vacuum level.



Liquid Hydrogen Insulation System

® Vapor Cooled Shield (V.C.S)

5L Liquid Hydrogen Tank V.C.S System
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V.C.S System operation Concept

To provide additional insulation performance, the Vapor-cooled shield (V.C.S.) system was applied,
which is a concept that reduces the amount of heat penetration into the internal vessel by transferring
the heat to the boiled but still low-temperature gaseous hydrogen.

The heat transferred to the boil off hydrogen escapes along with the vaporized hydrogen as it vents out.

Similarly, additional insulation system was applied to prevent heat from being transmitted through the

support structure (Support cooler).
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Liquid Hydrogen Fuel Tank

Liquid Hydrogen Fuel Tank Model

First of all, we ask for your understanding that the liquid hydrogen technology has been designated as

a national core technology of the Republic of Korea and thus the detail drawings and research results
cannot be disclosed.

The design is in progress with the helix-shaped vent pipe welded to the support and VCS.

For the inner tank / outer tank / support, stainless steel material properties are used. For the central
part of the support, G10 is used to minimize heat conduction.



Liquid Hydrogen Fuel Tank

® CFD Simulation of 6 CBM Liquid Hydrogen Fuel Tank

Mass Flow Inlet Convection : 313.15 K
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Commercial code StarCCM+ 15.04 Ver. Was used.

Natural convection heat transfer was considered for the external container, and a constant temperature
was assigned to the internal container for a conservative analysis.

In the case of Vent Pipe, the mass flow rate is calculated and reflected based on the internal vessel
penetration heat calculated for each iteration.

9.91 million grid Poly Mesh used



Liquid Hydrogen Fuel Tank

® CFD Simulation of 6 CBM Liquid Hydrogen Fuel Tank
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Liquid Hydrogen Fuel Tank

® CFD Simulation of 6 CBM Liquid Hydrogen Fuel Tank

James E. Fesmire et al. / Physics Procedia 67 (2015) 1089 — 1097 Effective Thermal Conductivity was used to simulate
the vacuum insulated area.
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Liquid Hydrogen Fuel Tank

® CFD Simulation of 6 CBM Liquid Hydrogen Fuel Tank

Case A.T.C VCS Support
Cooler
Case 1 0.1 mW/mK X X
Case 2 0.1 mW/mk X 0
Case 3 0.1 mW/mk 0 0
Case 4 UZDAS X X
Case 5 U2 TS X 0
Case 6 Uraalaiicis 0 0
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Korean government-funded research institute in the field of ships and ocean engineering
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Towing Tank
(Dimensions: 200x16x7m)
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KRISO Europe Center

Full Mission Bridge Simulator

Ocean Engineering Basin
(Dimensions: 56x30x4.5m)

= Since '78. 3. (Korea's first one)
= Functions Test of propulsion and maneuvering performance for ships
and submarines

= Achievement Tests for more than 2,000 model ships

* Since '97.12.

* Functions Navigation simulation, analysis of traffic safety and maritime
accident

= Achievement Naval Education and Training Command, cause analysis
of maritime accidents

* Since '98.7. (Second largest one in Korea)

* Functions Simulation of realistic maritime environment, including
waves, wind, and currents

= Achievement Maneuverability and stability tests for 350 ships and
offshore structures

Ice Tank
(Dimensions: 42x32x2.5m)
* icing area: 32x32m

Large Cavitation Tunnel
(Dimensions: 60x22.5x6.5m)
* Sectional area: 12.5x1.8x2.8m

2o

Deep Ocean Engineering Basin
(Dimensions: 100x50x 15m)

= Since '09.7. (World’s largest one)

= Functions Secured design/shipbuilding/performance test technology for
high value-added icebreakers

* Achievement Tests for the ice resistance of icebreaking research ship and
capacity of extreme low temperatures of cold room

= Since '09.10 (Second largest one in the world)

= Functions Evaluation of fiuid capacity in relation to ship-propeller-rudder
interactions and cavitation tests of propellers

* Achievement Design and tests for high value-added merchant ship, high
speed vessels, Korean submarines propeller

= Since 18.11. (World’s largest one)

= Functions Performance evaluation and verification of ships and offshore
structures in deep sea environment

= Achievement Reproduction of the deep sea environment and development
of technologies for offshore plant




KRISO Europe Center

@ Korea Research Institute of Shi

Design Specifications Value
Ship Name K-GTB
Inspection K.R.

Design Velocity Max. 12.5 Knots
Range 900N.Miles
Length O.A. 82.6 m
Length B.P. 74.0 m
Breadth 18.0 m
Draft 3.6m
GT 2,600 ton
Displacement 3,700 ton
Propulsion Electric, 1,100 kW, 2 set

Main Generator

LNG DF 1,500 KW, 2 set
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KRISO Europe Center

@ KRISO Europe Center : Mission

KRISO is going to establish a Research Base in Europe for initiative of the major technologies and
the international standards in the fields of advanced maritime mobility and sustainable use and
development of the oceans.

In addition, KRISO is preparing a program to build up young and professional human resources in
collaboration with KIRD (Korea Institute of Human Resources Development in Science and Technology).

Keywords: Decarbonization, Digitalization, Advanced Maritime Mobilities, Sustainable Use & Development
of the Oceans, Foster Program of Human Resources, International Cooperation

Korea will be an Associated Member of Horizon Europe in 2025!
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