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Demonstration Tests of Three Types of Liquid Hydrogen (LH,) Vaporizers
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Abstract

Kobe Steel owns multiple types of liquefied natural gas (LNG) vaporizers to suit various applications and is
developing liquid hydrogen (LH,) vaporizers based on the design and manufacturing techniques the company
has cultivated over many years. Liquid hydrogen is stored at —253°C and must be processed at a temperature
approximately 100C lower than LNG, posing great technical challenges for a heat exchanger. Therefore,
reliability should be secured by conducting actual liquid demonstration tests to back up performance and
thermal stress calculations. To this end, a small demonstration machine has been prototyped to conduct
demonstration tests using liquid hydrogen. This paper describes the current status of demonstration tests of
three types of vaporizers with different characteristics: an intermediate-medium vaporizer (IFV), an open rack
vaporizer (ORV), and a microchannel heat exchanger (DCHE).
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Table 1 Liquid hydrogen vaporizer product lineup

Liquid hydrogen vaporizer product lineup

Type (3) DCHE
Appearance
syl £ o i oo
Material: Stainless steel, titanium (for seawater) Material: Aluminum alloy + thermal spray Material: Stainless steel
@ Eliminates the risk of freezing seawater and ® Uscs seawater as heating medium. making ® Enables downsizing while maintaining high
industrial water by using propane as an it an economic solution for mid- to large- thermal fatigue strength.
intermediate fluid. Suitable for mid- to large- scale vaporizers ® Uses brine as heating medium.
Features scale vaporizers. ® Scawater is an open system, making it ® Enables the use of cold encrgy through the
@ Enables the use of exhaust heat from nearby difficult to use cold energy secondary use of heating medium (narrow
facilities. ® Allows for the transition of an LNG power temp. range)
® Enables the use of cold energy through the plant to a hydrogen co-firing plant using
secondary use of heating medium (wide temp. existing intake/outlet facilities as
range is
s?ﬁe"&gie Completed in March 2023 Planned to begin in March 2025 Completed in March 2024

Vaporizing volume by application

< $ DCHE
< » ORV
el »
< » v
H, refueling stations Ships
Small-scale industrial furnaces Large-scale industrial furnaces
Small gas turbines Medium gas turbines Large gas turbines _
1,100 11,000 110,000 1,100,000 .
0.1) (1.0) (10) (100)

Liquid hydrogen vaporizing vol.
( Liquid hydrogen vaporizing vol.

(Nm3/hr)
(tons/hr) )

LH, (tube side) is vaporized by heat with condensation of propane (shell side)
Propane is condensed by LH, on the surface of tubes and drops to the bottom
of the shell

E-2 LH, vaporizer

Connecting piping T, I A
e ¥ o =

(Sea) Water
inlet

%/—/Intermediate fluid (propane)

E-3 H, heater
Hydrogen gas (shell side) is heated by
(sea) water (tube side) up to ambient
temperature

E-1 Intermediate fluid vaporizer
LF (shell side) is vaporized by (sea) water (tube side)

1 IFVHE&
Fig.1 Schematic of IFV

2 FEAEHIFV o448l

Fig.2 Outside view of IFV for LH, vaporization demonstration
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Fig.3 Schematic flow of LH, vaporization demonstration facility
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Fig.4 Outside view of LH, vaporization demonstration facility
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Table 2 Test conditions of IFV for LH, vaporization demonstration

Condition Casel | Case2 | Case3 | Case4 | CaseS
H, flow rate
(Nm3/h) 1,200 1,200 1,200 1,200 1,300
H, Press.
(MPaG) 0.70 0.70 0.70 0.40 0.70
CW flow rate
(m3/h) 8.0 6.8 4.5 8.0 8.0
CWinlet Temp. |, 20 30 20 20
(°0)
gi\z::;& Above | Above | Above | Above | Above
C) 10 15 20 10 10
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Fig.5 Example of H, outlet temp. and H, flow rate trend during
demonstration test

Propane condensation on
E2 heat transfer tube
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Fig.6 Photo of propane boiling and condensing behavior from sight

Propane boiling on
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Fig.7 Trend of water inlet and outlet temp. during H, flow rate
fluctuation
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Fig.8 The structure of ORV and outside view of ORV for LH,
vaporization demonstration
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DCHE's special design (structure) for vaporizer (1) : “1Cold : 3Hot Design”

Shell&Tube HX (Conventional type)

DCHE

Heat exchange
performance
between hot
medium and

1Cold : 3Hot Design (Anti-freeze structure)

Hot 1
(Glycol Water) -_— e

Heat exchange can

continue between

NG
significantly
reduced

1Cold : 1Hot (Conventional design)

When ice accretion occurs, the ice acts as

heat transfer re

psistance, resulting in

reduced vaporization performance.

Cold
(LNG/LH2)

Hot 1 and Hot 2
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(Glycol Water) t
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- Pl
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Hot 1 TV '
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Hot 2 is not in contact with Cold layer(LNG/LH2), and even if ice |
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performance degradation even when freezing occurs.
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Fig.10 Anti-freeze structure (1 cold : 3 hot design)

DCHE's special design (structure) for vaporizer (2) : “2-Zone design”
Prevent the freezing of heating medium at vaporizing zone and splash entrainment

Gas out Image of cryogenic fuel channel design

-

Item

Fuel gas heating zone

Fuel Vaporizing zone

Channel pattern

Heat transfer
efficiency “High” type

Heat transfer
efficiency “Low” type

High

Low

High (High heat transfer
performance)
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medium temp)

[ Heat transfer
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) Metal
] temperature
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.
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Cryogenictuelin It contributes to stable vaporization performance.
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Fig.11 Anti-freeze structure (2-zone design)
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%3 RFERLMEEREHE DCHE #ic
Table 3 DCHE specifications for hydrogen vaporization performance

test
Vaporization capacity
(liquid hydrogen) 18.9ke/h
Basic specifications Type Micro channel heat exchanger

Material Stainless steel type 316 L
Inlet temp. (°C) -253

Design specifications (path A) o

Fluid: liquid hydrogen Outlet temp. (°C) 30
Operating press. (MPaG) 0.3

Design specifications (path B) Inlet temp. (°C) 40

Fluid: ethylene glycol water Outlet temp. (°C) 35
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Fig.12 H, outlet temp., H, flow rate and heating medium pressure
drop trend during performance test at design point

g4 FEME & RBRIELIE D 5 3R D 72 UA i
Table 4 Comparison of UA calculated from design value and
actual test value

Item Design Actual measurements
Heat duty (kW) 23.0 253
Logarithmic mean
temperature difference (°C) 69.5 40.2
UA (kW/°C)(*) 1 Over 1.5

(*) It is defined 1 as a design point.
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