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Research and development of basic technologies for hydrogen energy maritime transportation

- Construction of liquid hydrogen experiment facility with observation system -

RE £ RS OEE, Sk £, 5 HEt, mE 5

Minoru Takeda, Teruhiko Akazawa, Yuji Iwamoto, Masanori Maekawa*, Chikara Kazama™*
(ERk 1744 A 8 B =)

Abstract

In order to establish the storage and transportation system for a large quantity of liquid hydrogen, it is important to
elucidate sufficiently thermal and hydraulic properties of liquid hydrogen; especially, an optical observation at pressures is
essential to clarify correlation between these properties and phase transitions. Thus we designed and constructed a liquid
hydrogen experiment facility (LHEF) with an observation system. The LHEF consists of a liquid hydrogen optical
cryostat, a gas handling system, and vacuum pumps. The liquid hydrogen optical cryostat, 1500 mm in height and 300
mm in diameter, have a vacuum jacket, a liquid nitrogen space (10.0 liters), a liquid hydrogen space (13.6 liters), a sample
space (3.8 liters), optical windows, and a needle valve. Evaporation rate of the liquid nitrogen and liquid hydrogen in the -
cryostat, and a temperature distribution in the sample space were measured. In addition, an optical observation of free
surface of liquid hydrogen was made using a digital video camera. As a result of the test, the LHEF showed a good
performance.

(Received April 8, 2005)
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Fig.2-1 Layout of the liquid hydrogen experiment facility (LHEF).
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Fig.2-2 Picture of the liquid hydrogen experiment facility
(LHEF) in the laboratory.
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Fig.2-3 Schematic diagram of the liquid hydrogen optical cryostat.

el TAFRE y FOTFHIZHNDIREETR 2N
ELTIRYHTZDICHERT 5, 2B TFHERHIIH
DIREZROERNT AL, MOFA4 UPoRES
Nnd,

Fig23 ICHFET FAFRXZ v M(EHH.
RHE-100-OP HiER) DR % 7R3, HF7 T4
FRAE v N, BEEZRE, KRIEZEFRMHE10.0 L),
WK ER(13.6 L), Y FARGB8L). KFEA
B, =— N RRETHERINLTNDE, 2D T
AFAZ v NOERMEILSUS304 THY, HS
i% 1500 mm, #MEIE 300 mm TH D, KEBRAR
X4 pETx W, y FE)ICRIT O TEY, 20D
BHHERILXS0mm TH B, £z, KFBRBOM
B AV I AHTFTATHY ., TOEHT 10
mm Thb, ZOHTAEZHEEBIVENSA b

WZT BRI, BREHDTIXO-V 7%, 128K
B 5 Tﬁ%//?Aﬁ%ﬁwfwaTﬁw
FFTwsd, ZHIZCEY AT
lgmﬁmﬁMh\%ﬁﬁmEﬁETWKBhéo
 Fig2-3 PSRRI, BEFAMAT 7w —7 2R
- LTW3, 207 a—T73EITEAD SUS ~A 7
OME12 mm) TTETEY | FOEBEOHFHBF L

— 173 —

5 —#412 1% Cemnox & > ¥ —(Lake Shore #t..
CX-1050-SD) ¢ & —F —(RY = AT L@~ A
= UBDBERYfFITF 6N TVWD, Cemox & h—
IR R (EIR~BEIR) B IE L | ISEMHE
15 m)bXWIREEV Y —TH 5D, RBIBEH
HA7ru—713, 2794427y hEBOUA LY
U=V TRFENTWAOT, ETFICBEILT
EBOHFTEET DI LN TE D,

NFEI A A AEZ v NOBEE% Fig2-4 {277,
7T AFARE y NOTFEITITAEBBELHY |
EEIZIE T R B RE R RIEAKE-A, ¥
TAHER), VT BEFE, VANl
=— NAFWAREDR DD, ZORMAEZET L
WKLY, BEAKBEEOERIZHD=— VL@
LTIk A TR 6 o AR A~(F D b FTEE)
AR EBRBIBETE S,

Fig.2-5 I% ﬁwmiﬁﬁ%®b7/z77—?
2—T7(EBRL)DEETHD, ZOFa—T7 O
B3I SUS 304 TH Y & X1¥ 1500 mm, AHRIL 375
mm TH5D, I NA 4Ry hROMFERH
. 774¢x5/bhl0&¢m$@%;%%
Ehd, £, COFa—TEILIFITIALIAL



R R ek i

Fig.2-4 Picture of the liquid hydrogen optical cryostat.

Fig.2-5 Picture of a liquid hydrogen transfer tube.

FTHY, Fa—THORGFKELHRET D20
DIANT EREFLBMYMFITFHHTND,

k. AFBRAEEBEL L THEEECTA AT
(Weinberger #1:, Speedcam 512), 7 LV A a—7 (&
RXE) TP ENT AT (Z SR, DSC-MZ3) ,
HIERA Z A |k (Photron 1) 2 K #FiA L TV 3,

3. BLXE
RIEKFIX., BEZBROHEE~Y UL LREERIC
BAKBREEAT R & LTEEICRY #bh it

— 174 —

BB, RBC, BRBUIKRN RIARES 2
THY . REE-1BH-BROBRER S D, - T,
HADRBUCK L TRLOEEZHDRITIEAR
BV,
Table 3-1 IZHEEKFEB L VKFETROHE b
PRREE R T ), KEBOXERFEEUTICHET
%, .
(1) KFRFRIT, BE-BRTHD,
Q) BRTARHRIER I V&L, ERT 5,
B) AKBHACITTEHIT RV, BBRBELZ T
ZOTERORERRALE RS,

4) KBRFTRAIERERET D L. LGHDORES
iz 0 RREY E R T D,

(5) ZRPTORKTRNFE—IIFFISIEL,
HY V- ZERIBEHDK 1/10 ThH B,

(6) KEDHIZ., BATH B,

(7) EEARIZ, BE-FHATHD,

(8) AR DOEE X, KD 1/14 TH B,

INOOREBLORRICKTIEARFENE2E
BL7ZET, BRICEREZFITTIAEDOEESE
HEUTIZRT, B2lextda2EARFR & X, [#
B7pdER ). RROBGIE ), TEKFEOHERR) © 3
DTH B,

(1) EBREBNOABIABRBNZVEIIC. K

wmHE BT 5, |

() ERENDKRRELE=F—T 5,

(3) EBRENOBREERL T 5,

4 BYMOBRENPOABH R ERLITHHT 3,

Table 3-1 Physical and chemical properties of hydrogen.

Property Value
Triple point (0.07 atm) [K] 13.80
Boiling point (1 atm) [K] 20.27
Critical point (12.8 atm) [K] 32.98
Density of liquid* [kg/m’] 70.9
Density ratio (liq.*/ gas 300K) 865
Limits of flammability (in air) [vol. %]  4.0-75
Limits of detonability (in air) [vol. %] 18-59
Ignition temperature (in air) [C] 585
Ignition energy (in air) {mJ] 0.02
Heat of combustion [kcal/mol] 68
Flame temperature [C] 2045

* Normal boiling point
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Fig.3-2 Picture of an explosionproof ventilating fan.
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Table 4-1 Measurement results of evaporation rate and heat leaks.

Subject Evaporation rate [L/h] Heat leak [W] Heat leak (Cal.) [W]
LN, space 0.30 13.6 13.9
LH, space 0.09 0.74 0.36
(Sample space: 77 K)
LH, space 0.05 0.40 _ 0.33

(Sample space: 20 K)
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