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First, observations on the damped oscillation of liquid hydrogen surface inside a small
vessel as well as acquisition of the output signal of a superconducting MgB: level sensor
under horizontal vibration were carried out. These experimental values were qualitatively
in agreement with computed values based on simulation analysis. Second, data of liquid
hydrogen level, temperature and pressure inside a large vessel during a truck
transportation were measured synchronously with a large sloshing signal. These
experimental values were also qualitatively in agreement with computed values.
Accordingly, there is the prospect for developing a new method of 3D sloshing
measurements inside a shipping liquid hydrogen tank using superconducting level sensors.

AT ERR
(BHHHAL - 1)
ELHERE A [ PERE 2 & &t
AR TERR 3,000, 000 900, 000 3,900, 000

WFZE R« T2
BHFE O - MIE AT - fefnuEre 152
X—U— R KK, BREEME R, Aoy 7, KEEE, 3 DEFH

1. WFERIAA S DT = DY IRNRBE TRV =] ORERDEHE T

LA R DV E L 5 RETE QoW /N
ORE, I HERER L O BESE L
LTWa, 2 6DOREIZOWT, 2009 49
AICBE S - EES AT I v Mok
W BT EFEIE 1990 4 HE T 2020 42 £ T
\CIRENRA A % 25%HII T 2 80 BAZ
ISR TRRE Lz, 2O X 9 7Kg
7o EI B AR A T D 7Ok, TERBE A e

b5,
{EABREIORB L - LT, &
[KF] DixbEEBINTWA, ZOE/RE
L, HEk ECHRRRICHFEAET L 2L, -
(LR BIZFRD DB KIZTTEZNSE TH 5,
KEN MO 7 ) — o x X —R] L5
AT, Z2i8hbH, DL HKkE
M C THAMRED R LY — |, iz



Bz xr¥—%2FHLTHREL, 2k
NRARKRFR | ORI AE T B AR~ Lt
I 55HE (WE-NET i) [11235F O %
mOrTW5,

Fx X ETIC, BEKRFEZ 7 HOR
FEEE - SO O A B LT,
FBLEATH HMgBe (ZA b~ 3y
¥ A EBREERBIEE 39 K) 2 N— R L LT,
BERENAXOKE Y —%2A1R L72[2,3],
Z O Y —IX, ZOE D ITHIVvE —&
— R A BN THNR I DMV R TH Y |
99.99% LA _EDEHER LTV 0.1%LL FOHE
WBEEZHLTWD, ZNETOMEEELT
WD BRI Y —id, R OME— M
ThD,

LNG (b RIRHT A @l 110 K) & AR
V\ZHRIAROK 3 A Bk 3 2121, AR~
VI BBERFRTHD, ZOMHAY D
BRI\ TIL, iR mfREhR B DR )N iy
BB CH D, AFZETIE, 2 E TICAIR
L7zmMRoBaERmte sy h—a22 7
P~ bR CakiE L, & o —H ) & [FlRE
FHEITAUR, T3 DR BN 23 Al EE
HDHEDERIZESTZ,

25 STk

[1] WE-NET (World Energy Network; /k35F
FERE 7 U — v =X — v 2T AER RS
P%E) plRE & (1998)

[2] #F R - Wb EEAE - a4 BT« IRAOK
F K T o — R ORI KR K G, Fr
Ji 2008-014998

[3] M. Takeda, Y. Matsuno, I. Kodama, H.
Kumakura and C. Kazama: Application of MgB,
Wire to Liquid Hydrogen Level Sensor —
External-Heating-Type MgB, Level Sensor,
IEEE Trans. Appl. Supercond. Vol. 19, No. 3,
(2009) pp. 764-767

2. WO HD

Fox DAL 7= TSR E v Y —) 1,
IR Ak (b 20 K) | O ERSEE -
BEEEE AT 2HREE Y —CTh D,
ARFFECTIL, AARIRKE Y 7 NEO TR
fERE) (Ro w7 | WREEOMEIAZ B 5
LT, B4 —ick53D (3%T)
TREBEN R OB LWFEZBRRE T2 L
ZHEI LT 5,

3. WFFED I

ARFFED BHE, Fox HNER L TE 7B
WHEN 2= L LT, fHRIEKSE S v
WERD A1 v > 7% 3DEHAIT B8 LW
FIEEABRT DL L TH D, PRI A
GHT, ERFEOHEILLFOLEEY TH
Do

(D HEEAFEOZ T v v 7 ONFEIR - &8
(R > — OB R AR 2 B S 2y
T B70121%, B —H 10N & R
(IR E & YT 2 W EmR S 5, £ 2
T, WIRKBERF/NRZE (VT4 42K
v~ BETR) B X ORUEEE B E (BEF)
FHAWT, B —0RWREETAT vV v
7 DI AT - 72,

RO, INUEREHIRIAKRFEE AL, § 1
Uy MVORIKO AT v > 7 EEE 50
mm DNER L VR L7, #iRl2iX, LED
BHERB LT CCD AT (Wi
& BEE) & VN, PC T2 OEE A AT L7=,
IRENFGG & el 2 72012, fiiEEh % 1[5
TR DAET IR 2 X5 & L,

(2) M= EHE T v Y — OBIRI R R - 1R
L 7-MgBo B ZEHH (BS 200 mm) O
BV e =2 —EREffITHELD
W2, PTHIER OV — RERAE B £+ T, ik
HE Y —Z2RR I, 2o —% /)
IR BRI DI F AT TG E LT,
DIz, NS AT7—Fa—7 (H&)
Z O C/NURERIZIRIR KSR &2 AN, iR
ENHRET T2 &0k —HT
ZERHAILEZ, chicky, o —HhER
AL E O EAREGR, T 7eb bR %2
T, WIZ, RRUEIRRE CTRRENZ 1 B 5
z. B — mﬁ&(mDﬁf7®ﬁ@7—
% % PC CRIMFFH U7z, HEGARITRE R L
Y= & E R LT RE A RIC kT S
T U —DIRE R B L OB, b b
BN RR I & R~ T,

@)/INREHRERRBLE LI A0 v 76
B - B X 200 mm OEHE Y o —E2ERLL
T — ORI A2 T T

WEOIZ, NSRRI E Z AL, £ D
BICKERIE CRIEEN 2 1 M1 5- 2T, B
b'j- H:lljj ;En+{ﬁlj L/7L~_ Hjjj1|:lﬁé’ﬂfiﬁ££%
EHL, THEFRERIIGNT T 5 Z 212Xk R
0y T OEGR R AR AT, RIC

O FHCREE & 5 2 ft 1T T A KFED R
0y 2 T ORI BIZ OV TR,

Q) RBIRGBERIRE LIz AT vy v 7 FF
W ;£ X 1500 mm O & o — A AER L |
T — ORI E R, E Dk,
Yo —% KB (2000 U~ hov BEAF)
L~ E L7,

WROIZ, KEVRZHTIRIKREZ AL, 2
%F’?/? CHEHEH L7-, WIZ, bT v THE
W EAKEEIT L7220 6 KAV ICIES) 2 5
ZHeiT T RERJER LONERE TR W —
HA R Lz, FHllT—2 L0 KERS
WNEDOWIRAKFZEDO AT v v 7 O R
ARz,



4. WFIERRE

IR AR KSE (BhA 20 K) Z ¥ Ligsd
L7200 ENOBREE B L., @58
MgB: (AR Ub~7 %2 U L) i E<—
AL LliRmEE o —%2 T, REKFED
RERE) (Ao v 7)) ICET AR E21T
o7, LTI, o=tz 7,

(FRk 28 4E5E)

(WK AKFEO AT v > 7 O - iR
KR F /RS, BIRERBE S L 0T v
Z)L CCD AT HHANWT, Kt —o
RWIREECHRIAKFZED 20 v o v F O
BN AT 72, FBIRENZ 1015 2 7%k
DI IREY T D KB 2 WG RAT L. IRENPEGS
LI LI ZARW—EN A LT,

(2) BB v Y — OB AR EE - E
SAHL X D SR IR MgB2 iz i & > —
(X200 mm) #ERL ., WREAKSEH/ NV
RERDONEA~FHE LT, Hholc, MRS
WRIKKEZE AL, BIRFE N3 2iRimfnE & &
VY —H I ORR, T BRI AR &
O LT, WIS, WS EEEIEE 3 208
RET, CCDH AT OE(GT —% Lt —H
T [RREEHI U7z, g RE SR & v —
HARE R Lz & 2 A, IR bizkd
LY —DINERRIL 0.1 sLLFTHD Z
LRI oT,

(CERE 24 4EFE)

/IR EIREXNRE LA vy T E
B - B X 200 mm OEHE Y o —E2ERLL .
InEAWTHEIERICH T Ay T
OFFFEEZTHNT-, ZOEBRERE VI
L—a U R AR L2 e 2 A, WA
IXEMRIC—& LT,

Q) KREIRSE LR E LI-A v v T3
W ;K X 1500 mm DR E o — 2 AERL L,
I E KRR E (2000 L) PER~a%{&E L7z,
ZORIE N7 v 7 I CHEE LT, KEAETL
MR - IBE - JEDORBFH AT 72
LA, PHEHFEHN 2 s DREHpAT v
U7 B LT, WRmE - R - S ORER]
BT, ¥ 2 bL—3 g U & EERIC—
L7,

2 FEE OFIE A C T, 1000 mm A 8 2 %
AR K2 FEB A EMgBe i & > ¥ — R o
JUNDEMNLT H L LB, Wit —
DEFHIE LB AEERF R TH 5 Z
EEHLMT L, £, PMURTHRB LUK
BRsz2 MG L LT, BnEMgB it
=T K DRIEAKRFEDZ T v 2 ZFHANC
R Uiz, & BIC, i « i - =/ OFEF

HMBLIOY I 2 b—3 3 VEITICH D)
L7z, UEXY, BEkEE o —I2k b
3DAu vy 7RO LNTFEOBR%S
WCHAMNSL -T2, T3 LY., ARk
B TWNED AT v TIRER AT 5
& BT, MR RANEIRKSE X > 7 OBRFEN
AlRE L 72 D,

5. E/RRERCE
(WFFeE . WRge oy HaE M ORISR 1
=Y

UdEssamsC) (B4 1)
(1) K. Maekawa, M. Takeda, Y. Matsuno, S.
Fujikawa, T. Kuroda, H. Kumakura :
Thermal response of MgBs level sensor for
liquid hydrogen using external heater,
Proceedings of ICEC 24-ICMC 2012, %t
A (2013) pp. 59-62

(2) M. Takeda, S. Fujikawa, Y. Matsuno, K.
Maekawa, T. Kuroda, H. Kumakura :
Synchronous measurements of liquid level,
temperature and pressure inside a 2000
liter liquid hydrogen tank during a truck
transportation, Proceedings of ICEC
24-ICMC 2012, &#5iF (2013) pp. 311-314

(3) ®HZE, BBIE—, REE, f)ll—&,
HEWEA, REAKEH : MgBoikimt v h—%
7z 2000LEIKFES 7 D NT v 7 3E
1TkBR . 2 v 7 WO « 1RBE - [TEFI D[R]
e B G Rl NS oy N = T o R R DA S (e
EHE, 95 (2012) pp. 33-38

@) mi)ll—5, REE, OEE, BIE—,

HEmEA, REATEM : IAKFE I MgB ik f
YUY =D — F — I DB E,
P RFPRFEEERFAFE RO, AR,
% 9% (2012) pp. 39-45

(FaRE) G

(1) ZRFET, aill—&, REZE, DEFE,
BRI —, RERVER, BWEA : WRIKKFED
2y VU T B EMIE v oL
— 3 a UHEAT, 5 86 [A] 2012 A FERK IR T
e EEYS, WhTREFRAH T #
— (AFIR) ; 2D-a03,20124 11 A 8 H

(2) M. Takeda, S. Fujikawa, Y. Matsuno, K.
Maekawa, T. Kuroda, H. Kumakura,
Transportation test of 2000 liter liquid
hydrogen tank by truck using MgB: level
sensor: Synchronous measurements of
liquid level, temperature and pressure
inside tank, ICEC 24-ICMC 2012, #&id[=
PRvaets (RERA ) 5 16C-OR2-04, 2012 4 5




H1leH

(3) K. Maekawa, M. Takeda, Y. Matsuno, S.
Fujikawa, T. Kuroda, H. Kumakura,
Thermal response of MgB: level sensor for
liquid hydrogen using external heater,
ICEC 24-ICMC 2012, &l [E|Fr=i% s (R i
I2) ; 15P-P01-12, 201245 A 15 H

(4) REE, Jil—5, REHET, REE,
BRI —, AeRiBl, MRMEA  KAKED
Ay v ZISPEE % FEERESE, 5 85 111 2011
FERIRIR T - RS AR, SRS
(A1) 5 1D-a02, 2011 4F 11 H 9 A

(5) mI—E, REFET, RRHEZE, REE,
R B —, REAUER, HEfEA - WRIkKEH
MgBeikt v — i e — & —1Zxt79 %
ESEMER L OVRmEm AR R, 25 85 [B] 2011
FEEKFRIR TS - BEEYS, SREEE
(AR ; 1D-a01, 2011 4E 11 A 9 H

(& DA

R—b_R— A
http://www.maritime.kobe-u.ac.jp/professor
s/takeda.html

6. WFITHLR

(1) WFzefRE

HMH 2% (TAKEDA MINORU)
MR « KRB R PR R - 2%
s 50206992

Q) WFF sz
FPAE XD

(3) HEHEMF TR H

REA V5B (KUMAKURA HIROAKI)
WE - MR IERERE - BAREAM EE vH
— ek H—E

W& 5 90354307




