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First experiment on liquid hydrogen transportation by training ship “Fukae—maru”
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Fig.1 Photograph of experimental apparatus.
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Fig.2 Time chart of temperature A and B and pressure
inside 20 litter LH, tank during marine transportation.
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Fig.3 Time chart of roll angle and pitch angle during
marine transportation.
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Thermal analysis of a helium circulation cooling system for scanning probe microscopes (II)
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Fig.1 Schematic diagram for test of the low vibration and low
consumption liquid helium transfer tube
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Fig.2 Time evolutions of (a) temperatures of radiation shields
(L and H), (b) helium gas flow rates from three recovery lines,
(c) pressure and (d) liquid helium level of the reservoir
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Fig.1 Outgas rate from SUS304L

LE-01
+ Sl(without baking)

LE-02 = SI(with baking)

1L.E-03

1.E-04

1LE-05

1.E-06

LE-07

Outgassing Rate (Pa- m?3/(m2- 5))

1.E-08

1 10 100 1000 10000
Time (minute)

Fig.2 Outgas rate from SI

LU E#E AT, R—F U Z LD H AR E D%
PR & SOEHE ORI FEBMRIC OV TE R 5,

HAD R E L, BEARREICHAEL THWDET AR,
RNTITFAET DI A MBIORFEIZ LD H AD R E 1K

TEF2ZENMBITIY U MR IR ERER SR 50D,

T AN IR B DR AEIEE LT, BEAERREICE L THDS
HAG BT 256 L. BENE LI 25 8%t
B pL, REICWEL TWBH A TN 285581,
REEID-1 FIZELABIL . BIRNERS DIERE PEY A1, B
MD-1/2 BT AHZENMBNTNES D,

Fig.1 &b, SUS304L (2o Tid, A AR X, 1721
e B 2 R OHNDZ LMD, BRI IS DT A5y T
DI EHB M CTHDHEE 2 DD,

— 7 BB EL MBS 1T OV T, 100 AEE BT
FETOWWIBEFHCOWTI, 72 (24525, =%,
ENZEALL, 400 BRRERIBLIZZICBW T, AISEpld
DR DI, ZOZEDD, 8 B ZE W 2 0O A i
L FIIEERE I I W T, BRINER S D A 53 T OPEHN
AHIZAe DO D, D%, REIZHEEL THODH A3 T-H
T T BB E NI D LB 2 HD,

4. FLH

BEZEWIBE I E EALD EEM BT T M AR A FHA
L., ZORERIY MEHZ LA BISHEMEDFEEDN D EH3HE
BEI, Fo, N—=F RIS LR B LT LN RS
7

#HiEF

ZORRIT K 25 RSP PESE R [ 4 P RE= L%
— IR - B RN BR R I KD R O — i Th D, THRE
WEEEEUIERRICEMLA L L g9,

S& Xk
1. G. Horikoshi: “Vacuum Technology (3nd Ed.),” University
of Tokyo Press, Tokyo (1994)

H94Im] 20174F BEAF IR T - Y

I
-~



1D-p02

SES IR

MR EENRICE T OHMEEDORK - REGNR DR

Demagnetizing field effect on magnetocaloric effect
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Fig.3 Magnetic entropy change of various Gd samples by 0.5 T
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1. S.V.Taskaev, et al.:].M.M.M. vol.331 (2013) p.33.
2. H.E.Nigh, et al.:Phys. Rev., Vol.132 (1963) p.1092.
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Study of magnetic heat pump using multi-layered magnetic materials

IR A, BRI, A — R (E AT
MIYAZAKI Yoshiki, IKEDA Kazuya, WAKI Koichiro (RTRI)
E-mail: miyazaki.yoshiki.23@rtri.or.jp

1. [FE&HIZ

Jr7as TERBIENIR SN AR E— MR T AT D,
k18 H w22~ D &2 B H LR R 21T > T D,
A EHHANRIEZOIL R E HNEL T, BIFIREE O %222
BE DR AE M E &AL BB, AMR(Active magnetic
regenerator) A4 & | L CHRBERBR 21T o 72, F72, #
AN 2 A= T CA T RO E T T- D T35, g ranster

Permanent

Displacer magnet

2. B BREE

FRMRE— MR 7Y A7 MDD AMR OFFfi%
1O OIERER BRI E OWERS X % Fig. 1, BF% Fig. 212
LT, KAMANEETLZLIZEVEESNZ AMR %)) h
B9 5, AMR OBITEBICADETCT A AT L —VZ8h ecprocang nace
9 2L T, AMR NOBEKAIEENE LB HRIT IR (OK) & BAAZ
WS HIENTED, BKIEEMENITHRY = A(Gd; Hi
£ 0.6 - 0.85 mm);B A& Tz, KAREATTINEE 104 mm X ozch -
SR 154 mm, ~NILoSNERBZ TN 2 WA T, FE g Fig. 2 Photograph of experimental set up
WEFEIL1.0T THD, AMR Hemid 77UV RITHEE 15 mm,

7 Permanent magnet
" (Halbach amray, Rotary motion)

HME 20 mm, BEKIFEME FRIHESIT 60 mm THD, Gd D 3 Gd / GdgroYao
FHEIT 52.9 g, FHERIT 63%FEEL LI, AMR i iiEhc g ” Gd
BRI AL T, AMR WEOIREAREL, @O iRE g 5 < N =
ELFALE RN
8 | GdyoYao
3. $HEARA . =
BABARATIE, BURKEBBLE-TT A2 HOTWA[], B ’s 0 s » " »
SNEEWE T Gd RETEEL, WrERE (LA s L THRE T ) ) Temperature [C]
RABTL, BT IR BN T 0 — R I b b P A E Fig. 3 Experimental result of 2 layered AMR temperature span
Uiz, BER I LSS e AR D B I 1 0.1 sec — ) R
FEEL, BAASHRTIE U OB Bk L RS B RRBEC U £ B AH T i e T e P
G BT AZL LT, AMR WS B £ 2 3L 7=, c” - P P S N
o . «m e-lg A
[ "‘,. __,A" | -9
4 RERERLMAER % o |t B )
{8 AMR OB ER RISV T, SRR R4 Fig. 3, 8
BAEMRNTRE 5% Fig. 4 1077, REMEIIE 60 mm [Z[EE §
LCW%, BB e CH i FH G A i 1 28— B LT ° " " - - -
0, BHM B 56 OB RN O 2 4 AR LT, Temperature ['C]
ThEEEZ T, 1 ~3FHED Gd 2@ EEL-HE0 Fig. 4 Calculated result of 2 layered AMR temperature span

BAEF R A1T 572, Fig. 5 1 AMR RE&EZ 12356 OfFHT

70

FERAIRT, AMR RE2VEWEIE, MPEIO FEEE N D7 o ‘ A Al 3layer

<, I AR AHERE CEAR\ 21T, A RRIREE EN LR L . Jaad?t”
WIS T2 E B R HIND, ZORIRTIE, 13 B AMR O S 805 see0e 0 ke

AR EITR %724, AMR ORIJESRIEFONR, & § ., S0 | Tomper

(B FH U N 3R 4 1 = D BB I A>TV T ATREME ANV, i, 8

HHRED AMR E3D0IUE, HIE, 2 8, 3 BOERIRE “olg

FECHBENPRBOONDN, 2 & AMR (3fli> AMR L8732 0 W - - - -

v, @ CARRIRE ZEDRAMEMIZEE LD, ZOB R, 2 fE AMR length [mm]

HOMKAEEME OX 2)— 1R E DENKEL, HREET) Fig. 5 Calculated result of 1~3 layered AMR temperature span
BRACE DWW BN/ NS IR TR DS N U= 2 e ERE 2 B,

AMR EENRHICHHMEIETIL, 3 8 AMR ORI 2 St

DENREABENT2 D, ZOBBTEE 3 B AMR BHAITD 1y i et 538 T2, Vol. 50, No. 2 (2015) p. 80-87
DEVAD, [2] Y. Miyazaki, et al.: Abstracts of CSJ Conference, Vol. 93

(2016) p. 47.
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Development of a 1.6 W-GM cryocooler

B B

(RS ; 81 A (NIMS)

MASUYAMA Shinji (NIT, Oshima College); NUMAZAWA Takenori (NIMS)
E-mail: masuyama@oshima-k.ac.jp

1. [XL®HIC

N4 K BRSO RYGEN ST DR R, ARk
72 A2 SO BT D [ REE A2 o TV D EE 2B
%. GM B HEIZRBWT 4 K ICBETAZENREL 2T
1990 AR5, ZhRUGEITKTDBOHAE, F0F5EE | _Jw
MR JAATHOITET. 4 K Lo CO/INA sl o1k fE
B OYMEM, FR BRI REURIFT 5. 4 H i’(“
DR G, 4 K HOFEHMEL TEM SN T
B, HoCuz & Gd20:S (GOS) MNZET B, Bt IAZ A D
REFEWIIRIFAEL 2> TVWDEE R HTHA).

T TAWRIE T, 2hRcEE HIRL, GM Mo 2 B
HEWMIZ, TNHWm#HEOEZE NI E Pb 2O =)
S u\f BEETITEON TSRS 2 LT,
42 K TOHMEEIHIEEEMLT-. LLTIZ, GM HEEEO
HERkZ2 NS, RS 2Rk~ 5.

2. 2R GM AR L 2 BRBE SR EE

Fig. 1 {22 B GM ‘/%@E%%@*Eiﬁﬂi%l%ﬁ?‘ FEAT—V DIl
JE L RBE E DI, LUz (Si) IR EERE—
ARty STV, £72, 2 BEH XT’* ¥ ORE MK O 7=
O, T — L RE 1| BEEAT—VIZEEL, O/ EA—
/\~4//11/~/5/'C%07”_

PERERRBRIZAE F S47= 2 B GM 4 ik 1T, 22— /LR~ R
RDK-408D2 (SHI), [EAfit : C300G (SUZUKISHOKAN) T,
EREXAINL 7.3 kKW THD. HEEEOBYERE KT 1.2
Hz, ~UD LT AOHAE AETINE 1.6 MPa —EELT-.

Fig. 2 12 2 Br A& B OB A 77, &ios Pb
(0.212-0.3 mm), HoCuz (0.15-0.3 mm), 725 TNZ GOS (0.25-
0.3 mm) EkA 50:20:30% D AFERI G CTHRE L - = JEHEET
BD. 7P, HyaNOBMEITEREE R, SRR RAR
BIWM BRI, BESNIZAT UL A Ay Y a M0

LLTHIASN TH DY, Fig. 2 T, FNLITEMESNTND.

3. AEMREEHEBR A AR

FIRDODIEHRI A7 GM WL, £ 2 R T AT —
DBENLZE L. D%, BERb— 57 XNz,
WERAE N ZNE L. | BEHAT—UIZ 65 W —E DA FT ﬁ
ZINZT-WED 2 Bt H AT — /@%\@u5 BRI A Fig. 31
TR IARBGEIRE L 2.6 K, MRAE/11 1.60 W at 4.2 K 72
LT, ZORDIERF OB R AT FZRAMMIE 7.6 kW Th
D, %) —1E 1.5% Th-oT-.

Fig. 4 1%, 42 K TOWMHAE D 1 Br B AT — IR EIKT
MZzRT. 1 B RICERE—ZICLD AN & N2 72V IR EE

TiE, BIEEEEN 243 K £720, 1.39 W at 4.2 K DRESI13
LRTWD. VAR EZINZDE, 465 K £TIE | BEHAT—Y
DOSE EFACHED, 42 K TOWBHRENLHFEL TD. 46.5
~57K £TIE, IEE 7TV MOREET, 1.60 W at 4.2 K DfE
ZHEFFL QW AZEN R TEIND. ZD%IL, REIEEA LT
W5, F72, 50 K TO | BRHAT—V O EES L, 64.6 W
ThoT-. LLEOFEENS, 42 K TOBBENIL, 1 B H A
F—IREIRAET D8, Z DR DN AT 450 Fa 3
TFETDHIENDMND. Masuyama 5 D DZIHRERNO AT L
WIPEDFETRE Feints, ~UT AFROELIL (Fig. 2 @ Pb fElkD
BLAVIKEY) DT DIFZBRZERNI T AR FRAUTLL 72D, 1R

REAIDMEFIL TLED, EVORREN RSN TEY, iz bk
FTRHIDODHTRLERINTND.

4. FEH

GM WD 2 BEB B WM ELT, 4 K 2155720 DR E
FO7RREMEIR TdH% HoCur & GOS 2L, Zhbe Pb &#l
BB S G A O CHERE R 21T o 7=, EBRAS R
Mb, 1.60 W at4.2 K OWHEE /%R LT, HF5E B THDH
4 K IS DR HBI ST EE 2D,

Two-stage GM
cryocooler

Compressor {3

E

Si diode
thermometer

Electric
heater

Radiation
shield

Vacuum chamber

Fig. 1. Schematic diagram of the two-stage GM cryocooler.

Pb HoCu: GOS

Cold

Fig. 2. The second stage regenerator of three-layer layout.
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Fig. 3. Experimental result of the second stage cooling power.
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Fig. 4. Cooling power result at 4.2 K as a function of the first stage
temperature.

B RO, BUA R IR EE HRIFE (C) 15K06693),
NIFS —fZ L RF4E (NIFS17KECA053), 725 NI ARSI HIE A
HEE TR GRERIFZE A) O—EBICEEhEShiz.
SE XM

1. S. Masuyama and T. Numazawa., Cryocoolers 19 (2017), pp. 307-312
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Design of kilowatt cooling power Pulse tube refrigerator

& AR (RHBRT)
7ZHU Shaowei (Tongji University)
E-mail: swzhu2008@yahoo.com

1. INTRODUCTION
The high cooling power high efficiency pulse tube
refrigerator is a development goal since the success of the

application of a pulse tube refrigerator in space. A displacer type 0.16 |
pulse tube refrigerator is almost the only one solution to reach
this goal at this moment. A displacer with a driving rod has an a

@)

additional driving force from the rod which can control the
stroke of the displacer. Confirmation test reached over 15%

0.17

efficiency with about 20W cooling power. A kilowatt cooling 014 | |—¢—10 —8—20 —&—30 —%—40
power pulse tube refrigerator based on a 10kW input power —0— 50 —0— 60 —A— 70
compressor is simulated with numerical method for the next step
of manufacture. 0.13
0 1 2 3 4
2. STRUCTURE Displacer weight, kg
Figure 1 shows the schematic of the pulse tube refrigerator. Figure 2 Displacer rod diameter effect

The real refrigerator would be a dual compressor type with twin
cold head. It is also could be a single cold head type which may
meet gas distribution difficult in the regenerator. The basic size

of the regenerator is ©100x50, the pulse tube is ®40%200, 0.18 800
displacer diameter is @®120, piston diameter is @118, D/D/D/U‘D‘D“E‘
refrigeration temperature is 77K, room temperature is 300K, 0.17 | 1 600 Bﬁ
frequency is 50Hz, charge pressure is changed to let the linear §
motor work at resonant point at S0Hz. & 016 | 1400 &
O o
R
=N 0.15 | —e— COP {200 &
= —O— Cooling power
21 50 100 150 200
H Regenerator diameter, mm
\\‘\ : o Figure 3 Regenerator diameter effect
by
RH 23
0.18 800
Figure 1 Displacer pulse tube refrigerator b—n—n
11. warm heat exchanger  12. regenerator  13. cold heat 0.17 | 1 600 B,
exchanger 14. pulse tube  21. displacer connecting tube §
22. displacer front space 23. displacer  24. displacer = 016 | 0\‘\‘ 1 400 &
back space 25. displacer rod  26. displacer spring 27. 8 ' o
displacer buffer 31. compression space 32. compressor =
piston 33. linear motor 34. motor spring 35. motor 0.15 | —e—COP 1200 S
house 36. compressor connecting tube —0— Cooling power
3. NUNERICAL RESULTS 0.14 0
Co. . . . . 100 150 200 250 300
Figure 2 shows that there is an optimum rod diameter, which
is 50mm for COP. The rod diameter contributes a big gas spring Pulse tube length, mm
effect because the weight of the displacer increases largely at Figure 4 Pulse tube length effect

same spring stiffness. Figure 3 shows that there is an optimum
regenerator diameter for COP. Near the optimum regenerator
diameter, the COP decreasing is not so much. Figure 4 shows
that the length of the pulse tube has almost no influence to the 4. CONCULSION
COP. The regenerator length and screen wire diameter also has
influence to the COP. Based on the past experience, the
efficiency of the real refrigerator could be half of the numerical
simulation because some losses are not included in the

With a fixed compressor, the rod diameter, regenerator
diameter, and pulse tube length is investigated. In a certain range,
the efficiency change is not so much.

simulation. This simulation is based on the fixed compressor S% Xk ) ] )
piston diameter and weight. If the compressor piston diameter 1. S. Zhu, Step piston pulse tube refrigerator, Cryogenics 64
and weight is changed, the results may be different. (2014) 63-69
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DNB heat flux in forced convection of subcooled liquid hydrogen
for a wire set in central axis of vertically mounted flow channel

A RCE, AJF Rz, e IR, M T, 89 MGUR); Ak GLI, B T, RRe 9730, B BR(AXA)

MATSUMOTO Taito, SHIRAI Yasuyuki, SHIOTSU Masahiro, FUJITA Katsuyuki, KAINUMA Toru (Kyoto—Univ.);
KOBAYASHI Hiroaki, NARUO Yoshihiro, INATANI Yoshifumi, NONAKA Satoshi (JAXA)
E-mail: t-matsumoto@pe.energy.kyoto—u.ac.jp

1. [FL&IC

Fox OIFFETF — I, IRIEKFEHHBEEGHIROREHT
BWTHBELRDIREKRFZOBIRZEDOREELIT-> TS,
TG ZHEHEL T2 PtCo #RA ISR CHR A ZK 3R SRl 7
TTHERN, BT 7=V E, AR~ 25 %2 T DNB
(Departure from Nucleate Boiling) Z\R ORI EEITo7-.

ST, FEERRERA I T 7 — Vbl T IS BT DI AIK
0 DNB B R R A G L7z, ZRBIZ oUW T, AR
THETS.

2. HEE

FEERAEE L ER T IEOFEAICOWT, BEICIEL TS
DTEMET 1], NED) O 8 mm BLU@12 mm @ FRP H
TR O HOLENCD - C, B 0.7 mm, MEESD) 200
mm @ PtCo filb—4& —% L FFL7= 2 TR O LA E Uz,

IR REICK L, REcRikkFEEL TR
WM LTIRREE TR A ICHEEBEKRO AL Q=
Qoexp(t/t) (t=5s) 5 2HDEFE CTIEL-. 400
kPa, 700 kPa, 1100 kPa OJFE 15T T, KiE%Z 21 K 25
BIFMIREE, W 2K 7.7 m/s $CHA L, FIEKFED
TRERE T I2317 % DNB BWi 2R E LT,

3. DNBBUREROIRTXICDONT
FAFNZC D DNB Bl s s 0& LARTICHR R L TB (2],
dpnBsat = Gheg(py/p)**3 (L/Dy) "3 F, (€]
Fy = 0.29We=%%5 4+ 0.001 for We > We,
F, = 0.020(L/Dy, )18 for We < We,,
Wep %45 = 0.069(L/Dy,) %18 — 0.0034
We = G2D,/(p,0),D. =D —d,D,, = (D? —d?)/d
FIEL, GIVE R, hey AARTEWER, pIXFRIE, ol3k
RS, FAEDL v, IERERERIZBET 20D THS.
77—V G T DNB BWRHRICIY, B T b LB AN
DHFGDRHY, ZOW, EDTF 5L, qpyp sar THELTED
HOET D, FEIZBEED T 52OV, ikl DNB i IC
FEHOUE, BrbW T 7 — VDRIV Tk Clhn I emb,
T CR 77—V EE IR ERD -
4dpNB,sub = qDNB,sat(1 + AScout) @)
A= 14(p,/p) " PE1(L/D,)**
E = Dc/\o/g(pi— py)
Scout = CplATsub,out/hfg
T2 L\ FEE LB, ATgypy 397 7 — VAR T
ZITC, FRRAEHWDIIHT=-TC, MEH OB
7= VERREE T DO, qpypsup DU EEIRD. TRV
F— I ORI,
ATsupout = ATsup,in — 49pNB,sub (L/Dw)/(GCpl)
LRIN, ZORERND,
SCout = SCin — 4qpnE sub (L/Dw)/(thg) 3)
L7205, (3) &)U ALT
dons,sub = dpng,sat(1 + AScin) /(1 + ABqpyp,sar) (4)
B = 4QDNB,sub(L/Dw)/(thg)
ZO@)RERANT, A DOV 77 —/VENES DNB #A
MR ERODHI LN TED.

4. EBRERLOLLE

Fig.1, Fig.2 IZ#NZNRBRIED, @D 700kPa (ZJ£ ) 54
W23 H5H 77— L EETO DNB 2o & s o BR AR
. KO ST ERMEE, SRR I-FIRAEZRL TS,

TOORBIKEOENT, MEKERTHEN, RURESMT
T DNB i H F0E b L2, Zhd, FEIMAl -,
FEERTE D DR E K FERBHNCRKELFETHILERLT
W5,

K26, R, O H 5RO IR (We = Wey)
WZBWT, LW T DNB Wi k2 /RLTEY, 400 kPa,
1100kPa DT —XLMHIL T, We = Wep IZB W TE R L
EBREDOFRFEIT 15%LAN TH -7z

A1, We < We, D 2NEL, DNB 2RO LK
TVMEI ORGSO IO, LVIEM7: DNB 2R
RADEHERAD.

B
AWFGE D —F8I%, JST JoimpOqK R B BT BE 3¢ %
(ALCA) DBk 2 T EE L2 b D TH 5.

SE Xk

[1] H. Tatsumoto, et al.: Abstracts of CSJ Conference, Vol.
81 (2009) p.65

[2] H. Tatsumoto, et al.: Abstracts of CSSJ Conference, Vol.
91 (2015) p.187

[3] M. Shiotsu, et al.: Abstracts of CSS] Conference, Vol.
90 (2014) p.210

——————7——
I DNB Heat Flu B
D=8 mm d=0.7 mm L=200 mm_.--~

[x10%]

P=700kPa

DNB Heat Flux (W/nt)
\
N
\
\
\
\
\
\
\
\

v _,——“'_;“ @ -~ 8K subcooling
I—P— °

y ====5K subcooling 7]
_z: ----Saturated
’ ° ) e o Expe{imental Value

5 10 15
Flow velocity (m/s)

Fig. 1 DNB heat flux vs flow velocity for test body®D

[><105]3""l""l""l""
DNB Heat Flux |
D=12 mm d=0.7 mm L=200 mm __--- -
[ P=700kPa e ]
Tﬁ e
z2r P b
% g
2 @
@ .,‘ - I
S 7,/ o Y St
Tk oy i
=] 1 /’ ———— .
E "/ 8K subcooling
' ----5K aubcooling
! ---- Saturated
® ® o Experimental Value
0 1 1 1
0 1 2 3 4

Flow Velocity (m/s)
Fig. 2 DNB heat flux vs flow velocity for test body@
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Pressure drop and heat transfer characteristics of boiling nitrogen flow in a horizontal inverted
triangular pipe

K F5 (ALK, JAXA, ATy a/KBWFGEIT) s P KB CREE= =700 7)) @G 52— ALK W) ;
/AR BLER, B 52 (JAXA)
OHIRA Katsuhide (Tohoku Univ., JAXA, Institute of Slush Hydrogen) ; WATANABE Hisatoshi (Toyo Engineering);
TAKAHASHI Koichi (IFS, Tohoku Univ.); KOBAYASHI Hiroaki, TAGUCHI Hideyuki (JAXA)
E-mail: ohira.tohoku@gmail.com

CFXE®IZ

JAXA’C TTIR IR K T2 R DA S S TR 2 — RV
VDU IR OBR A HED TV B, x///z#@m%a Eipud
TRATIFIZBLAE N ORISR F8 1T &K AR BNk BEL 72D, &
7o MRS IR AR %ﬁﬁéﬂé*ﬁaﬁjmﬂﬂtﬁﬁ%ﬁofl/—l\
T T R MK AR R\ T JE R L BB i
PEafE 52 &7%%%13@5 ARWFIETIE, KT = A

BB T DA E RIS AR OWE 7 —  RARE,

JE S BVRERED BIR A SN T 5,
2. REREBEBKLURBRAE

TANEZYar w2 1 IR, £E 800 mm, —iZ 20 mm
DIE ZAE OANBEI = a Afije —Z G A AF v AN CTE &
UINEAL 7=, JE AR TINEX R 550 mm CHEITEL , RIFTEL
fREEERITFEALIT M 6 S CTHIEL , SMVEEIR L DR M LT, A
FEFRTIIE SR I K FHOE RIS (TS) . _E&(T6) DR
TR R WS T 5, BV Tt — HEIRERR AR
I EHE N ATEREL TWVD, FiH 0.10~2.1 m/s, #EIE
Ha% Re %t = 5.8x103~1.3x105, M &K G = 77.4~1640
kg/(m2-s), B ¢ = 5. 10, 20 kW/m2 TH 5D,

3. ERHERBLUBER

KIRPE, TT7 W AT T AT T BRI PR - BRI
PRFEDFE 7 — 2 BB LT, KB OE S I
M SRR R Dk D, HERDIE TR K OBMRER
ST UL M B AR5 H IR AR O FE R A — R
WL TRY, BKIRR AR RIAEE) RO = ARE ~E AL
T AEBNIT D70, REBRTIE, v 7% MELT
(0.11~0.135 MPa) {REVE ~EEL TWDT28, JE I ICH
EEOBCEET A VT4 x NADBE (7 7—/ikEe) &
LIENRIET 256, EOYERHA, JE B IBEH 34
Tx<0 TliL, HEFHD Blasius 2 TFAML 7=, ¢ =20 kW/m?

TIEY 77— ViR O BT — I O BRI L 40%FEE K&
IRBIN, ZDMITE30% AN T Blasius 2ud BV —8Z& /L
Too 7AVT 4 x WRAEIENRETIHELIEOLEATIL, =
AEE, ME[2]LFERIZ, AOYE TlE Blasius T, 1E
DR (CARFCRIE) TIXBERET LV (s = 1) ENBERTT
11/0) Wlnterton Butterworth, Khalil ®OJ+ J{8%E5 /L Cit

720 BTRUE & SEBRAE O LA TR 75 (MD) | AZ V(R 7=
(SD) CCERMIZIT-72, MD T Butterworth €5 /L, SD

TIXX 2 @ Khalil E7/VRRVHHBZRLT, A=A
4% CIE Khalil, FH%4 TliE Butterworth 23 3ZER{EE BV FHRY
LTz,

X 3 (A (T5) . 3B (T6) DEMBEER S Bt sl
BAMR/R T, x < 0 CILIK AR SR o it BB 20 KB TH D
728 Dittus-Boelter & b#ka1To72, V77— bl (K
T8 4) DN RG-S (FIHEALET Slug flow) | 526k
AR K 2 H&f“k%d@éﬁ\ Z DO ILE25% AN T
Dittus-Boelter 2& B\ —%Z RL7=, “AHFCIRAE (x > 0) C
WX, VBB B AA T A B ARSI R R NS DR NS 7
D, BMREEROEN &I FEG R REWERRELRD, ¢ =20
kW/m? Tl 958, EIRhB AV REIC ISR
5 A TR EVEHE A K2V B BT O T ISR

WEL72D—ER AT U N TRBVE IR T 9%, B
LESOEREFR L 4 {# (Gunger-Winterton, Liu-Winterton,
Steiner, Kandlikar) D #5530 ik MD, SD # VW TE
BIIATo7, M 4 O Liu- Winterton ETIUNERMER N
MBZRLU, A ZMAIEE TiX Lin-Winterton, % T
I% Gunger-Winterton ﬁ)%%ﬁ{ﬁ&ﬁb VHEBA R LT,
1. K. Ohira, et al.: Abstracts of IWC-HTS, (2015) OR4-06
2. K. Ohira, et al.: Abstracts of CSSJ Conference, Vol. 89
(2014) p.187
1.200 L =550 | Visualization
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Khalil's slip ratio R
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Pressure drop per unit length (calculation)
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Superheating of pressurized liquid nitrogen under rapid depressurized conditions
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Fig.1 Schematic diagram of position of Pt thermometer.
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Image analysis of bubble growths in He Il under 4.7 seconds microgravity conditions
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Fig.1 pictures of the experimental set-up (a) inside capsule (2)
outside
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Fig. 2 Visualization results of a vapor bubble induced by the
small heater; Tr = 1.9 K, Q = 5.08 mW, (a) Head 1 (b) Head 2
Visualized area is about 12.5 x 12.5 mm square [1].
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Fig.3 Time variation of bubble diameter at Tp = 1.9 K,
comparison with the calculation based on the non-quiibrium
equation of enegy blace on the interface which areb preicted by
the kinetic theory.
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