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Present status and test result of 1MW proton beam injection of liquid hydrogen circulation

system of J-PARC high intensity neutron source
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Fig.1 Over view of liquid hydrogen circulation system
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Fig.1 The cooling chain of the cryostat1
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Fig.2 Cool down profile from 300K to 1.7K
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Tablel Cooling performance of 4K class Cooler
Heat 2ST 15| 2ST 2™ | 4K-JT | 2ST 4K-JT
load Temp. Temp. Temp. Power Power
40mW | 96.0K 17.3K 4.32K 61.6W | 61.3W
Table2 Cooling performance of 1K class Cooler
Heat 2PT 1%t | 2PT 2™ | 1K-JT | 2PT 1K=JT
load Temp. Temp. Temp. Power Power
19mW | 92.2K 9.9K 1.77K 300W 37.3W
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Table 1 Experimental results of temperature measurement for various conditions.

Low . Cryo-temp Plate Temp
Cryo-head . RT side RT [K] | spacer
temp.side [K] (K]
Al 0.1t copper Al Al 78.1 299.1 Net 250.9
Al 0.1t copper Al Al 76.3 296.5 9B05 240.4
Al 0.1t copper Al Al 76.3 298.2 9B12 256.1
Al 0.1t copper Al Al 76.3 297.4 Straw 271.1
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Fig. 1 The model of a cryogenic pipe for calculation

Table 1 Comparison of transmission probability of a
cylindrical annulus [3,4].

L/Rq | Berman (A) Devis This work (B) A-B
1 0.5295 0.524+0.007 | 0.5290=%0.0018 | 0.0005
5 0.2081 0.203=%0.006 | 0.2081=%0.0022 | 0.0000
10 0.1216 0.124=%+0.010 | 0.1208*+0.0012 | 0.0008

10 T T T
“E Tr o 7
e o
Q
g o1 f ° . ]
S o
3 o
2 o001 | oA
(e}
o
0.001 L L L
0.1 1 10 100

Distance (m)

Fig. 2 Conductance of the cryogenic pipe for the
model in Fig. 1.

SEXHE

L Rt 7 VN y iR EZENY B 7y 7, F—
Lt (2002)

2. M. Matsumoto and S. Sukenobu: J. Vac. Soc. Jpn.,
Vol. 58 (2015) pp.299-305

3. A. S. Berman: J. Appl. Phys., Vol. 40 (1969)
pp-4991-4992

4. D. H. Davis: J. Appl. Phys., Vol. 31 (1960)
pp.1169-1176

97 20184F BEAK K T2

A



1D-a05 EEDS SN

BEBET—JILAHAITLA N SRS EIRE—5F 2 3f—

Brayton refrigerator cooling system demonstration test for HTS cable
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Fig. 1 Schematic of large scale magnet cooling system.
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Fig. 2 Heat tansport ability of He at 101.3 kPa and 900 kPa.
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Fig. 3 Heat tansport ability of H, at 101.3 kPa and 1300 kPa.

4. EHEX

ENGIERE ) D3 < THIE TR DS R E T AUl v i 73
MBS, ZAOBEH B/ &7 5, KFEANTT AIZONT
[FIC SR DECAE 1238 A 95 1 JJ#8 % Darcy-Weisbach D=
(Rep > 10,000) & VTR L 72, BFNZRSUE NIRIR, #B1ES
SORIEWTOSES ., RIUEREREST-VICHAE T 52T
IXIFIERIZ%E TH-T2,

5. MIEER

M ENREE 2T HBR B IR BN S R A 9% AT REME S
DOTD RN — I % Lo 57210 #PH 2 134R
FTHILITREFELLR R LA BRERE % ) S
HPHZFI 32O R EEL, O G LB 0O A 7
(Febb= 7 Ry NDIREE) Z RESHA TEOH AT,
AR TH IR RO — 7 il £ T R B #i PH 2 & R RA
MTHZET, JVZLOBE T DT LN ATREIC /2D, W T
MOARRAE THAKFE LAY AOBGIERE )T R E7ENT
IRV BN RUE T CHIUTRIR TH LI EREN |
FE T CHIVUTERRERE ) DY — 7 fHE T O EERPA K
FDIFINIEL, FOELDOBNE ik TEHTENTED,

6. T&&H

KBIEANIT LERSENENLL EO RGN ERE N 2R,
1B OB R B ERE AN TS I S IR B~ 7 ko N 4
LLTOREN N E NS DT,
S& Xk

1. A. Ishiyama et al., J. Cryo. Super. Soc. Jpn., Vol. 48 (2013)
p.141.

97l 20184 FERKFRIR T2 - BHEA R



1D-p01

NI o

HETARTL—HYINILAEAEEDERETIL

Isothermal model of warm displacer pulse tube refrigerator
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1. INTRODUCTION

The warm displacer pulse tube refrigerator has the same
theoretical efficiency of Stirling refrigerator. The isothermal
model or equivalent PV model for a pulse tube refrigerator is
rather complex, which need to develop a numerical program,
though the calculation speed is very high. The warm displacer
pulse tube refrigerator is more like Stirling refrigerator. If the
displacer and the gas column between the displacer and the cold
gas in the pulse tube are considered as a hybrid displacer, the
isothermal model of Stirling refrigerator can be modified to
calculate this type of pulse tube refigerator!, which can be
calculated by Excel. It is rather simpler than ordinary equivalent
PV model.

2. ISOTHERMAL MODEL

Figure 1 is the displacer pulse tube refrigerator. In ordinary
isothermal model, the gas in the pulse tube is divided into three
parts, cold gas, gas piston and warm gas. But for displacer type,
the gas piston and warm gas including the gas in the front space
of the displacer can be considered as a gas displacer whose
process is adiabatic, and the gas displacer with the solid
displacer act as a hybrid displacer. Meanwhile assuming the
process in other spaces are isothermal like that in Stirling
refrigerator. Then we get isothermal model of displacer type
pulse tube refrigerator. Compared with Stirling refrigerator, the
gas displacer is a big dead volume in front of the solid displacer.

Piston Regenerator Pulse tube Displacer

IR TRIXSST
IR
seelesetstetateteted

000.0.0‘0‘00:

Figure 1 Isothermal model of displacer pulse tube refrigerator

Volumes of the compression space, displacer space, gas
displacer, cold gas, and back space of the displacer are
Ve =V +0.5V, (1—cos(at — p))
Vo =Vps +0.5V,,(1—cos(at))
Vo6 =Vbao (P/R])il/k
Ve =Vpr +Vp =Vpg
Vy =V + 0.5V, (14 cos(at))

Where, V¢, Vcs and Vo are the volume, dead volume, and
swept volume of the compression space. o is angle frequency,
¢ is the phase delay of the compressor to the displacer. Vp, Vps
and Vpo are the volume, dead volume and swept volume of the
displacer front space, respectively. Vpc and Vpco are the
volumes of the gas displacer and its volume at pressure Po. P is
pressure.VE and Vpr are the volume of the cold gas and the pulse
tube. Vg and Vss is the volume and dead volume of the displacer
back space.

Then the pressure P can be get by

P=MRI[(Vy+Vy+Vuy )/ Ty +Vo | Ty +(Vyye +V, )/ Ty ]

Where M and R are total mass in the refrigerator and gas
constant. Vexn, VR and VEexc are the dead volume of the after
cooler, regenerator, and cold head. To, Tr, and Tk are the room
temperature, regenerator average temperature, and refrigeration
temperature.

PV works of input power and gross refrigeration power or
expansion power of the cold gas are

W, = %§PdVC W, =%§PdVE

Where 7 is period.

Mass flow rate at the hot end of the regenerator

m=[d(P(V +Vpy))/dt/(RT,)

Pressure can be calculated by Excel. Give a Vpao to check
whether the minimum VE near zero. With several times of trying,
we can get the pressure. With the pressure, PV work and mass
flow rate can be got. We can make a numerical program to make
calculation.

Like Stirling refrigerator adiabatic model, if assuming the
gas in the compression space and displacer back space, and the
cold gas are adiabatic, we can get adiabatic model of displacer
pulse tube refrigerator. The accuracy of adiabatic model is
higher than that of the isothermal model, but it should be solved
with numerical program.

3. COMPARED WITH NODAL ANALYSIS

To validate the isothermal model, the results are compared
with nodal analysis method. A pulse tube refrigerator with
following parameter is simulated. Charge pressure 2MPa,
refrigeration temperature 200K, room temperature 300K,
frequency 50Hz, regenerator ®50 X 40 with 60% porosity ratio,
pulse tube ®35 X 150, after cooler and cold head ®50 X 40 with
13% porosity ratio, dead volume and swept volumes of the
compressor, displacer front space, and displacer back space is
10cc and 50cc, respectively.

Figure 2 shows the pressure and mass flow rate from
isothermal model and nodal analysis model. There is a little
difference. PV work is also similar. So it could be considered as
a valuable method for displacer type pulse tube refrigerator.

24 0.02
— Isothermal o — Isothermal
& 22 ——Nodal _gj 0.01 —Nodal
= £
g 2+ = 0
z 8
2 =
[ L L7, F
& 1.8 3 0.01
=
1.6 - : . -0.02 . . .
0 90 180 270 360 0 90 180 270 360

Normalized time, degree
Figure 2a pressure

Normalized time, degree
Figure 2b mass flow rate

4. CONCLUSION

If considering the solid displacer with the gas column
between the cold gas and solider displacer as a hybrid displacer,
isothermal model of warm displacer pulse tube refrigerator is
introduced, which can be calculated by Excel. The results are
near nodal analysis method.
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(50%) (20%) (30%)

Warm Cold
end end
GOS
Warm Cold
end |'7% end

Stainless

steel pipe
Fig. 1. Schematics of two types of the second stage regene-
rators filled by Pb, HoCuz and GOS spheres: (a) three-layer
layout, (b) co-axial pipe.

Fig. 2. Photograph of the co-axial pipe. From the warm end
view.

Table 1. Experimental conditions and the measured cooling
power at 4.2 K

Type Pres§ure line* Comp. Co—.axial Power at
(flexible hose) pipe 42K [W]
I 15A10 m Rotary — 1.43
1I 20A 10 m Rotary — 1.60
111 20A 10 m Rotary O 1.67
v 20A 10 m Scroll — 1.70
A\ 20A 10 m Scroll O 1.79

*The length of pressure line shows the total length of flexible
hoses of high- and low-line.

HEE AAFZEIE, JSPS B E JP18K04095, H[EE /i 7 i
(FRERIFIE A) OBIERICE Ehishr-.
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2. BIENZROAERE
ABFFECIL, R AKGM M FE RDE-412D4 & 4K /3L
Iy S RP-082B2S % IV THIIE A ML 7=, Table.1 |2
ENENDEBHEOHRE— T AR T,
Table.1 Specification sheet of cryocooler
RDE-412D4 RP-082B2S

Type GM cryocooler | Pulse tube cryoccoler
Cooling power at | 5g ¢ 43 35 W at 45 K
first stage
Cooling power at |} osvy 49 K| 0.9 Wat 4.2 K
second stage
Input power 6.5 kW 7.7 kW
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Fig.2 |2 GM /A% RDE-412D4 &)L A5 itk RP-
082B2S @ 2 Bx AT — VIR BE ORGSR R4, HIE T4
AT =D ER A EINU TR RE TR L 72, E7-Htidh
LB e IS AT — R E CHIM{EL T 5, RDE-
412D4 1EBESEIAINZ AL FECDNTIREE EF-2 R Uz, —
J7. RP-082B2S (% 4.0 T FTIFLALRELLERET, 4.0
T UL EIZBWTRBZRIRE A EZ R,

i CIE, PIERE R OB DWW THE T2,

T(magnetic field) - T(0 T) [K]

Cold head

SHI cryogen free magnet

Fig.1 Experimental set—up at pulse tube cryocooler

1.00 . ; .
--RDE-412D4
0.80 || *RP-082B28 ;L

0.60

0.40

0.20

0.00

Magpnetic field [T]
Fig.2 Magnetic field dependence of second stage
temperature [4][5]

A. Onishi et al., Behavior of a 4 K-GM Cryocooler in a
Magnetic Field. TEION KOGAKU. 34, 1999, pp.196—
199

A. Saito et al., The Magnetic Field Influences on the
Regenerator Materials and the Proposal of the New
Antiferromagnetic Material Ho2Al. TEION KOGAKU.
31, 1996, pp.182-189

T. Numazawa et al., A New Ceramic Magnetic
Regenerator Material for 4 K Cryocoolers. Cryocooler
12, pp.473-481

T. Morie et al., Improvement of cooling capacity of 4 K
GM cryocooler in magnetic fields. ICEC27-ICMC2018,
E-02:215

T. Hirayama et al., Experimental investigation of cooling
capacity of 4 K pulse tube cryocooler. ICEC27-
ICMC2018, E-02:214
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1 CoIc RS &%, g e RmEExd4e L,
HEEDERE M OMEEED L Z L 2 HINE LTHI N T
72 [1-6], SEIFE 7 [HH & 725 /N SOV 28 v B ELE D
MM 7R o7z, YIE - MORMFEHEREIC C 2018 28 H 6 HA 5
10 HECTO—HBTHAZNER, BIEL 72N GM 7OV A
BERHEBOERIZOWTHET 5, HEEZTERALDDI,
EBAME UTBEEED D - 725, H2eR Y TR Y 7
MOHER—=RHTRY FICEEIZ R >7-FH, ML 2fiL7-Z & T
HB, TDD, ALFEEE IZERF TR T38K 57z,

2 EEE KGR A, B N RS O B EIE R s S AR X
Nz, B libhTW3 NIMS @ 1020 MHz NMR, /-

TV vy K< 732y M2 TR, BEEHEPEY X—3/4 1D
FEWEIH B AGA N7z, EEFE, NS </NBL v BB D B & 5%
F17, “EVE B EREE”, <RI GREE, B0, W, i, 5”7, <o
TAFARY N EREHEE, BT A LB, “BINEAD T >
REEHR ThoTz, HIOTH LW ZEERLFHTHNTHY
5LV SIHENEEFICEZBL T, TEIHEI LIz,
3.E2E FEFPOHOTFTEVALL—Yarodbl, BEAE
=Y —HRYPD 2P IZnhN T, B M %E SUS316 #300
AV Y aANDFEDF A ETo7z, B—R ) =R, EWM O
— ¥l & B8 (Cu-6Sn-0.2P) #250 X v ¥ 2l Az /-, %
To B HIZI, WBE e & MLI 2 iU 7z, RS Z W78
X [7], EH kO E D [8], MLI D% [9] (2 DWW T, Bk &
3 5%, Tablel IZ25 1 [MH2 5 DFRARRERE L 7TTK 2B 3
WERBEN & 2 H M e TR T, B, M S POWEMEE
TEY, HEEIELDH DD TIERN, %, D—ﬂ‘)—-
F /A THRAREGERE 50 K Z3d8k L 7=, Flg 1 (2 iiEE

#RT, MLIWZ &> TEEMMEBLZZ & h‘ﬁj\ﬁ‘éc FE ik
FHRZDWTIE, BN QRGP L., MIEREA 20 K
LR L EZ NS,

4. B5DYIC TTK TORERNIH I0W B EDH S Z EARE

N7z, RBEESPUMAIZERZTH - 7200, ol HITRE X

N7z Fig. 2 ITRTHEAGTHEIZBEN TN DS

HEE SR OE2TY D, \.?aﬁitu Ha2oWE%2 LT

T 72 MR —, B T 2% 374458, #RVLZ, ColdTech

A2, RURR T RY EEE, 7 740 40 = 7 ERBRG, X

W5 B S5 —, EEZERANIR A ZE T MR, IR — BB, it

BT BB, R - MERMTTSERERS H SO, JUNR S R,

HJTBLVERT BARUEAR RITHR S EH T 2 U0CETH 5,

SE ik

1. Y. Miyazaki, et al.: Abstracts of CSSJ Conference, Vol. 86,
3D-all (2012) p. 234

2. K. Ueno, et al.: Abstracts of CSSJ Conference, Vol. 88, 1C-
a06 (2013) p. 37

3. T. Matsumoto, et al.:
2D-a07 (2014) p. 130

4. S. Kawakami, et al.: Abstracts of CSSJ Conference, Vol. 92,
2D-p01 (2015) p. 128

Abstracts of CSSJ Conference, Vol. 90,

Tablel Reached temperature and cooling cpacity at 77 K.

year Electric Valve Rotary persons
2012 69K — — — 13
2013 69K — 72K 48W
2014 65K — 81 K —
2015 78K <O0W 77K ow 4
2016 76K — 63K 21W 14
2017 59K — 54K 82W
2018 38K >10W 50K >10W 7
15 . y
: /oty
i i /EM |
gof /}5 -
5 0 £ 9 :
2 ]
g | :
i / i
. L . _

100
temperature / K

Fig.1 Cooling capacity

5. Y. Terao, etal.: Abstracts of 1st Asian ICMC-CSSJ 50, 1P-p25
(2016) p. 26

6. K. Demura, et al.: Abstracts of CSSJ Conference, Vol. 95,
2D-p01 (2017) p. 110

7. Y. Takahashi, et al.: Abstracts of CSSJ Conference, Vol. 97,
1D-p06 (2018)

8. M. Miyano, et al.:
1D-p07 (2018)

9. Y. Nomura, et al.:
1D-p08 (2018)

Abstracts of CSSJ Conference, Vol. 97,

Abstracts of CSSJ Conference, Vol. 97,

Fig.2 Group photo at the last of the seminar.
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1. [FC&HIZ
AARIR AT 21385 FAFIEE O B, BATE OIKIRH
i a2 HEEL TR, AF 138 H 6 HAn5 Ao A2
TR - MBI ZERERE (NIMS) IS CRAfES iz, F88 T —~ i
MK MHHEEEAD 1 THY | Fex OF —LTITEHFFE AW
THBHEDE D HIZAT, MR A HIE LTz, AR T
TR ENEBR L OFERAZ DOV THRE T2,
2. ERAE
Fig.1 (2328 Tl LI EBRGTR 700 L 258 1 B O
W& [ % 7= 97, 7 VAR O S Sy & TR S0 IO A4 T
% T BIBE S LB BN CODE—F — D@ T =y 7 %
IABEAT STz, FHMHIE SUS316 #300 A
Tah U, 2OV AE G HEEDE 1, 2, 3 HARNDERET
W R B EREARIE LT, £O%E 3 HHRTHLF T A
YLy ML 4 VTN OE T, BRSO BEPAJE
ZEE LA AN T A AD B LR AATH T & Tl S M A7~
oo Bl SR Ce— 2 — A LBVA T & 52, & A &I
%t DI EEZRE T HZETHIRAE N EZRIE LT, 4R 0%
#Cl Multilayer Insulator(MLDZ BriEVE 22 g | i T L 7= 854
DHHAERIEBIT o7,
3. EBHER
Table.1 1% MLI Offi T-24T 5 TWORWE A O AR O FAK
BERE DR DR THD, FARD 23> TN EITHRR
BIEIREN T ELTODONER TE L, 5 3 HRTIIy 7
NALLyNE 4 SOVTRID 2 FERE LT3 T A
Ly MO J7 BRI AR B R IR S ARk LTz, &7 LA bk
UL 4 L7 BRI EREE ) OPE FE 5L ML Offi T 41772
BB OWHPEREDOFERIZ OV T OFEMIZH T TR 15,
4. BHYIC
JEERFEE B LT

ITOE IR OFE

BREIR STV R G WD I

HIF B, L SN TE, ML i TELSA . iR
PEREDN A UM A FLR 4 H 2 LN T&E T, £ e A
FROFA DT 2 LNV EL Tl L X CHE R -7,
E 23

TSN T2 & ELUIZE 72 b N MR DR AR
AL BFET,

2RI

_______

| BUFFER ! i
| ORIFICE |

I _H;
1=

CONPRESSOR

) YOLYYINIOIY
i 3anL 3sind

Fig.1 Schematic view of the pulse tube refrigerator

electromagnetic valve type.

Table.1 Minimum target temperature of each generation.

Generation PT Cold End(K) PT Middle(K)
First(Basic) 178.3 337.6
Second(Orifice) 154.7 186.2
Third(Doublelnlet) 74.5 115.4
Third(4valve) 78 104
559710l 20184F BERKFAG. L% - B

I
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1. ECHIC SFEOMRIRFAEEE 2 —77 K /NI HEZ /5
S— 1] Tif, EBEAARNR eu—XVARARTH LN THE
a7z, AT, =XV ROEZFERIZONWT, D
B2 mET 5,

2. XBHNE FEHOHE L, HWMORETH -7, HWmaiC
FREINTWZEBM ZEUH U, Tablel 128650 % 33 SUS316
Z 1638 WAL 7z, #IT, EWEOMKIRIED? S 1/3 1FLHE
#1663 +2 M, =D L1z SUS316 # 1173 WMAE LEL -, W
NH A 29 mm, FEL 0.04 mm TH D, EHOHE L, L
AEHARADWERTH B, HAT, Ny 774 7 1 A8, XT)
A 2Ly MO 2 FEEIZDOWT, BLEREZ AV 7« AFHE
EHAZHIE U7z, FHHOE =X, MLIDET.TH 5, ifflizD
WTUE, R [3] THE T 5, MREL T, A AP H2E LI
DWTHARERL 72,

3. RBHER Table2 12NNV AEHRNEEHEREEZ AV 74 A
FORE, ERHME eHITRT, ERE AV 70 A8, &7
VA vy MR HERBESIZONT, FREREDSR R > TW»
{OMWEN5, Ny 775, 7Y% 0 UN-94M-P6.35-L-R,
ZTIA v hFIE, Swagelok @ SS-4MG 23MffibTH D,
Cv X &AL DERID S HAMN - 72, Fig. 1 12Xy 774
7 4 25 BAE (BO) 4.44 mCv OWFIZ, XTIV A > Ly AV
7 14 AFRBHE (DO) 22k Xz EOREREERT, FE
BEZTAKIZT 52 DO DdHEZ LR35,

Fig. 2 (Z &1k 45 SUS DA DEA & HiHHAHID - 72558
DWHAEN RS, TERTURDFREE IR B DT, &t
DN DEESAED R AL L IEE ZARWH, WM O#E WD
ARz RN T WD, BHEHH D 555121, 60 ~ 75 K D
I T, A & AR T ERRBARIC D B, T DIERE T
X, B EEE M FICE T B 2 2R h oz,

A, FIRAORERE BT - 72, WIRGATI, 7OV ZE R
U, BT NA YLy NAY T 4 AREGREEM 2 OV 2R, v —
ZVFHHO, Ny T 7A ) T4 AFDEDNNYy 77 ATH B,
VR EIRBHAA U T S 10 SRR IE, 2OV A BRGNS i
EREL o T\, TNLAEIE, TV Ly hAY 74
AFD )V AEME B — 2 ) —FFHODE O @ WERL & 72>
Too ARIRHDSCEEL SHIML XS & 9258121 Y 74
2 EL 225 2 D5, 2OV AERED S, EWGFTHIC RS
ZAHBLTWELHERDIENTE S,

4. BbYIC MEBAGFEERICSIMUT, f#EEL OV AER
HWEEDEBFEZRRLU T, D2 MBI ENTER, £V
T4 AREIZ L o T, EHMEREN LD B Z &, ER M OREIC
o T, MEHBEHEIEN L D B Z &, 2OV ZE DR B IR IT
B 28RS MEON, BT, IO S 2 IEHE L H IS
RETH 2,

SE R

1. Y. Nomura, et al.: Abstracts of CSSJ Conference, Vol. 97,

1D-p05 (2018)
2. Y. Takahashi, et al.: Abstracts of CSSJ Conference, Vol. 97,

Tablel Specification of cold mass

Material Mesh  Thickness Mass
SUS316 #300 0.0825mm 0.14871 g
Phosphor bronze
C5191 #250 0.080 mm  0.14359 g

Table2 Pulse tube type and reached temperature.

Lowest .
Type Temp. BO DO Material
Basic 140 K 0 mCv 0 mCv SUS316
Orifice 113K 4.44 mCv 0 mCv SUS316
El‘l’;ble 54K  556mCv 7.46mCv  SUS316
Double Cu-Sn-P/
K . 4
Inlet 56 556 mCv  7.46 mCv SUS316
Doubl Cu-Sn-P/
; ‘l)ut € 50K 444mCv 746mCv SUS316
e with MLI
100£ T T T
. o |
N [ )
£ sor .
© [
(]
g— - rotaly R
9] SUS316#300
i 60 I1-|8%8688h|?/IeFE
s el. a
e BO opening
) ) 4.44 mCv
0 10 20
double inlet orifice opening / mCv
Fig.1 Effect of double inlet orifice opening
10 T T 7 T
| rotary X ,
BO 5 56 mCv J
DO 7.46 mCv 'Q b
L .~ SUS316 1
1.68 MPa

cooling power / W
[6)]

/. Cu-Sn-P/SUS316
170 MPa 1

60 70 80 90
temperature / K

Fig.2 Cooling capacity of rotary valve

1D-p06 (2018)
3. Y. Nomura, et al.: Abstracts of CSSJ Conference, Vol. 97,
1D-p08 (2018)
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1. 1ECOHIC  SEDEIRFAEE =—T77 K /NI kS % 55
5—[1] Tl&, HARY T Z2lilEdEs S X —RIZEHE L, MLI
(BB 2L 7272, ZNETORFEREZHHL 7,
Z OWEE A MLI O fii 3R %2 i35,

2. U0SAFRY Y NEEE L #ETHT Aﬂi,ﬁmwbﬁyf
ZMEEED S R —RPFICEE LI 2k b, HERY 75|
%Dusmf3xw4pa%%ﬁbtoé@%%mm¢577
A F ARy FOEZEF[TIEZNW25 THDDT, TNaEEFEL T
£, 7 74F A%y AL, B AR & B RRBUREIL, 65
TELeEZLNG,

54X AR Y N NEEAN DU E Ow 13,

Ow = ceAwTy )

THAZL6NE, 2T, 0 = n2k*/60R3c¢? = 5.670367(13) x
1078 Wm™ 2K, BN AT v L ADHUH%E ¢ = 0.5 ~ 0.6, 2
SAF AR Y FONE Aw = 0.1837 m?, BEREE Ty = 300 K
LTBE, 0w =42~51W LREHNS,

774 F ARy MARE P S DG DT X TEELRIZ

F¥azbircidrwn, 22T, EREBORERERE L, EF
FaAWT, RIREANDRARERD S Z DMTOIT W5,
SUS #oOZEWEIEAE 31 mm, EX 170 mm, 7OV A E 1XHME
21 mm, BEX 250 mm TH Y, BE 1 1/4 ETH 5, i
B, B e e = A D KFoNTE Y, AT VT —
TTHEEZINTWSDT, £ 7mm, £ 250 mm % Wiz,
F72, BRE LNV AED 13 DESIMEIRTH S LEBL 72,
RIS D FEFE Ac = 186 cm? ¥ 72 5 D C, AR~ D U 24
1343 ~51WEAEBBNG, KIREH» S OBGFEIE, 77 b
VOISR e = 0.95, KIRHEE 60K &35 3mW &b,
YT 3,
3.MLI DBET &% Fig. 112 MLI % fi . L 72 Bf DR % 7%
T, U—X ) —FHYE 10O MLL 2 & 1 Mz 2/3 EhR%EL
7zo BREFIEE, S D MLI 2 )L — X2 3/4 EREL, TD S
Z, BN - NV AEER%E 10 JBD MLI T 2 E4IZ L7,

AR AERNZ I, MLI 2 i T U 72354 DR A B

oe (AWT&‘, - ACTC“)
2(n+1)

0= ()
THb, 22T, e=005 00— —HIHE Ay = 274.2 cm?,
MLI [B% n = 20, BREAVEF Ay = 476.2cm2, n =30 £ T3
ELRQ OE2HBEHTEZDT, TNENQ = 15 mW,
O0=18mW k%3,

Fig. 2 1= MLI o1 — & 1) — RN OBHAE N %37,
FY 7 ¢ AR B DT, EELEIZTE WA, ML IZ
& 5T 38 W BEAMAMIKL TV &3 5, Fig. 3 IZHERF
HAOWHEENZ2RT, BAMPBSWEKRTE/Z2LTH, ®
BEE AR IZ T 2 S 2\ 0D T, BV O Bl L, HlE
HEMN 20K MBS LZEEZSND,

(a) rotary team (b) EM team

Fig.1 MLI work

-
[6)]

rrotary
~rCu—-Sn—-P+SUS316
~1.70 MPa

-
o

'w MLI
| BF 4.44 mCv
DI 6.60 mCv

[6)]

cooling capacity / W

,/wo MLI

BF 5.56 mCv
DI 7.46 mCv

/7

60 80
temperature / K

Fig.2 Cooling capacity of rotary valve

-
a

MLI: 5 W /

-
o

SUS316 [ )
1.70 MPa ,B

a

cooling capacity / W

B: 170 — 240
1 ‘ 1 1
100

temperature / K

Fig.3 Cooling capacity of em valve

4. 5HYIC MLIDOHETIZ LD, BAMZ{KKTE 5 Z & HMK

ECTE7, £/, T HEE, 24 M TRVWADPRVWEEZEZS

n3,

BE 3k

1. Y. Nomura, et al.:
1D-p05 (2018)
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Study on evaporation characteristics of pressurized liquid nitrogen

under depressurization

Eb e, bl —¥E, gl —=, ®H @R
USUI Tomoyuki, KITADA Kazuki, MAEKAWA Kazuma, TAKEDA Minoru (Kobe Univ.)
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1. [ZL®HIZ

I, R IR ELARE ORI, HERRR LS~
FNAF—IZBTHRIENR S, ZDT20, ZNHO R EEfiE
RUBLKFZETRLE—PNERESN TS, 22T, K#ET
FAF—FIHOREE B L, KEIC I DRI (A
20.3 K)Dff Efgs 3 tlEis a1, MMEIRE IR THD
TR, IO FEENIC A B LD/ D L D78 L | i
> TLED, DT, HRDIZTER T A LS T2y
PIZPACIASD CEIEARRE CTRIE T2, [ Lo 7 ~fri5T
FTHBIIRRERE ETRIE L2 U b7, ke
DOIETHEMUNIBIE SR AL | REICEREL CHRLL
RHZEMS, 2V /RIS T 22 SR E Z 4T O MBS
H5,

2T, AR TR AR 7K 38 OO I8 358 FEE ok P ] oD B
W% RO 572D O TREIRFIEE LT, MIETRIRZE 3 Gl
JERBRZI TV IR JENEAEE D TR L
NREZEEFANET D, AR EOERERLRNTINZ, &5
WM EBR G2 B B L, 2838 RRIE 2 O I Wb s e B &
FARIZOTHE TS,

2. EREE

EEREEE OB B % Fig. 1 [T, RBREEINFEIT44
AB N REERE, B, FE i, T —Aul —, @S A
FEMMDIERR S, R ATA IR BEHEHO=—F
JVFR KON OB B IR &L CERFRZ T TS,

WZET T AZ AL N, WIS 7l TRIRZE /A (10.0 1),
RIRAKFER (13.6 L), o7 A8 (3.8 L), S8R S
DRSS TEY, B FEMIT SUS304 ThD, VIA4F A%
R FEC ISR TSN TRY, NI O %28
BT HIENAHETH D,

Vent line

Pressure

Flow control
valve

Electromagnetic
valve

Flowmeter

High speed Data logger
camera
Fig.1 Photograph of experimental apparatus.

3. EBRAE

YT IRER s — TR AL, BRFEMHD T
P T NAEE T D, b= —EO MM IVRIREFEE
RIEFRELNET LTS, EREFERAEL, o7 Al
DR ZETRIEZIT), R, 783 AU N

B ) - WRARIRE D F ] & 5 B ) AT\ L DR & B Aa
5, L EOFFIEIZED, BERBRZIT 7=,

FRARIR IR AR OO B E I 33 1T B i I 26 i, MDA
KRB, BREIE ), WERHE I REKFTIEEZLNTY
LMD, WD INTERGATERE LT, (1) RIAEREIX
FFREE (RS —) LR IR AR GRE 2541 HFAE) O 2 .
(2) FREFESNL 0.4 MPaG, 0.2 MPaG @ 2 i, (3) gEmH
FEIX=—RLVHROREEEZDIETEEDO RN E LT,

4. ERERLER

Table 1 \ZHJERBR CHEON-ARREEL/RT, BEHREL
EARBEORBFR T, WRRESCREE I MEbS T, BT
BN DIEE R BN DN EWHEB DAL,
TEUOTIEZ D3 BE O 5 N R BT < e b AL
To3 BRI AR 0 e b S R R RE T 0 28 R B
%L 7poT2tEZBND, LToin- T, DM LIIL Hh G
LCWAREM DO E BRI EICHE A DR EBIIREVES 25,
7o, SRR L R IR BEA LI I B & FRFE D el
T DITHJBRETH D, A IRRBIR AR B IS L T
W7 7 — LIRBEE A L TS0 FIFIIRBEIZ N THR 3
BNV IroTe bB 20D, BREESIOENEHRDLE, &
WESIMBIIEEIT 72 F A, 288 3% <leoT0, @R
D LIET DL, B L TOAIFRIEE L, LW g Hs
XD THDHEE ZLND,

Table1 Experimental conditions and total evaporation.

Testt Liq.u.id Set pressure Depressurization Total evaporation
conditions [MPaG] speed [kg]
runl Saturation 0.4 High 0.2038
run2 Saturation 0.4 Medium 0.2097
run3 Saturation 0.4 Low 0.2242
run4 Saturation 0.2 High 0.1276
runb Saturation 0.2 Low 0.1393
run6 Stratification 0.4 High 0.1482
run? Stratification 0.4 Low 0.1713
run8 Stratification 0.2 High 0.0794
run9 Stratification 0.2 Low 0.0970
5. FEH

B2 R EBR GO T T To T2 ERBRIZR VT, EICK
FEEIZAE B UTHNT LT, S EIORE R, WhiEORLILY
b, BB RER O R BICE R D BERRENL
Noyhotz, o, BRBIRIE CHIE AT 7= T 3R B Z
ZBNDHZENGrinoTo, S%DORBEL T, K0Ek % 7254k
B W TIERBR AT Z &R0, T B 4 S b L CRlUE
ARBRZAT VAT RRE T 22 LD T BD,

SE Xk

1. S. Kamiya et al.: Physics Procedia, Vol. 67 (2015) PP. 11—
19

2. J. Tanaka et al.: Abstracts of CSSJ Conference, Vol. 94
(2017) P. 56
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Time change of ortho—para composition ratio for gas evaporated from liquid hydrogen
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1. [ZL®HIZ

A H ., HERERR LI U T D8 B R L m BBk
FBPBESNTHLH, KRB F—LLTOKFRZ RV
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Fig.1 Visualization results of boiling bubble in He II under
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