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Operation history of the LHD cryogenic system

— 59 — 95 20174F BERKFRIR T2 - BAEA R



1D-a02

LHD ANYAJILAS LAY T HI— LI AT LD 10 EEDEEEE

Ten—year operations of helium subcooling system for the LHD helical coils
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Fig.1 Schematics of the helium subcooling system with a
series of the cold compressors.

35018
__3.40 ]

—

330

3.20%

Temperature [K

3.10¢

Mass flow rate [g/s]

3.00¢

2.90

Time [hour]

Fig.2 Helium mass flow rate of the cold compressors
(solid line) and temperature stabilized with the
automatic flow control of the cold compressors by the
heater in the bath. Open circles show the temperature
of the saturated helium in the bath and open squares
that of the supplied helium at the inlet of the helical
coils, respectively.
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Performance degradation of helium refrigerator for liquid hydrogen circulation system of J-PARC

high intensity neutron source
— Over view of performance degradation —
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Fig.1 Over view of liquid hydrogen circulation system
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Performance degradation of helium refrigerator for liquid hydrogen circulation system of J-PARC
high intensity neutron source

— Investigation of performance degradation —
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Performance degradation of helium refrigerator for liquid hydrogen circulation system of J-PARC

high intensity neutron source

— Element test related to increasing differential pressure, which might cause performance
degradation —
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Fig. 1 Differential pressure measurement layout of oil—
lightly—soaked felt by cooled N, gas flowing.
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Fig. 2 Measured differential pressure of oil-soaked and
new felts by cooled N, gas flowing.
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Performance degradation of helium refrigerator for liquid hydrogen circulation system of J-PARC
high intensity neutron source

— Key points to performance recover and future plan —

WRAE B —, BRI Bk, BRI B, R Ak, S0 sanl, w5, HiE A RR UFUT k)
ASO Tomokazu, TESHIGAWARA Makoto, HASEGAWA Shoichi, MUTO Hideki,
AOYAGI Katsuhiro, TAKADA Hiroshi, IKEDA Yujiro (JAEA)
E-mail: aso.tomokazu@jaea.go.jp

1. [XC®HIZ

AU L OB Hids B OB & g (ADS) Clifidis
HUZIE RN, mAEREN ST 2 HFROJRIK 4
B EAT - CEIz, RIGHHIZBITDMERESLIZB b DR IN %8
B[1], ADS TOMOERPRILA FERAVIC T A L 72 22 335
fE R 2)2H L C, ARARMIZRF R TEH DO F R0 4% O %t
RERHT %,

2. MEESIEICEDIRARHADKER

HAZ A~ N5 700 EAE B /AT E S5 OB R A Bl
L, REAEFIERIT RO SRSy, %35, TOMER
{bIKSERA AL ARG B U JIE RS Tl R
AH TR E N7z, BFS° CERN O EOFHE D,
HMICEAREAFHI L TRY, BASHEROTESE ADS DA
Bz bR EOXRELTHEMLIZ,

HIZOWTIE, 2= Ry F IS0 T, TEMER
W & 25 (OS-5) Z @i L7288 D~V LT A 0D 3 BE 1340
10ppb EFRFHFIFAN TH o7, BAHEROTEE KON ADS @
PRI AT 25 L2 Il T 24T~ T2 5, F i THY 145g DR
FIN STz, ZOMO EIE, a— VRN 7 CHIES L2l
DS Z N ETOERREE TR L TELNAETH -T2,
ZAVUTERFCORERIDE 1 MTULED T RIS ChH-7=[1],

Me—, ADS O A AT = /L hOFR R 1T Z R L 7= il
D, Flzrpm AL L CEIAIS N, 7= VNS E L2 IIC L
STIESHRRDFET L2 RBRMITHIERL, ADS 128
357 2V COMDERENARERDIFIKE/20H D L% R
HL7z2],

— 77, AR COE SRS 10kPa 22 DL, BAL
Hags H IR IS MIE LA D, ADS D 1R 1T
SIS THRAETHLEDOLOK 1 KRR S, TN
DFETREETHERITEVIFHEZTHITZ0 825
WA ELTdH D,

3 HADHUERICDER

I— LRIy 2L DA TRIE S e~V AR O
DILFEEIL 10ppb RV METH o722, L rmEORES
FHNFEEIL TODZEND, B Hias DBEVE I Y ADS D%Z
#ixatT-72[1], READIH-T- ADS ZRIAL T, I T7 =
IVEDEBITIH N EREL TODZEND -T2, ADS DA HR
(272> T, WHORIM AT LI BITH D ADS & HIE
TOHE ORI NEETH o727, [RIUT7 = /LMD HT B
WAL T2 ADS I SN TV, BITE, PERESKICE S
JEJJRR OIS, #EHK 7 » AL O, 228 5HER
Dk AT e 2257 (Fig. 1) b DD, 4~5 FE%ICITFAERIE
FTHBRDFETHZENTFHEEND, ZO X, EIEED
M e 72072 e, ZRHOMERPERES L OER T
HHZETHALNTHLN, RARMLIETITITE STV
U,

LthELT, AW LD A OB A kLTI T
ZEEH D, 2017 FE BT IR 1 A HER L5 2 B
RHZRDZENE IV EL G ERRE LT, FEAICE SR %
AR AN D LT U=, AT, FEfatE 45 BlEge &b
W35 2 H 2 E A ISR B L, I BERE /) oMk e 24
BT HILELT, INOHFREREAERQT, BAX R IZT
T RatE D 5,

SE Xk

1. M. Teshigawara, et al.: Abstracts of CSJ Conference,
Vol.95 (2017) AZF#H T 7E(1D-a04)

2. M. Teshigawara, et al.: Abstracts of CSJ Conference,
Vol.95 (2017) A3 T (1D-a05)
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Fig.1 Trend of differential pressure at HX1-HX2 (A P1)
and ADS (A P2), and outlet temperature of HX2 (T)
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Correlation between heat capacity and cooling power of 4K-GM cryocooler with Er—Ho binary

nitride regenerator
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Fig 1 Coolingpower vs heat'capacity of regenerator
materials in second regenerator column.
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Design of linear compressor for SHI new model space cryocoolers
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1 K. Kanao, et al.: SPIE.DeffencetCommercial Sensing
TRI-TECHNOLOGY DEVICE REFRIGERATION(TTDR),
Vol. 9821 C1-C10

Table.1 Target specification and 60W comp specification.

Item Target spec SHI 60W comp
Maximum input power 120 W 60 W
Compressor efficiency > 82% -

Motor efficiency > 85% -
. < ¢ 98mm ¢ 98mm

Size

< L230mm L.230mm
Mass < 4.0 kg 3.3 kg

Fig.1 Schematic view of designed compressor.

Table.2 Specification of compressor at design.

Item Specification
Maximum input power 120 W
Motor efficiency 85%
Size ¢ 110mm X L200mm
Mass 3.5 kg
Maximum trust force 80 N
Maximum voltage (rms) 479V
Maximum current (rms) 3.2 A

Table.3 Result of calculation with pulse—tube expander model.

WX, 572703 A &L T Gedeon associates CK) 7ML T Item Calculation result | SHI stirling
W5 SAGE 7125 2% -, EHE R ANEL | B 7o Cooling power 6.2 W at 77K 1W at 80K
TATZVHMEH TE DO TR AL — T 72 BAFE A ATHE L7205, Input power 120 W 40 W
SAGE 7' T LD N\ Zd 17> CIEMEATRGE R Lo i/ Compressor efficiency 82.8 % -
ERHRLRE B 2 UM OB EAT o7, IR E ITTHS Operating frequency 52 Hz 52 Hz
ERAR Initial gas pressure 3.0 MPa -
— 66 — 55950\ 201 74F BERKFANIR 15 - A E A4
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Magnetocaloric effect of single—crystal GdTiO,
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Fig.3 Entropy change of single—crystal GdTiO,
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Study of magnetic heat pump for on—board air conditioner
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Heat transfer coefficient of liquid hydrogen under film boiling for a pipe
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Fig.1 Photograph of experimental apparatus.
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PIV analysis of the oscillating flow field in He II induced by noisy film boiling
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Fig. 1 Planar heater and visualization for PIV application.
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Evaporation characteristics of cryogen under horizontal vibration
—Making new type of thermometer—
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Fig.1 Photo of CrN temperature sensor.
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Fig 2. Time chart of liquid level detected by MgB, sensors.

Fig 3. 3D liquid level imaging inside liquid hydrogen vessel.
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Pressure transducer test in liquid hydrogen
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FRBRIZ I KYOWA SUBAKIR /N ) 28 42 PHLA-B2MP-B
& KULITE SRR £ ) o 3 —CCQ-093-17BAR % A
7o T OWIEHEARZ LU TR T,

1) KULITE CCQ-093-17BAR
EREZ R 1.7 MPa Absolute

TEFSH 1oo mV (10V DC ZE i BikiEh)
IREEMHERIDH 195, 5~38 °C
g =3 7 ke 5 mv (fREFE)

2)KYOWA PHLA-B2MP-B
EREZ R 2 MPa Absolute
ERsH /7 10,31 mV (5VDC B J5URED)
IREERIDH:  -196~210 °C
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INBOEI ' —%2RKEERRNATT O JAXA vy b
TG ZERE U 72 iR O /K 38 S BREEE NI D T,
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BB RS T 1002 L 30H, D2 — /SR 7 4 L X —%
ANTHIEL, 1/100fF LT —HHEELZ KD,
4. HERHER

Kulite [EJ1& v —OREAE R % Table 1 & Fig. 1
W2, BRI, m3K~%1K@ﬁﬁfEﬁ%%k%
M5 1140kPa £ TEX =7 V—7 ki % 26.1K~27.2K
ifﬁ7ﬁwmqun%mif SX - N—T IR
29 K TS % 694 kPa~1106kPa £ CE X 7= 7 /V—7124y
FCHEE L7z, Table LIZRT LD ICREIIFAELE —ETH
o7, PrSARU 7 MEIFig 1R TX912+2.6mV TH
otom%mﬁ LT 2.6 % RETHDL, A—H—0

REMMBERE CoMmAERBRE L LD L EEN
0.001mV/kPa g\ A3, Br i R 7 MIHENTH 5,
KYOWA & > - —OllifE R % Fig. 2 IR T, BIRT 5
X olT, IKFIIRIET S E TR 10.3 mV OF 2
ENCY7=5-2.mVECTCEr AN RKY 7 MLTCLESY, K
U7 REMIET S EBURT D L 9IS A — T — O E gl
y=5.154e-3%x ELFAL EI -T2, KU 7 MIRE WV ARSE
EED LRI ERyoTz, ek, KR TH%, BEM
TORER R LV IXD DIRWEEORF T L2
N X ARG IIEE & RO o Tz,

5 F&o

AR FEFClE, M & &SI 35h E A LT v an
KU =7 b Uiz, Z8lE, KULITE DEEEMEBIED 2.6 %,
KYOWA {£ 24 % ChHo7c, BEuamd KY 7 K /f,rafrmi‘ﬁuﬁ
FL M&ﬁvk%qﬂﬂ%ﬁﬁﬁ ETH HAN, KYOWA D z:tF*Z
EMELS KU 7 Fﬁf@FﬁTﬁ%#ﬁ%m@ﬂ%w
WIS %52 T 1=,

Table 1.
Temp. Pressure Output pressureZ= VoltageZ= R
K kPa mV kPa mV mV/kPa
20.3 88 8.01
21.9 422 28.3 334 20.29 6.08E-02
23.1 721 46.12 633 38.11 6.02E-02
25.1 1148 72.35 1060 64.34 6.07E-02
26.06 404 26.35
26.35 705 44.12 301 17.77 5.90E-02
27.24 1114 69.19 710 42.84 6.03E-02
28.9 694 43.58
29.2 914 56.76 220 13.18 5.99E-02
29.6 1106 68.79 412 25.21 6.12E-02
80, T T T T T T T T T T T

| KULITE CCQ-093

60

e
B y=0.06*x+2.6
A

T y=01059%x
A =T — ARG R
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Fig.1 Characteristics of Kulite pressure sensor.
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Fig. 2 Characteristics of Kyowa pressure sensor.
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