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Thermal Design of a 10-kW Helium Refrigerator

*
Hidemasa YAMAMURA , Takashi KATO, Eisuke TADA, Tadao HIYAMA
Kk
Katsumi KAWANO, Masahiko SATO  and Susumu SHIMAMOTO

Department of Thermonuclear Fusion Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received March 9, 1989)

The Proto Toloidal Coil program, which is to develop the large
superconducting toloidal coil for the Fusion Experimental Reactor
(FER), is being investigated. In this program, construction of the
10-kW helium refrigeration system is indispensable.

This paper describes the optimized system design of 10-kW helium
refrigerator based on the thermal analysis. 1In addition, the key items
to be developed for the large scale helium refrigeraéor (30 kW X 4

units) of the FER are described.

Keywords: Refrigerator, JT Valve, SHE Turbine, JT Heat Exchanger,

Helium
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3. 10 KWA~Y) o a 5@y =27 4B GT

BL2ETHE, BEYATLERNT 2FEBRERICHT AU EREE 5D RSB,
TIKEWZ A, MNIIIWRT 7ot ANRETHB L L0501, #0T, AEiCEBOTH, <
DT o2 ZCE VBRI 2T,

3.1 HEH

1 Mg . RS L TERY A,

2}tk . EHEWEEES . 10kW at 44K
TEEHALEEST © 3000 £ h at 44K
HEEEREE S © 3KkW+ 3008, h at 44K
WA ERAES] - 100KW at 80K

a4 JVEE ;200 ton
T RFEFE . 1,740080 F
VRAFLTO— DTS4 g o

3.2 RHESRH

HABHLITORY -, UToREEEEL .,
1 #EAR (®1L10Q1-Q8)
Ql=2400W, Q2—600W, Q3=300W, Q4=400W, Q5=200W, Q6= 200 W,
Q7= 100W, Q8= 100W,
INoDEMEE, BFEDL2KW - 350 £ h~) Y ARHBORBAERL DAFLELDTH
B
@) H#HBOSEREIRE, 065& Lis
B BAERD L A VFHEEME, INm®/h=1kW
M) & - rzhk
P D! ¢

y = 87.5 — 0.45 X (3-1)
m
21. 1%V r
D= (3-2)
414

T, 7 8%, v WOFARE (kg/m*), 4i:W#E~y F (J g, m#EE (g/5),
Po : AOMEJ Catm), D: A4 27— (mm)
(B) Y rBEEESHEEHLLT, avT=—%s L,
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3.3 TEEEDR

EFRYIC, BEENOAEMETS & 5B 2T5E, HBNURTHALLESL, CO
Cxowhs —id, B Fl T REFER, 1280870, AEEGED T LIV
FaoRAEEGDTHREMEBEMEL T HEEZ 5. KIZ, T AT RRELEE R
bé&,@3maﬁﬁ;ﬁmméoc®®¢6,ﬁ%%&mz—Tm$;UATmJN4ﬁﬁﬁ%#
&ﬁ@,ﬁﬁﬁﬁ%&bf@%wmwmfﬁéccnm,ﬁﬁ@®¥ﬁmmﬁb,%ﬁxﬁﬁﬁ
@Té5&%igﬂéo%0f,U#%ﬁw%Q&—57%%ﬁ®ﬁ%%%?6&w;0,%%
BARNT A LENE S, COXICLTRDIAHHIIDLEBTHL, IDEEDHBAN —
Whic = 7 v £, 2heahlogsL U1/ 30BETHD, HHEAEmEL T e, 3
MESENT ALE UREEER TS EHRSTHLERELN, LOBREGOREEZDOT - S
KAEBG 3.3 IR o

3.4 EFREEOEPEL

S hit, ERERLEERT DI,

() SEHE L OEAR S — € VEESER3AICRT & Y, BBIESICT 5. £, A
e Ed B

(b) VA 2 v IEEELHEANE T S,

(¢} 74— FIEERBHHENE TS &,

HhEZL oML,

b 2 (208G, R LT E S ic WHEE: & BRSBTS ) A 7 VBRI R A
%1:2&ké<£méc&%ﬂ%¢5%@fééovi@,@ﬁ@%ﬁ@,%&l@@&—e
Vﬁ%ﬁ%ﬁﬁb,ﬁmﬁ%fm,%&2@@%@50cm;émf%&,@ﬁﬁ%%@,@a
1%%#&A®ﬁ%ﬁ?%%;5mﬁ%c%®%%,JUMV¥@$ﬁH/ﬂm&ﬂU,ﬁﬁﬁ%
%ﬁﬁﬁéoéam,cm%é,ﬁ%mﬂ?%@@ﬁﬁ%b@ﬁ-ﬁk%ﬂ@ﬁ%ﬁﬁ%&ﬁéa
. BEADEAH DR, BESESETCEAORITEN, $, REERD SRLERI
ﬁﬁ?%%%,%if%ibfwt&FEV%%%M@HéthHwtwm,#%mw%#b
H 2 BSTPUC A D RLRIC B A BB, SbiT, BESSVEMMCILTAY » P HET
%

e 2B BEBRBOTS, r—2ail RBEEOLERGBOBOVENATL. X
& E330EEEBNT, )4 2 VERRIEHE A 18atmp S 12atmic FiF 2 L, % h v
) —319% 5 BEEET B, — Aalith B LENTHET LA 0PE, £, -t
ﬁ%ﬁié@f,E%ﬂﬁ&ﬁ%%ﬁ@ﬁﬁﬁﬁ%b@ﬁ%@ﬁ?ﬁﬂ%ﬂ%ﬁﬁ%éoéwq
TSR 7 U T LINEIRR OIS, 7 vy —OEERAEARSE, BEL WERIRET
S VREEICT DB, BRI, 47— AdORMERENBSICRT. CORRPS, ERAS —
E VBB A (T6) MEF 45 EMRsALES 2, 74— FEMEHILEID &S,
SF L bEhEE RS T ESHB L,
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PEo#ahic L, T3 VvFNREIY o257 a0 TEMEAEEL Tr—2a)5—EB8N
TWEHEFEZ L, COYAFLT O, HELASNT v RERI 6T, MBI,

TOYRTFLERNE,
3.5 WMEASE

0 #mmEe—F
DANOFTBEIE, SHEB -V Ry 220 TFREETLTUTOEIETITY. (X3,

T8 LUK 385H)
24 VEHRRE Tin=80K £ T}, 300K35 1Y 280K 4 vo~) v adxERAL

(a)
THHBEEAEZIET L. TOBORD 4 vidI74 AR, 7 4 — FEEROTAR

TR,
(bl Tin=80KiT/i~»7ztk, ¥ —E VIEREAELE L, AR AEFNIC0KREETF
T, ZOB aAVvhoOREVBETRIIED, FTilokSkED T4 vAEEL B,

4B : 60K<CTR<C 90K

74»C . 4A0K<<TR< 80K

74vD: 20K<< TR< 40K
(c) 24 WEHBEA0K LT THMRSEEER T4 2,
0KEINTE, AN Y2528 Lo 4 VESER 4 4K £ THHEIT 5,
TANDAARRTE, T4 VITEKEBEIEB T IOt AEMRGEE %
BOKLITICIEB L HicT 5, COMBLCT 24 villB#HEoKBRE 1B

(d)
35T,
BROBEDEL
LN bDTH L, BEIE, BT TROZHLENH L,

@) a4 VOHIER R
A4 VOYHIGERR (300 — 20K ) id, BB, oA VEEA TN L M E T %

THOBEBF L, DT IEEEFHRBFEE RS,
300>TR> 160K (EAEFEELOA)

{a)
MCmdT = »ymCp (TR-Tin) dt (3—-3>
M Tz  CmdT
t = {(3-4)
7mCp J1: Tc—Tin

HIEHE Cp:dihkE, TR:AHED

TCT, M: 34 VER, Cm a4 vES,
T: a4 LA RER, 7 BIRER ¢

m;
wE, Tin: SIEHBES, Tc: o4 VEERRE,

SEHESETE S,
CmBzLUCpld, BET, T, HoEHEERT X (3-4) b Tc~- Tinit, Rkl

o HICHIBOK TH 5,
(b} 160 >TR>>20K (¥ — bt v[EiEtEexr)

QR =MCmdT dt (3-5)
Tz

t =M J (Cm/QR) dT (3-6)
T2
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ZET, QR: PHAREEENTH 5,
(3) #IHAERAES
[3.913, #EABENE A VvORERECEGRERT. CORLD, 21 vEE=200
ton, EAHAR= 0504 T RITOBAELES (100kW at 80K) i3, MEIEE=5
— 6K/ hrichHYd 5 EBan5,
wic, a4 WEDIRE (TR) %35 A—# LT, ¥HEEEEE KD 5.
{a} 300 >TR>160K

FRUEZED T, EEEEOATTHRETH. LOBEOHEHRE, B3 10IKRT.
LT, BAEEENERLRARCEEL TN v 2%RD 7 (37008 h)e &7, 24 v
AOEHODBEZEKE Lz, COKMS, TR=300KDE, 24 v~70g, s @
BEHSRIETRET H B, S, GBEEEHNEL TR, HN0KWTH S, Lok, »PROK
EHABHNAETHE0D 108, HEBBEELTE, oL 8KEEZTA 0
B3 22 EAFESEOMETURETH L PRAETLMNERH L, TLT, 4KDONY Y
LEEERET L, #9600 s THD, HEBOBITEPIKTHLI EEFEADL ERUDARER
FHIcE s EEDLNLS,

{b) TR =<C160K

TR, 4 VEBEREIRACTTIGETY. ¥ - CVEIfERAR, 3.4 Bliimd LD
iz, mvT=—F45H0i, - CVBREADREL 74 -5 LT, WELEANRE
AT eI EXS12iTiE B, oL, ANBESEL S EREWNS KB,
EEE & LTHAS (S, Lirl, HiEfidas kil s — v v ZREHEER T,
HEEICRS 100kW at OKABELHEOT B0 5, f&->T, TR<IBOKTH, SiEA
BEBRER S — v EERINCERT A UBESH S,

IOk S REMCESY X5 RTR> 120K TiE, BREOFRAREREGL, FRECEE
DH AFEBTEEVSIRHAESE, N5 VRAFHEETO EM3BEL L, TORED,
BAEE R, BMASZRNEEOHYOAT, BEEDOBINCIELL SN, HEEECS
LD, KBICEETT Epnhb, Chid, §-E VEBERORIBICRED H 2D ERH I
botrzlickb, COEE, 74— FHREMSENL T3S,

7, FIROWETRTHESELENL, R3IOBBCRTOOTHL, 7270, K39
OREEHIE D A VEERETH B, iR a4 v EEEESKE, RO A RREE 120K
HEL, 2oL XOMUREEEAIII2EW &Y, VEHERREEI00kWERAFEEL
T35,

B0, B A RIBEKH»S 0K OfifRicks\T, RPN EEES L EASRG
FDEDUNE 3D, BHEBOERPEZTLWIREICH 5.

Wic, a4 vEE200ton (SUS E{EE) B0 FMERRIEER (3-4) BET (3
—6) ARVWTHTE TS &, NIOBMET S, $i, PHPEIEREI20EE LGS,
#1350 ton D 3 4 VA BHIRIBETH b, Fofi L, BAKEEE, 05THb.
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3.6 HEBEER

EER (300 £ h+3kW) IcHd 28 AITHE, 3 MDEI K5, 2T, #it
TANFHEE, BREERICHYT 2 BEERERY, TEELONECREBUNTS 805 HE
TELETH B, BEFOBRETE, BAMOA LhRDONEVDT, CTTR, SEEAERA
Y S 5 UA % AV T 5,

UA=Q./dt (3-17)

LT, U RAERERE A ZREHE Q BB dt dHCEEREE THo,

ZEERICH T 5 UAMBE, RINRIEITHD, £314L0, EHEER, HTHBELE00D
AWALEES LD A Dy rat, RO, BEERIKESESHA VIS0 EHahbE, &
olit, EFEELEET 2eBmBEL2E TN, BORBEESAETHECEARLTLAS,
2% 0, UA (REEEK) < UA (EFEE) Th 5,

#3.1 BEECHTIUAE

3000 1/h 10 k¥ 300 1/h +3 kW
UAZ0 555,660 385,366 194,?90
UAZL 67,740 17,890 30,837
UAZ2 48,410 658,712 11,645
UAZ23 53,030 98,187 17,066
UAZ{ 18,250 34,929 8,296
UAZ5 il.750 35,292 9,942
UAZS 3,370 13,093 3,361
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o,
COOLING WEIGHT 200 tons ;}’
HEAT EXCHANGE EFFICIENCY 0.5 &7
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MEAN TEMPERATURE OF COIL (K)
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REFRIGERATION POWER , Qg
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! I I
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4. S % O RRE

S;]E

BRI 2 E 2T, 10 kWRHED FEEEE & ORRBIR T <& 30kWH BB ICN S 5 B
FIEHERT b
(1) 10kW A

(a) =gy — & ks ™ ( 600gs, 18,3 atm)
(b) &Ry - vEEg” (1000 gs, 18,73 atm)
{c) SHE# — & ipiksg ( 600g, /s, 18,5 atm)
(d) iR R (1000 g.”s, 3.718 atm, 80K)

«(BL, ¥-— vk, FRERo 1.2 KW iS4 A O CEMEREREBR AT, 10kWn
S TSRS R A S T A & HC BRI BB YT A~ EEE LT,
2)  30kWiEEE

(a) BEEMS — iR (1500g s, 18,3 atm)
(b) [R5 — ek (1500g.”s, 18,3 atm)
(c) NABEETRmEE (5000 gs, 1,18 atm)

2T, EERTREBRNWIE Bl EIF A4 o 4 # R TEICE VT 500 g7 s OIERERER
£y 7 L1008/ sOIEEHSE Y TOMRBAKI TV S, 22T, ARINLORINERER
R £y FRICSOT b L0kWARR I EREREORRE (5 - 6EOBERPLETHL) F
BETH D, (KEE Y 7EEHI O D WAREBRORRE, K315rd & 2I0kW i
HARBAY Y FELTHERT AL EMNEHTH S,

DL ot ic k DA B O TEMREROBEREE AN L, TORRICEDEI0KW in &
o RABREET AT X, i, BB I U0KWREROMBEEREREICTLL EHTEI,
FORREETLEDLHE

1) 1]THEARE2]TRARELEL R, AiEimcsLC2 ] THRTAN] THGE

i BB R LG B SO E S ot Fi, WALEETH E OERITKE
HEMTLOT EBDP - T

@ JTHEANEMEELTE, batm, SKEESTEETSH L.

(9 #—EvEFAE®RFLIER EYBL DAEFIEE O EOEPRLAE TV T &

et

@) - vEERoBEEIELEEE L TR, SRS - v RS R AT K 30K, BR

fll % — & vIgREHEESHIK TS S,
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;;2'13

4, S H o RERE

FURE AT E A, 10 kWREED TERES X OIFRMZE S ~ & 30kWARBICH T 5 Bl
SEE A% 5. |

1) 10kWiBEE
SEMs — & iR ( 600g,/s, 183 atm)

(a)

(b) [EEM 7 — v iEiEg" (1000 g./s, 183 atm)

(¢} SHE# — & ik { 600g. s, 18,5 atm)

(d) {EiRFERFRE (1000 g/ s, 3,18 atm, 80K)

{0, #—cviEREd, BEgo 1.2 kWisEE AR O CEMtEERRETY, 10kWiE
Fl i AT A S S & R BT B YT A — 8RR L.
(2)  30kW /%I

(a) SiEE s - v R (1500 g, s, 18,73 atm)
(b) 1EEM 5 — & Rk (1500 g.”s, 18,73 atm)
(¢) KRBT EEHE (5000 g.s, 1,18 atm)

T, EERA VT RAERGS, BHCHEIE A oA FUEHEICE LT 500 g /s DIEEER
By 7 E100 g, s OERBERS v TORREERL TN S, £IT, SHINSOEWM AT A
[EEA Y TRIEBOT b KWARK I ERBEREOATUL (5 - 6EOREVBLETHS) P
%%?%50@ﬁﬁyi%ﬁbtcm;émkﬂ%£®ﬁﬁ@,@3wm%¢;5KNKWA
HilgAERBm Ry Y FELTHERT2ZEMBEHTH S,

DL EooReat ik D A s o F BRI S 0BFREE PRI U, ZOMRICE D SI0EW @
%@%ﬁ%ﬁ%ﬁf%toit,E%ﬁiU&mw%ﬁﬁmﬁ%ﬁa%%%K@%C&ﬁf%ho
FORRETEDD &

1) 1]THARE 2] THRARALBL LR, HEERICEV T2 THERAPL ] THEX
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