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Figure 1 (Color online) Process flow diagram of using a domestic helium liquefier for the superconducting dipole magnet test
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Figure 2 The cooling curve of the cold box under different cooling
strategies

4011



A% h & 2025118 H674 £33

Je BB P T VR SR BRI R (], SR P T4 p5 7L
S WA T R POV AR IR AR B, TOI A i B Sz ke
TR LR RSB, HE AN ) B8 305 5 s b v Sk
FURE RIS AR A 5, R 3 iR

FEI325 TR RIFR R G T RS FORR R 26, W
S FCRRIRA BRI ] R CVTITRR I ], CVTIFRE G, )
G LI s A RS, Babi &5 ET4/NME I
T, MG FREEETHEE,; TR RS AR
AL EL, Tots TR Lo — AT4RHI 2251 KBTI
EERIRIICVT, WM FUIRE TO N H I kR 2= H
PRI BEFERT 31,3 h, S28 — W T4 H E 54 KT
CV7, WA FLIRBET6 I IR 1A R 2 H bRl FE
B}£423.4 h.

PR S G — RS G — 25 Rl 0, 7RV MR IR TR
AAEEOLT, TARE 258 SRR R S B, WA
FEFCRATE S AD B, S286 — ] 15 4 W SR FURR R 72
P EAEHLINFEZ) 1548 kKW h, A EAHLIIFE25.2%,
PET T RS FURR A PR 2R
2.3 ZALES G A T B sl

AMACESRREL ™ A= ¥ 1R AT TR 2 A
JE4.37 K)a, WA FIFHRBMR. WA AW S
AT I BRI BEhs, SR TARIRAS
AR, CVT G IR B IR R A A A R R B
W, WERANEEET LT, T 2R iR S A 2
MAb AR, B, SR PR S A
H—E

300

SLWTHE,
TR

ol O nmmE

=5 0 5 10 15 20 25 30 35
B (h)

B 3 OREIREEA T RS ORI 2

Figure 3 The cooling curve of the liquid helium Dewar under different

cooling strategies
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Figure 4 The change curve of actual pressure p, of the helium buffer
tank under different loads
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Table 1 Liquefaction capacities of the helium liquefier under different

loads
e R ALH(L/h)
1 il B 4 72
2 80% L fif 58
3 20% 1 fif 16
4 Je i fa 0
50 - 250 : T T 100
E4EHIhER| *
L] ke
40} 200 F 74 E@%ﬁ"_?@ 18
o 2 [T —ms
. 31 158
230 -_\§‘150 L :? 150&
= |% < 50 B
S i % g
¥20 |-4&100 5 sl
| @ | XX T "
% ] :g 35
% 26
10F 50f 3 %‘§ 1%
2.4
ol o o
R 80%7 20%faf Fotuid

B 5 SURMASTEAR R AAPIRE T faE
Figure 5 Energy consumption of the helium liquefier under different
loads

el i, SRS R SRR Y RERE AR KU
/N, 0924 kW DL, iBfPRESRETE. BEE T IR
N, TEARHLIIFEREIR D, (HURACARFRARAR . AR
ol B G B4 i PR T B A IR A IR s AT e T,
B PR IGL R, /N, BB RS

RSO T, ARACRAE T B0 T 00, BE S | S
A HEHLVERE TR,

3 A[ESUE AR 2 CREAE N 920 45 1 K
53 B

3.1 ik ALES S AR SIS TIAS, R

P 1T 7 30 15 76 T 8 v il 5 AR A
R, B S AW AR IT O, TR AR Y
AR AR LN, PR EE511600 LLL BB, JF
U i) R 5 A AR A B PR 2 VR S H R A A
PRSI, AL FL5E v I B —E A AT
Ala, TFREREEE . s il SR . Mt
o TAFTE BRI R S FOR VB O, 75 B
FEASFREE TR, JHRRE2m i FOfk . 24
WAL LGB T AR LRI A S A2, 2000 Ll
AN LR SR A AR RS L A 6T 7R .

&6 OA T IR FEIR S 2000 LI AL BU N 1 U
AR AR EE. AB 2000 Lk SUkL FLE vk i) T AL BL
POHAR B B, RS B R A 4 T A PRI
FRWE. BC A I A Bl 5 A w141 R I B B
CD>42000 L ZAt FL - B B Be. B, 452000 L
NS W I [ B VI S I S | 1 s Bl
S RERTEREII, 312000 Lig SR FL AR
AR ZRIER, IS8 BB T AR AP RE

100 ——F—————71——7

90 | E
80
70
60
50

RERAL (%)

40
30
20

10

0 1 1 1
0 48 96 144 192 240 288 336

RfiE (h)

6 AEFEEIB AR B AR R AT R 2000 Lk A
LR WAL A Bl

Figure 6 Changes of the liquid helium level in the 2000 L liquid
helium Dewar during the test of the superconducting dipole magnet
combined with the domestic helium liquefier

4013



A% h & 2025118 H674 £33

. B MIEFRFLLIN [R] 29 424 h, ASUELEMIR 2336 h,
IUE T AW A 5 AR & IR R A iE 1T

H Az 2R 2% 2 78 15 8 S R 7 75 193
W AiafT, Rttt A, Ar-wmsiEs
35000 L.

3.2 ARSI TS

P H R £ 75 B AN [ 45 44 A R A R
S TR AT R R SRR, XK A AL A
R IR e TAE. Ik, FFRiZ e E= 2R K
IEAT AT EE IR T D B,

LA AR Iz SRR 5 TR SR AR HUR IR 1)
A TRERKHIL. A8 LA 375 - A g W D 52
AN A B AL TAE AR B e E =R ka3
U [RISE 5 B K2 1 45 S an & 7 .

SRR AR SESEL, BAUS SEF; LN C
KB, DA R HL. 28—, WEZEHLE 3h3)
MR 5E R GEHUENL 24752 h, SRR TAEIE .
Seg o, WEHLS sh B 52 R AL ILE
17485 h. Horf, i THAEIRRH, 7EE2 P20 21 35
IRAVSHIL, G2 2 B - F1  4a LR Bl As AL, 1HRgtS
AR HGE S R E IR, S =, DRSS shE
MR SE R ZE AL HEFT410 b, Hirb, EE3FZI0
TR R R4 LRI, ZEF3 AT 200337 P e
Bl PIRERE I N Ja PR S IR . 3R LIRS,
BB, Z A =SB AR v LKW AT §Ei2 1T, JH 2
1o A R B I S R

%4 P SR AR A TR R P S R
RAE R IR T 4.2 KN XWALAR N S8 T80 12 THE %
JE, B3 TR APERER85% LA L, ik B FT
B L ME—SR FHAS [ S h1 B 5 R Bl 5 4 3R 2112 THE
3B A S Al .

4 i

R R ARG AR TR oK, A SO T
&SRS R R DAL oY S L T AR,
SR (1) 2E PR A FE KR AR R R
FER DAL, T A R 48 ML R S35 A 12.3%
25.2%, WERS TIFRSERRS RN ST, (2) Al
PRSI T ST . 80% MMy« 20% 1 far A JG 7 fif Y
Z T00H shE G, EWAmPIRAS Fis T se i

4014

(a) T T
. ]
25x10° - Che— —— AT
—— s | 80
2.0x105 | W__rJ_\L_f\____

4 60
= =
‘€ 1.5x10° | z
e
= N
g 40

1.0x10° |
20
4
5.0x10 A1
.is al 1
00k BT . . . L
0 10 20 30 40 50
78 (h)
(b) T T T r 100
o — sE-ET
25x10° - T —— AT
— N
S L e
2.0x10 e
= {60
£ 1.5x10° )
= IX P~ =
TV |qet
1.0x105 |-
420
4
5.0x10 e
- E2_] /FZ GZ\ D2 1o
0.0 k T Y

L L L L L L
0 50 100 150 200 250 300 350 400 450 500

RfiE] (h)
(c) T T T 100
—— BT
25x10° W= A2
— sme-aal) | 80

20x10° | WU‘_
160
1.5x10° | z
i B
HLJU|| VJ 0 &
1.0x10° |

555 (r/min)

5.0x10% |
A3 E3 FS\ D3| 1o
B3 [ a
0.0 k24 ) L ) 1 . . iy !
0 50 100 150 200 250 300 350 400 450
BiE (h)

7 REFARMIES R (). FIm (b)RIE = (o) P KM
BT R
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The performance regulation optimization and engineering
application of a domestic helium liquefier
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The superconducting magnets and the superconducting cavities are the key devices of large-scale scientific facilities, such
as the HL-LHC in the CERN, the ITER, the EAST, the CiADS, and so on. A stable and reliable cold source such as the
liquid helium (-269°C) is required to keep the superconducting magnets and the superconducting cavities working.
Therefore, a helium liquefier or a helium refrigerator working at 4.5 K is necessary for them. Research on high-field-
strength superconducting dipole magnets used in future high-energy particle colliders is developed in the Institute of High
Energy Physics of the Chinese Academy of Sciences. High-field-strength superconducting dipole magnets have large
thermal loads and long test durations, which need large amount of liquid helium for their performance tests. Therefore, the
long-term operating economy, stability, and reliability of the refrigeration system are highly required. The engineering
application of using a helium liquefier for producing liquid helium to cool down superconducting dipole magnets has not
been realized in China yet. Meanwhile, the price of the imported helium liquefiers is usually too high and the supply cycles
are too long. Fortunately, a domestic helium liquefier has been developed by the Technical Institute of Physics and
Chemistry of the Chinese Academy of Sciences. This paper will realize the engineering application of the domestic helium
liquefier applied to the superconducting dipole magnet test platform for the first time. In order to meet the test requirements
of high-field-strength superconducting dipole magnets, a performance regulation and optimization of the first domestic
helium liquefier is studied. It realizes the optimal control of the cold-box cooling process and the Dewar cooling process,
saves the power consumption of the compressor by 12.3% and 25.2% respectively, and significantly improves the economy
of the helium liquefier. After the commissioning of the liquefier, the helium liquefier realizes the automatic control
adjustment function to adapt to variable loads in different operating conditions. And the specific energy consumption of the
helium liquefier under each load state is analyzed. Without considering the consumption of liquid nitrogen, the minimum
specific energy consumption of the helium liquefier is 2.4 kW h/L when the liquefier works with the full load. Through
control optimization and experimental testing, the helium liquefier successfully realizes the joint operation with the user-
end superconducting dipole magnet test platform, and passed the long-term operation reliability test. At present, the helium
liquefier has run stably for more than two months, produced more than 35000 L of liquid helium, promoting the first
domestic accelerator high-field superconducting dipole magnet to achieve a breakthrough in the new index of the magnetic
field strength of 12.47 T. It’s the first time for the domestic helium liquefier applying to the superconducting dipole magnet
test platform, and this engineering application can be further promoted in future.

domestic helium liquefier, superconducting magnet test platform, optimized control of the cooling process,
automatic control and adjustment of variable load, high-field-strength superconducting dipole magnet
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