MG b & 20225 Fe7H  F 211 2482 ~ 2491 ¢ (PR ) AaE AL
SCIENCE CHINA PRESS
CrossMark

& click for updates

RZIRFF R AU O BRI SR S5

AR, RER, AP, T, KA, kP, iH A, AR, S
1. ERRA L AR5 T RIR TR S 508 %, Jbat 100190;

2. TG IEIEAEHIABRA R, Jo8) 214145;

3. fREEE AR BRA A, 45HM 350299

* A A, E-mail: zjhu@mail.ipc.ac.cn

2022-02-27 Wk, 2022-03-30 &[], 2022-04-06 437, 2022-04-08 P4 i & 3%
[ T RRHIFR A BRI 30 H (ZDYZ2010-1, ZDYZ2014-1)%5 1)

L ABAZAREFHARARZLEZAE AR GEBHAFZERFTNRBRER. LT B AEFEHFINEEZAK
A ZARIR R A IR — A0 &, BARE T T — AR E S, ZEAFREENE A GG EZ—. 4t
EHRARBRGHRAAHFERARARR, RIFAXRTEATAAIABREEFENROEAR, BHETFHAL
T HMEMNAH, BREH-LALERAE. BRETETHNIRRE MR ELN T EFREL LT EER
%, FAEN HeflfMER TRAELENALBEAHRIAL, S FLEFTHELR, #—FRET
KR, WAEEATHE TR T o0, RAAMEE R EEE T B, B TN TEE. FRBR T EHE
He 36 B A 4~15F0 2 B H 8 7 B 4100~10000 Nm'/h#g i T 40 7= &, 7 B & B oy o f 35 A3k B S fb T 2 7 Bl 4

FROAANFEEEEREARERE. MALEARN. BTk, TEEREAAT L ERGENHEANHERT K H

BESRA A, BT REHEHE. WA,

Kegtinl

RAGARIR R G —WeA823 K(-250°C)LA T+ #ilid
R T150 WIIRIR R (S HER (S 500
(Export Administration Regulations)). KAVGARIRF A
TERTITSE AR 5T . RRIR ST DL S iR . BEUR . M4
Bl ARSI EA RN . AR EMERARY
SR, SOOI TR A A0 T, R R s )
P EA HEA R, WARE 4.2 K, £J-269°C)
HS ISR SRR (=271°C) F R SEdt T &
TREEM R R, WANUE BRI R G A &
BN, NS AN T R ALt B R Y
. BRE R A(=271°C) 2 —Fh AR H A5,
TR RA TR SR AR e Y AR

AR, EAFE G, ABRE, H%, A0, 85

At R R F L E R KR

SR P E R R R EE AHOR, #4
T ER FZ R MK LA R R s St ag, I
R TIRIEP A Bk A RAEHL. IRERLLE
DIBE LA S TR LR HE?, SR PR IRIA T 2
Al . B AURRILLES T R0 1 2
FEAFHLII DL AT, PREF R R TR R AR ) R SRR AL T
R IR s NN TR 3L TR = ARG S VAR (| W W PN
QURIEL T AR iR EE A AR L. BRFT 4PN 45
e, Wz AT i), B, B, BB
2y, [E R

LA AR R G BR AR E v BAT Tk
SETEMER]. FERERE T, RS WHlil& i — e 22

Bull, 2022, 67: 2482-2491, doi: 10.1360/TB-2022-0220

SUKSA: W%, RER, MOCs], . KREISUUBFF RGO HORBT R & SREH. FRAFE AL, 2022, 67: 2482-2491

HuZJ, WuX1J, Lin WJ, et al. Large helium screw compressor core technology development and industrial application in China (in Chinese). Chin Sci

© 2022 (PIERFE) btk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2022-0220
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2022-0220&amp;domain=pdf&amp;date_stamp=2022-05-20

L EAHLIEFE240~500 WIGDh D, RIR RS d Rk
PRt B P B RESS FT,  HRAEHLEE S R IRR 5
GAFAILA I ] LT AH 24 T A A i | S s i ] )
AL R, KRR T AR SR LA RCR Al
MRS TEREMER. B TARS T RNE S
T~ A PAEEORAT RO 2 SRR PR AR A, ZX
FE AL ANE BE 5 T — AR By R AR AL, IR
K, HA DR R ESRX —HOR, FFRTIR EAUR S md
ARGURSLATH O IR HE. SEE (w6 M
K (FLEHITERY (Commerce Control List)5 1)
KA v, (0 S SIRFT R LA 2 T
ERT130 Nm/h, S AR AT 15 kW.

19344, B BB - 3 1 B CALF Lysholm)™ P
LA 52 U (Heinrich Krigar)' ™ 18784F AT 2 EE XAL
LRRIRGRE, BT SRR R L. AT
FEARPLRY & B, MBS B S T 2 Sl ny g &, 78
TAEHARWFEEARAH FBARIZH RS E L. 8T
FEARHUSAT LR, FBRH T AXTRI L AT
BHIWITE AR & k. 201205044, mtim =T
FEAEHLIF AR A I ZE R HLAE v S . 3%
BT 19654 TH R i fil R s SUEZE L, PG F e fe
FIT S0 FE P22 SRS 20104, 12045 FRAL
SEEE T EE, A LTS INARREAL T L, FREK
Stk R A=, 20164, [ NAEF~REC 140
T, HMETTCEA LR 7 PR IR 46 L.
19794, ZRKSEH % 22 FEAR IR 2R e Hh s P 20 <
FERGRHLY. I, SRR IRAHLER THRSIN. AR
TS K AU TREA B BE. 20tH20 70474, FRIESMK
TR TARG AL K ke ke, (HFrfd 0 E4a AL R A Joi i %
FERAHL, HE R L R 2 S N30%,  H AR,
S R 19974, FECHIAR KT HL T PR AR
Y E (KM6) b IF I 22 i A = S BT il
20034F, o ERFA B S B TARRI I AR I A AT R
FH”(Experimental Advanced Superconducting Tokamak,
EAST)5 H i Tk ¥ VR R4 MLk il 17 2 IR AT TR 4
(RS €195 271 S ooy W Vo R 5 A e <R
i, HACRIRR T EPRKF, HERERARRE, EZAR
IEFF AR — EBOR RS MR AR 55

AR B BT E TR AR BOR PR CPE.
BT/ BEhE /DN, A5, = EILE
R A R R FEIRZ30%. AL AEEL(1.66)
TR IEE(1.40), AR AT a2 M4tk

R TR 30% LA L. R Ul SN TS B IR AT
USRS I, A B TR AT IRFF R AR P A B4
e Mg J e ad 18, AR R TR BT IR HLA T 3
ARBEASFIE ™ IO T3 v AL T AR ) 6

20094F5e, 7Eh ERIEBERRE T, o EBApE L
TR 5 [ ARG LR I B R], TR A%
PR TRV F o B AEARAE, B & il T
WARARRHIRLR, 0 T VBT IR ML
A, AR SE R T ARG R R SEE, Iz P
T F B AR Tl A, SEELT 7k, ARREeER
FIEA 2220 AT T2 AR bRk B sl [R] 5 7 .

1 Z UG AU DBORIFSEIT R

MAEIAFNG BT FA R A, 1 = A SR AT R
ML ARG FEALFE = Jr .

(1) Mg AR, R A ReE, AN
T AR TR SRR 5% T IZ, s AN He Al
RULL, 43 )30 T B E R FR L (B AN 14) PR 258 51 T4
(4110000 Nm*/h). B/ T e =M%, thik 7w
A IR BR S R A ARl A DA R IR A A
U PR 2R A R LR R O THOH BE il AT
TE RIS, 380 T HUAR ] s SRR

(2) MR SIELR AR B ), $2E A1 FR0R,
P TBHIA HISE AL, BRI & (e SN
R S A AR A A ) . BRIk
W7 BN 2 s i TR LA R A AR XT A
SRGEHLT AR RE A PERERLRL, AL A BR AT b2 &
5 T P AT AME D T, B IS
RO R A

(3)  hrabE G AGTEL 22 G0 P B T VBRI 7R 3 e 2 XU
TF & s DA AR A A R, HEh S
T2 ppmW(1 ppmW=1 mg/kg), i FALGIRFT 25 %
HLEE10 ppmWIKIZKF, FERFHE] L0 AMI G B Hr
T AR IR e

WSk b, 4R T IH— RS, AT
LB N I R G hISEPEREMAE, IR
IRk AR D 2 A8 e 2 AR A 5 Z P &, Bl
T = 8 5 R 2 B 22 (8] A2 Fp . 1k7 008 3 X A
e R AN BRI DI 2 22 18] 1) Z- DR 4.

L1 ST R
BEAT AU D BARTE T TR UK E), X

2483



MG 0 202578 H67% #21H

BERL B SeErERE R Al I T B B g P, R
FEHUBFIE RS R 5 22—, SR B A 2 JR AL
TR EAEHLRIZ R AR 2R, AR GE SO bR
KESHIRI TEZ )RR T 10%~30%, 55 H A
SRR ()BT AR At O AU . SRR A
SR, AT RIS T A, D5 i R0 A
A (] R A il A8 AR T R IR 22 (R Y 3 3 B
1R 7T V0 (R 100 B () BRI 2R T LA R R e . i
JERIE S5 i TSI AR T 200, S RIBR S s
[ PR AN, SRR T, AR, A AR
TP T DAMER T, XSGR R SN 15007
B FH 7 TR 1 o i i A M1 T

T E G FELLH S EAMNE AR, R
eIt DR R - 147 [ 9IRS B g [ K
FRERIZE IR T55 AR, o =ACRILR D RE R K.
StosicZE AR FIG 46 5 14 45 BOmG-A B ERLR R B T 45
BRI N LT, AR AL 1 TF ok H sk
SV SRR SRS AT

o (R A R WA 21 i Y G I W ANE A - E2 =B/ LS 1
SRR, BRI IR I0AIE, X5 2 B R
FIHR ) 24 350K (R IR R R sl 4 AR ) B 45 R HE 2 80
VETE R AR —Axof e, T 355 b e 5 80 9] o 4 i 2
TE G RE S ) AR, L Hp A ] B A 1 ] B A
L TIRAUACRT, (9B 2 4< 5 Fnittil — F IR aX R
SEMA I R IE S B L R, W6 TR B 1E 1k
N R RS o E [P QT M SN L Y
%, AT R ES O e oAb, AR YRS [ sl 1
A LRI TR A AR TSR, 16 AN TR) 8 ik 3 T At
AU AR 1 IS g 25 EABEAD R R ATL ] B 8 4 11
WIRHHE, Bk LI E. S RIE
TRZABNRGE, T LR T A B S MER B T
2, TAEEEHR7.5 pm, 5 TAHDRERE/NT0.8 pm. 155

(@)

Bl 1 N_HeHUZH(a) AL T LT FHIE(b)

(b)

K, ERE AR R, BHBAE, TR B LA 4/5.
56+ S/TAEJLRN, XM FROCA IR B D, 2
T EBBCR. AT R AR R B T, BT
SRHMEE AR, R FRIERSR, 1R800 8, vk
TRH T3 1 R R 3).

Xof T B e e (e M 1SR SRS, TFRRY
N HeZ ML A JUMERIE AN 1T 2%, RARUGH AR X FRAS
[RAI 5L N AR, N He®IL % FHAERT BRI 5k L H
45 AR R, BRI S S R ZE AL i i ik
Bt A4 60X TL, ik = FA T 1w BT I8N T 50%
ik, BRITHUT, ARt m18.7%. RIZL L
AR AR AL, DA R Bk ). w4
) BV /> 2220~40 pm, AR TH 25 Be I ik i AN
A, SRAAMER R PRI B, s T s,
WA TR, BRRCRIER 2£91.7%. N HeRIZE n] S8t
iR sl sh, INTREE R, M FRE R, 5T
LA EE; R T R, BA BT, R
KB TEEIR. WE2FTR, BN Hes gk 5 HAh
B LRI 2 0] ()RR AE S ECEAT BE I A RRAE, MRk
JE 5 i = 8 R I8 A USRS A
KA.

Sk K BU G K A SRR 5 HIL (B an i S
400 kPa. HES2000 kPa)y 2K, MG Bk ML
AT A 7L, ORI & KRR AT (R 2
FHFHT BHA2250 mmPL_B)ATRIZE, SR ARG FR G5
Fe RS 7i b Tt, 213950, R A 15 4
FLif2~afs. DRIZR A, BEAR T I TR BE4a il ) X
FE, F/INA T BRI/ 2220 um AP, 980 1 14 ) iR,
AT T AP BROR. 5B RIB A sk M Bl
THEF AR A BRCRMAERRCR T, ffy T4
IREMNALE R R, SRR 292.4%, FiRSE
F961%, AaRBRILF|84.9%. 1HILE 514 SRM-D.

- ~ o [E 4 %T\
/ \ ——
;//’ ‘\\ ’)‘\ \L‘
- \ <
) \ / o \
AN
) ,
/ "
= / 4
\\ ] = (
T\ f % 4 \
\ !/ )
A p

Figure 1 The N_He profile rotor photo (a) and the profile geometric characteristics (b)
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Figure 2 Comparison of characteristic parameters between N_He helium and general profiles (based on Sigma profile)
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Figure 3 Comparison of characteristics between the new I profile for compressed helium and the SRM-D profile
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Figure 4 Influence of the oil injection position on compressed helium
temperatures
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Table 1 Incomplete statistics of the application of domestic helium screw compressors
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Figure 6 The new profile helium screw compressor applied to the first domestic liquid helium refrigerator (a) and the 510 W large cryogenic system at

superfluid helium (—271°C) (b)
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Helium is the most difficult gas to be liquefied. Helium liquefaction cryogenic technology has been playing an important
role and has been used widely, especially in large-scale scientific facilities such as superconducting accelerators. Large-
scale helium cryogenic refrigeration technology has also considerably contributed to supporting space technology research
and frontier basic sciences. The helium oil-injected screw compressor is the “heart” of large-scale helium cryogenic
refrigeration cycles. However, helium compressors pose greater technical difficulties than general gas compressors, and it
is a commanding height of screw compressor technologies. To tackle two core challenges associated with helium
compression, i.e., prone to leakage and difficult to cool, this work presents technologies suitable for high-efficiency helium
compression, which include developing new rotor profiles, oil injection atomization cooling, and high-efficiency oil-
helium separation technologies. Among these, rotor profiles have a considerable influence on the efficiency, dynamic
performance, and machinability of screw compressors. These are also among the hot topics in international compressor
research. To study helium profile, normalized importance analysis and complex multivariable overall optimization for the
internal leakage of rotors have been proposed. Two new streamlined asymmetric profiles suitable for efficient helium
compression, named separately as N_He and I, have been developed. The volumetric efficiency is also improved using
measures to reduce leakage by oil film formation equably. Rotor clearance has been adjusted according to the thermoelastic
deformation analysis of rotors to improve operational reliability. One ppmW precision oil separation technology is also
used in helium compressors to avoid freezing and blocking accidents in cryogenic devices. This, however, is a challenging
task as cryogenic temperatures approach absolute zero. Moreover, a helium screw compressor can almost be regarded as an
“oil pump”, where helium flow is filled with lubricating oil with a mass flow rate of dozens times that of helium. By
overcoming challenges in the abovementioned core technologies, industrialized helium compressor products with a
pressure ratio of 4—15 and a capacity of 100—10000 Nm’/h have been developed gradually. The main performance indices
of various products in different specifications reach or lead the international level of equivalent products. Domestic helium
compressors have obtained long-term and stable practical applications in some strategic fields. Specifically, important
applications of helium screw compressor technology include the first industrial hydrogen liquefaction system
independently developed by China with a daily capacity of tons, the first helium extraction project from boil off gas
(BOG) in China, some superconducting accelerators, the superconducting magnet test platform, and superconducting
tokamak nuclear fusion test devices. Developing a high-efficiency screw compressor technology will reduce the energy
consumption of the hydrogen liquefaction process considerably and will promote hydrogen energy in the future. It has a
good application prospect in the BOG helium extraction project of liquid nature gas (LNG) plants to save precious and
scarce helium resources. The domestic helium screw compressors not only completely replace the import but also deepen
the understanding and design method of compression processes. The core technology in helium screw compressors has
been extended to other process gas compressors that are used for propylene, hydrogen sulfide, etc. This has improved the
level of the process gas screw industry, popularized its technology, and improved its application. The domestic
development process combines engineering tests with the basic theory research of heat and mass transfer, combines the
ideal design with industrial level manufacturing, and matches the overall optimized design. Therefore, the localization
process of helium compressors can also bring some enlightenment to the research and application of engineering
technology.
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