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Fig. 1. Magnetic suspension structure diagram of the super-

conducting rotor.
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Table 1. Knudsen number corresponding to pressure in

superconducting sphere cavity.

FEi# /Pa TSAREK, X
P> 384 K, < 0.01 R REANEN
384 > P> 3.84 0.01 < K, < 0.1 i
3.84 > P > 0.0384 0.1 < K, <10 I Y 4K,
0.0384 > P 10 < K, A i

ST IR T, BSERENaRT
JERE AR, AT LA 240 B2 B R T4
FRIBE S HEIA T 00T AERR WA B i 8 T i
B, T LA 35 7R SRS M 2 e . T 5%
T T AR % B AE 200 Hz LA, # 200 Hz i1
M S TR AR R R SRR

Ma =v/c=0.092, (3)

088401-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 8 (2024) 088401

K, v BT RZRREE, o &
MR EUNT 0.3 B, AIAK SRR A T]
JEAE AR, HARFR ]9k 2006 20, 7R 4.2 K| &
B 10° Pa #8556 T-A9%E 8 200 Hz I, @3 (2) 2
A (4) AT AR U 2060, WS4+
RMEZEHNERETZ . grlOB % iz
fridferh, HRmE LA 28 AT R0 20

Re = pvL/p, (4)
K, Re WFEWHEL, p WAREIE, L Wi ERHE
R},

2.2 SEXMNESHFHENERR
BT RN 25 mm, BSEkEPASR
FAAE Y X AT IR B AR IR BE 2 0.5 mm 1Y EEKkoT.
KR B2 R /N FERFEIE R, Fr LA A2 R i
INFB SRR, I S8 73R py Aot
HIBERS iz 8l 7= A I B2 ST A e [RAE B 2
S RIBERTE s A R 2. B DL SO
FRIAHOT A BE AT 28 Fe AR AE A AT =46 )2 i
BTt B bt o 1o ARE TR T
Al 46 2 B IR AR TR 2SR A st i BE T, Bk
WHFE e TS — ), 5 T IR S I BT

N 20,

Tw = C¢- pU? /2, (5)
_2/Vm
Cf - \/E ) (6)

X, Re Uil gL, p k% g, Uil
JE AN T AR B

S Wt TR — R A, W 3R
1 AT ds SRR ) vT LLE S 5 # (5) T
FRIE R v B, TRBE D #2450 G R 5 B —EE
TR B WA ) B T O 2. T L S T R 1Y
T AR IRTT R DX R T R 8 Oy, PT AR B

Cr, = a/Re’. (7)

ST RS R 2 s B R Tl Bk
7 25 O RFE AR AR R . B ST 5 AR
B R AR AN R S WK
T Sy F1 Sy WEBIFEARRG IO E S5 AT S5 250>
BIAER B N S, FFNRTH S5 256 (5) AT (7)
KA ASRTER FERERMIHOT ds AYPH 1 4E:

2
dT =rdf =rCy, %ds. (8)

S5~ A T

S1-BRFEIME

Sop-BRFEN KT
So1-BRFEN FTH
Sy-Z5 I N T

SRR
SedEkRE o

K2 SR T AR

Fig. 2. Model of the superconducting rotor.
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Fig. 3. Structural model of torquer: (a) Superconducting ro-
tor’s polar axis alignment structure; (b) distribution of

magnetic field generated by the torque.
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Fig. 5. Schematic diagram of superconducting rotor speed attenuation experiment.
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Fig. 6. Experimental data on speed attenuation of supercon-

ducting rotor.

2.4 MENEFEGERHPUSHH
BRI AR TR o SIRE R R

BIE p 2R N
no_»p
Ny, M’ (15)

X, n B FROEE, Ny 5 1 mol M7 T4,
p SR IWEE, MJ& 1 mol /<5 F It
B (15) SACA (2) AR SRR 2
FiE L p FIRSR P Z YOG H:
2
<P+]\p42-a> (1-+-b)=LRT. (16)

FER MR, AR RO Z R T
WL RE R, TR R DR PO B Al A AR

WS T RS EE, IR T TR RH
FE 5 AR 27:
n = no(T/Tp)" %,
Mol Ty=273.15k = 18.87 x 1078 Pa-s.  (17)
# (17) AR ASRAE 4.2 K T3
B 1.267x10 0 Pa-s. & 6 oA HE A
AHER A ZURBE AR T TiE R (14) 1A,
SR G B b — AR M I AE TR I Y e il
w. ZBHRITRE (12):
« Ts

O = 2P = 640117 x 105 puw?’ (18)
é\
x:Re:@w, y= Ts —5 . (19)
1 6.40117 x 10~° pw?
¥ (19) 2ACA (18) =X, FEBOHEL:
log,oy = log;ga — Slog;,z, (20)

Hd log, oy F log, o PTARHEI & Bt T+, SR FE
4 log, oy Ml log, o HEAT B /N — e 405 1T 45 31| 15
FEFRE o M BIIE. SRR 200, 1000, 4000
H1 40000 Pa B, SR FAEME A, A LR R
ST Y A TR DR S B R L5 R R A o B B 1Y
ZERE 7. B 7 H log gy 5 loggx LMEAT LR,
2 B D AR AR AN TR 23R 5 T A R [R] 1 R 4
o F1 3, RIr A5 2 0 B ) 57 B4 A SE 0. A4S
BN a = 0.96427, B = 0.9569, N 44T 1IFHL )
W s

0.96427
Ts=——"""0 . pw? k. (21)

LR\ 0959
(%)
I

088401-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 8 (2024) 088401

—1.5

—2.0

—2.5

lgy

—-3.0

—-3.5

—4.0

—4.5

Fi

-
L]

/(rad-s—1)

=i
bl

/(rad-s—1)

=
|

Tiegk

JREEEE / (rad-s—1)

& 8
(f) 3.27 Pa

500

450

400

350

300

250

550

500

450

400

350

300

250

450

400

350

300

250

- = S
— A
L lgy = —0.9569-1gz —0.0158
P =200 Pa\_R?=0.9978
P =1000 Pa

I P= 4000 Pa

1.5 20 25 3.0 3.5 4.0 4.5

lgx
K7 FRE o B ILE ML
. 7. Fitting curve of coefficients o and 5.

ki) / (103 )

—o— FEITE

0 500 1000 1500 2000 2500 3000 3500
i) /s

| (c) 4F
< O
W2
K o1t

O 1 1 1

0 1 2 3
i)/ (103 5)

—o— B

0 500 1000

1500 2000 2500 3000 3500
W) /s

(e) 2.0
1.5}
1.0}

0 0.51.01.52.0
i) /(10° s)

—u— S
L —e— HEHEE
0 400 800 1200 1600 2000
i) /s

A 7 A P e T O S O R 5 R T B RO B L AR

TR B AR S W8l 127 5
R
Jab = —Ts, (22)
Kb, J, 28 FH FoERE M BrEsE, J, =
4.32x10°° kg-m?2 B&az (21) 200 (22) X, nlHESH
S AR B RV E R B G o i 7

1
5|77
a(f—1)k 1\'"
w = _(ﬁ—>oﬁp1_5 i+ (_) ,
(23)
A, wy Bl SRR HE, p 2IUERAR
500
(b) 15
x 1.0F
7: 400 i@ S
3 0 s
= 0o 1 2
%( i)/ (103 s)
& 300}
= = S
—o— HigitH
0 500 1000 1500 2000 2500
18] /s
(d) 0.5
400 |
N 0
'g 350 —1.0F ) ; / )
= 0 0.5 1.0 1.5 2.0
3 7 Wi/ (10 s)
% 300 |
275 | —=— SCIAR
—o— MBI
)10 S S P T S ST S S
0 400 800 1200 1600 2000
Wf1H] /s
450
(£) 12
X 0.8F
~ 400} o
Tw ﬂg 0.4}
E ok
& 350 0 0.5 1.0 1.5 2.0
J% IiE] /(108 s)
% 300}
pi=d
250 F —o— HISITE

0 250 500 750 1000 1250 1500 1750 2000
18] /s

(a) 40000 Pa; (b) 4000 Pa; (c) 1000 Pa; (d) 200 Pa; (e) 20 Pa;
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0.016 Pa.
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Fig. 10. Superconducting rotor drive structure.
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Fig. 12. Distribution of driving torque for superconducting
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gized.
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Fig. 13. Analysis of critical driving speed of the supercon-

ducting rotor.
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Fig. 14. Driving process of superconducting rotor.
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Abstract

The superconducting rotor magnetic levitation device can be used to make an angular velocity sensor, and

the high-speed rotating superconducting rotor is the basis for achieving high-precision measurement of the

superconducting rotor magnetic levitation device.

The heat loss and radial mass eccentricity of the

superconducting rotor can cause thermal quenching and resonance in the driving process, which is unfavorable

to the driving process of the superconducting rotor. Therefore, it is necessary to maintain a certain quantity of

helium gas in the superconducting cavity in the driving process, to transfer the heat generated by the driving
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process and avoid its resonance. But helium gas also has a drag torque on the rotating superconducting rotor,
affecting the driving process of the superconducting rotor. Based on this, the drag torque of the helium on the
rotating superconducting rotor is studied. Firstly, the Van der Waals equation is introduced to analyze the
properties of low-temperature helium, and a method of studying the drag effect of low-temperature helium on
the rotating superconducting rotor is proposed based on Reynolds law and Stoke’s first problem. Then, an
experiment on superconducting rotor speed attenuation is conducted to verify the proposed analysis method.
Based on the finite element method, the driving electromagnetic structure and driving torque of the
superconducting rotor are analyzed. Finally, the influence of helium on the driving process of the
superconducting rotor is investigated, including critical driving speed, acceleration time of the superconducting
rotor, and frictional heat of the helium on the superconducting rotor. The research results further enrich the

study of the drag torque of low-temperature gases on rotating superconductors, providing a reference for further

optimizing the driving process of superconducting rotors.
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