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Simulation analysis on the thermal characteristics of 5 A
emission current hollow cathode

DAI Peng, SUN Mingming ", GENG Hai, GU Zengjie, WANG Dongsheng

(National Key Laboratory of Science and Technology on Vacuum Technology & Physics, Lanzhou Institute of Physics, Lanzhou 730000, China)

Abstract; A thermal simulation model of 5 A emission current hollow cathode was established by using finite element method, and the model
verification and temperature analysis under typical working condition were investigated. The results show that the model can better reflect the energy
transmission process inside the hollow cathode. The comparison error between the simulation results and the test results is less than 5% . The
temperature difference of hollow cathode is mainly caused by heating current. The ambient temperature mainly affect the external components of
hollow cathode, and the high ambient temperature under the influence of solar irradiation is more conducive to the start-up of the thruster. When the
hollow cathode is heated and in self-sustaining discharge state, the temperature of the emitter reaches 2 122 C and 2 126 °C at the ambient

temperatures of 0 C and 94 °C, respectively, which is close to the temperature resistance limit of the emitter. Therefore, the hollow cathode must

avoid the extreme condition.

Keywords: ion thruster; hollow cathode; typical working condition; thermal characteristics analysis

BT A3 TS b SRR L KK
ATIRE AT, I 20 AP A HH P45 [ TR ksl A
BT AN 20 em BT HE S AR 2L ZS
()52 A P AT ST A 6k v v 2 T (A b BR [R) 25
HE DRSS ) BT 55 BT R i — 3OR 3
i, HAETT R 40 mN, He sk ] T 3 000 s, 1% HE S
AT 2012 4R 2017 4E44 %K ST - 9A Fil SJ -
13 TR PEAT TAEREGIER T/ES 7 20 em 851
W12 R P RSN 5 A (928 0 FIRR 4331
VR BFARCRR f AES , F g 43 B S g 28 AR

W Fs HH#A:2022 -05 -26

TR BRG] 20 F 5 LA B i R 1 AR A T
il o, e ORI S 1) L 175 S0 9 AL S 1
R IR P Xe JET-, A3 A BRI 2 U0
B TR GRS, B0 2 i B B R BT,
PRl s AR S T 1 8 0 0 18 B i R e 1o
E B AN R A AR 2 S IR R T S S AR, RV 2R
ST IR i (1 300 ~ 1800 °C) , filifi i
KT IAERE B 38 1 Ty, AT ™ A 7 (o B
70% ~80% ) H-Z G B e h Fl, 7R AR, #4
HL T 19 A 5 A R T s 0 BRI AR AL ) L EE 1 7

EE&WH : HRK A RFA I TBIIUH (61901202) 5 HR AR I BT BT H (21JRTRA744)
E—EE AN (1984—) 5, TE P DA S TARN, i1, E-mail : daip2009@ 163. com
+BIEEE AMIHI(1985—) , I8 BRPE RPN, S 20 AR, 112, E-mail : smmhappy@ 163. com
SRR MG, PNITRA, Bk, 5. 5 A RS A O BICAERER T [ J] . R BB R 22440, 2024, 46(5) : 159 - 167.
Citation ;DAI P, SUN M M, GENG H, et al. Simulation analysis on the thermal characteristics of 5 A emission current hollow cathode[ J].
Journal of National University of Defense Technology, 2024, 46(5) ; 159 - 167.



- 160 - B BE K 2= 2 i

55 46 &

i , #i 4% Richarson-Dushman /330458 ) % ok
ST BE 4 v 100 °C, D) 2 B vl i J LT 4 — £ o
AN, 250 BRI B2 35 1) AN 35150 - A e T st %) 7%
N o B AE ALY R SRS A4
T B ) RV R 2 v o PRI, A 50 2 0 IR 179
AT LA R 8 T 000 B R A o 0 B R AR
XIS

250 B AR 23 7 ) S I 2 B i i
TR, BIDRE B AR AR fi] A D A B L, 2
JeH I RE VA BRI TR, B TS
SRRE T BRI ST L S B BRoc i B, 31
NI T4 Gl 50 Uk iy 2 © 8 B R
T2 0 AR ki A 2002 4F,
S| Laben 2\ 7] % F ANSYS #% 4%} HeeAS000 %1
235 B (CRSFHARR IS BaW BHRL) HEAT T #4)
10 Bt SR s B T f e Ak Ry AR, L
IR A R T 1160 °C T iR Ji 3k
B T2420 C o MG INFAAR A 1] Y
R e R AR AR, T ) A 5 e
BUIN, B s TEAR 1) ARG Y 20 B S il B BT A
B 2004 45, 56 [ iy Mg ~UHE S50 25 %) NSTAR
TSI T 2 O B Y K A (R BaW #4%})
TS HEAT 1 I O HEAT 1 S A 2R R R T
Y SRR Y R SHAIELE I 600 C R T &
1100 CJ5, K SHAR M ZE 58888 1 25 f5. T
ARSI RE s TR A SR 730 6 A 10 A
12 A B, R SHAIREE 533355 1050 °C (1140 C
11190 °C, BRI o34 A kg S 1A 7 i -5 Tk B LAY
BRIKCR , HR S A i) & AR B e My
i, 2010 4§, 22N 25 [A] 52 A Py BRI 52 %o 23 .00 B
e CRH LaBg #1RF) #4717 #70H, FFR DG &
TSN 80 W AINAR I Z8 A4 23 L AR il it i A
TIREEME " RS S ER 80 WHIHThR T,
il A T I P A JE B S A TR 3 il Ak B T
1488 CH11 518 °C, AL IHIEJE /520 1 378 CH

PRE ALK

RHTRIX

1393 C g0 RS 07 BLAS SR LU R 2515 20 °C
AN

MEHT R ILRAE | T Bz A
PR AR G Bt , R WF 52 36 5 T M i
i T AR AR 55 90 A LA SRR PEDLAL , 1B %t
7L BARRAEAS [R) PR S5 I B S ik 00, L HOR A
PUblm A B i B s AR UL TR IE R s T T
DUR A I BE 375 o3 A B b o D AR SO T H AT
20 emByFHES GRS A S AL BIAR AR B B b
R G0, TERIR A BRoC o Hr J7 i% , dt Sr e [
5 A LIS O SR 1 BV BRI, 27 5 T
(LIRS 4 vl R B i L e Y v i o D e
D BARANR BT 9 SRR A7 20 AEAr, o
5 AJZIF LI AS O B AR A 24 TR I8 SR s 2 3t
PORSHF, I Ja B8 1 1 as A PN i =
LIRS HE MBS %

1 =RRERTEERDREHE

RS L AR A FROCE B HEA TR B 501
Hri R , A SCR I ANSYS A7 BRI i
I 25 B AP B R 23 BH AW 1) 3L 88 0 A A T AR
AL AL A FROCAS R 3 AR A L
PRSI E S

23 B AR TR £ 3 57 2 MR LS RS RSl Ry ok
£y, I Had S gt Ay R AR AL BE, 230 B AR B4 N 0
LS F S TEEANIE 1 B o 230 B LS4 Al
o3 Sr 19 A7 BR o 70 A A B Sl 1] 2 () A
B 2(b) P, A BROCHER FSE A it , o
JCAEAK SOLID186 Fi1 SOLID187 BT, K] 43 J5 #5
TUILF=LE T 128 458 A HA0 147 227 TR, 28
U BARR A 2 BT AL A R A (RO A5 P 8 B 4L
PREINE IR 22 55 ) R IHAR 2Rk 2 IR
RIS o IS T B A I E N AR
S KARPEHE 2 25 F 5 AR WU - ST R S
I, TS R 2 A (Y A 5 Tk 22 Dy

BRAR /0 £l
LERREN

FHAR
N

SRS

LERTE

K15 ARSI O IR A F 7 B

Fig. 1 Structure of 5 A emission current hollow cathode
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(a) Objects of hollow cathode
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(b) Finite element analysis model of hollow cathode
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Fig.2 Objects and finite element analysis model of

the hollow cathode
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Tab.1 Material thermal properties of the hollow cathode
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Tab.2 Thermal radiation of the surfaces
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Fig.3 Temperature variation of the cathode top

under different heating current
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