2020 4 3 A e o AR Mar. 2020

B4 HI3W JOURNAL OF PROPULSION TECHNOLOGY Vol.41

No.3

s FENFmAEERTES T

FX, FAM, KXK', KXF, AR

(1. 2ZMZSREARYB s I BRSPS S0, Hil 24 730000;
2. EPsRHE RS s KRR, Wi K1 410073)

B OE. ATHOMARBEFRABHGER, BITHAS TR BERRBER, LT 4Rk
AL S 1emPRE FHRABARTREEFEFTHRG A, RFTETRE, BhSHFLELAKL;, A
%%wﬁﬁ R Fe T R BIR AN, FRAFT SRR HGE T @A PR R T KA
BESH, SERERRTTOMN., ARERET: AELFTARAELTFRELYH3.6eV~3.9¢V, F&T

R B3R FH 20V, AABFERR A BT R &R E AT E R0 5L B TR, ;&ﬁ}?%é@é}n#&
HABSHREE B F R RIRAE, BEFAL EZMNER—HMWRIF, RKIEELT%, HAEFHGRE
A 7T VAVE e NS F i — 3 B AR 2 T T R R R R

FEEE . bt AMARASEFH TR, RER, nuzmﬂ? s BES

FESES: V4394 ERFRIAAG: A XEHS: 1001-4055 (2020) 03-0707-08

DOI: 10.13675/j.cnki. tjjs. 190209

Simulation Analysis of Thermal Characteristics of RF Ion Thruster
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Abstract: In order to analyze the thermal characteristics of RF ion thruster, the global thermal model of RF
ion thruster was established, a two—dimensional simulation of plasma in discharge vessel based on a fluid model
was carried out on a 11em RF ion thruster, the key plasma parameters including electron temperature and poten-
tial were solved. The heat flux of each heat source was obtained by using the plasma simulation results and mea-
sured beam current as inputs. The temperature of main components are obtained by using finite element software.
The distribution was finally compared with the experimental results. The results show that the electron tempera-
ture in the discharge vessel is about 3.6eV~3.9eV, and the plasma potential is up to 20V. The heat loss mainly in-
cludes the energy deposition of charged particles on the inner wall of discharge vessel and grids, the radiation of
the excited atoms, and the heat loss of the RF coil. The simulation and experimental results are in good agree-
ment, the maximum error is no more than 7%. The temperature distribution obtained by the model can be used as
an input parameter to further study the thermal deformation of grids and its influence on ion beam.
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Fig. 3 Simulation results of plasma parameters
Table 1 Operation parameters of 11cm RF ion thruster
Ton beam Screen Accelerator Open fraction of Beam
F > Gas FI 3 s
diameter/cm RE power/W a ow rate/(mgfs) voltage/V voltage/V screen grid current/mA
11 200 Xe 0.8 1500 =250 0.7 380
Table 2 Power loss of 11cm RF ion thruster (W)
Tonization Excitation Vessel wall loss Screen grid loss Accelerator grid loss Coil loss Beam power
29.7 35.6 71.8 11.3 1.8 24.6 570
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Fig. 4 Temperature distribution of RF ion thruster
Table 3 Material property and heat flux of 11cm RF ion thruster
Thermal Specific
Components Material Density/(kg/m?) (:()n(lu(:tivit;;(m‘;/( m-K)) Emissivity heat/(ﬁ]i?lmlfl() ) Heat flux/(W/m?)
Screen grid Mo 10200 138 0.2 250 1390
Accelerator grid Mo 10200 138 0.2 250 246
Discharge vessel Quartz 2210 1.4 0.95 730 3031
Coil Cu 8700 400 0.15 385 926
Case Al 2700 140 0.15 963 -
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