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Fig. 1 Schematic diagram of the discretized calculation domain
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Fig.2 Heat flux of each wall in the 50 kW-class nested Hall

thruster of this present study
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Fig. 3 A section of the 3D mesh domain and the setting of

each internal heat source
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1-Nested Hall thruster

4 2-Thermocouple
3-Gas holder m“
4-Power system [
1 5-Gauge tube m’ H
3 6-Data aquisition system

2 7-Mechanical pump
8-Molecular pump
9-Xenon pump

(a) Test platform

(b) Location of six measure points

Fig. 4 Temperature measurement test system for 50 kW-class nested Hall thruster
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Fig. 5 Structure and the material of the nested Hall thruster
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Table 1 Operating parameters of the 50 kW-class nested

Hall thruster
Parameter Value
Discharge voltage/V 500
Inner—channel current/A 20
Outer—channel current/A 80
Inner—channel flow rate/(mg/s) 18.6
Outer—channel flow rate/(mg/s) 54.2

Table 2 Boundary conditions of the numerical calculation

Boundary Type Value
Inner-chamber walls Second As fig. 2(a)
Outer—chamber walls Second As fig. 2(b)

Anode walls Second As fig. 2(¢)
Outside boundary Third 300 K
720+ —=— Measurement

‘\\ —e— Calculation (uncorrected)
N\

660+ o N\ —A— Calculation (corrected)
u N\
2 600 ; x
b= N
< N
8 540 ';\\
5 \
= 480 W\
= —
420} R |
1 2 3 4 5 6
Measurement point

Fig. 6 Comparison between the measurements and the

calculation results

Table 3 Thermal conductivity of each part material
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Fig. 7 50 kW-class two-channel nested Hall thruster

temperature data
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Uncorrected Corrected £=08).
Material conductivity/ conductivity/
(Wi(m-K)) (Wi(m-K)) Table 4 Design parameters of optimization cases
Iron (DT4C) 35.6 41.7 Case Design factor Parameter
Iron (1J22) 32.8 349 2 228 mm
Mo 143.0 129.0 3 18.8
Thickness of the chamber -6 mm
Cu 389.0 356.0 4 holder 14.8 mm
Steel (1Cr—18Ni-9Ti) 17.4 22.1 5 10.8 mm
BN 26:0 286 6 Simple smoothing, £=0.40
7 Surface treatment of outer Deep smoothing, £=0.20
T B 5 (2) N F IR B & FAN R A, H i 8 walls of the chambers Silver plating, £=0.10
%i&@%*‘bﬁg'fﬁﬁ,iﬁ:ﬁgﬂi%5(3)@\)3:4‘—1 il 9 Tantalum plating, £=0.05
1 % =2 2 B AT 5 0 2 0 P B R v B S A 10 40 mm
TG BE -2 WM RE D 1022, HLAZ 0 B R e RR A 11 Distance between the 80 mm
DT4C 3% , 8RE T —1 28 52 5 1 5% W B 4 1) S 6 12 coolingfinand the Z axis 120 mm
FPF. R DTACHRER S EIEM SR Y R 1 160
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Fig. 8 Temperature results of different cases for the chamber holder strategy
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Fig. 9 Temperature results of different cases for the surface treatment strategy
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Fig. 10 Temperature results of different cases for the cooling fin strategy
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Fig. 11 Schematic diagrams of the heat flux path in 3

optimal strategy cases
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An investigation of thermal optimization strategies in
nested Hall thrusters

MIAO Peng'?, YU Bo?, KANG Xiaolu’, WANG Weizong'

(1. School of Astronautics, Beihang University, Beijing 100191, China;
2. Shanghai Institute of Space Propulsion, Shanghai 201112, China)

Abstract: The high—temperature nature of nested Hall thrusters (NHT) has exerted a significant impact on
their performance and reliability. In order to study the optimization strategy of the temperature distribution in
NHTs, a solution of the heat conduction differential equations within the radiation transfer coefficient was em-
ployed to describe the heat transfer process in the NHT. Then, a temperature measurement test of the 50 kW-
class NHT was conducted in the vacuum chamber, and the comparison between the calculation and the measure-
ment results was used to justify and rectify the numerical model. The relative error of the rectified model was
4.8%. Based on those above, the temperature distribution of the NHT under the three optimization strategies was
solved by the numerical model, and the temperature change pattern and mechanism under each optimization strat-
egy were obtained. The results show that, under the case with all three optimization strategies, the temperature of
the magnetic conductive part with the highest temperature can be reduced by about 90 K. Among the three optimi-
zation strategies, adding the radiator is the most remarkable cooling strategy, while the optimization effect of
changing the thickness of the support column of the discharge chamber and replacing the surface treatment of the
discharge chamber outer wall is slightly poor.

Key words: Nested Hall thruster; Thermal optimization strategy; Radiator; Magnetic parts; Numerical

simulation
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