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Abstract: A dynamic thermal balance will be established as the emitter performing in the thermionic emis-
sion state in the hollow cathode, in which the thermal characteristics exerts a great influence on the utilization
and life time of the emitter. In order to study the thermal behavior of the electron emission and the relevant opti-
mizing strategy of the thermal performance, an numerical model was employed to simulate the charged particle
transportation coupling with the heat transfer process in the assemblies of the cathode, namely the flow—heat cou-
pling model. In this model, a reverse iteration method was conducted to make the computational solution con-
verged. A measurement test of the temperature of three cathodes has been performed to examine the accuracy of
the flow—heat coupling model, and the relative error of this model was no more than 11.3%. Based on those, the
physics of temperature difference in emitter and the change law of the temperature difference at different orifice
diameters were analyzed numerically. This was because the core ionization region of the plume mode was more di-
verging than that of spot mode so that the temperature difference of the emitter in plume mode was 50 K more than

that of spot mode; an appropriate size of the orifice diameter would decrease the emitter temperature difference
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for the sake of thermal performance optimization.

Key words: Hollow cathode; Thermionic emission; Thermal characteristics; Reverse iteration; Numeri-
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Fig.1 A 2D hybrid model of the particle flow and the heat transfer in the hollow cathode
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Fig.2 Flow chart of the computational procedures
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Table 1 Operation conditions of three hollow cathodes in the rectification test

Case Configuration Gas flow rate/(mL/min)  Anode voltage/V  Discharge current/A  Operation mode and pume color
1 3 26.4 10 Plume, purple
2 4 23.1 10 Plume, purple

Orifice diameter:0.70mm
3 6 18.5 10 Spot, blue
4 7 18.7 10 Spot, blue
5 3 28.7 10 Plume, purple
6 4 24.5 10 Plume, purple
Orifice diameter:0.75mm
7 6 18.2 10 Spot, green
8 7 18.3 10 Spot, green
9 3 29.6 10 Plume, purple
10 4 25.5 10 Plume, purple
Orifice diameter:0.80mm
11 6 18.4 10 Spot, blue
12 7 18.5 10 Spot, blue
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Fig. 6 Comparison of the test and the calculation results in 12 operation cases
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Fig. 7 Temperature distribution in the emitter region at different gas flow rates
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Fig. 10 Temperature distribution vs gas flow rate with two orifice diameters
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