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ABSTRACT

A thermal and mechanical study of a MIG-tvpe electron gun has been made to determine
the temperature distribution in all the gun elements as a function of the input heater power.
Appropriate materials were selected to minimize both the conduction and radiation thermal
losses. The electron emitting surface operates at an average temperature of 1000°C with 374W
input power in the heating filament system. The purpose of the present study is to reduce the
input heater power while keeping the required operating cathode temperature and to improve
the gun desing from a constructional point of view aiming at extending the capabilities of
the electron gun. A thermal software has been used by considering the operation conditions

taking into account external convection by forced air and thermal radiation transfer between
the electrodes of the gun.

INTRODUCTION

Gyrotrons are devices in which the generated power originates from the perpendicular
velocity component of electrons in a helical beam via relativistic instability. Much progress
in the development of high-power gyrotrons has occurred in the recent vears. This progress
includes the development of CW gyrotrons for application in electron cyclotron resonance
heating of fusion plasmas [1]. A critical element of the gyrotron is the electron gun. which
must generate a helical beam with high transverse energy and low velocity spread.

The INPE gyrotron gun (Fig. 1) is of the magnetron injection type with a triode con-
figuration. Vacuum tight rippled ceramic shells are used to insulate electrodes from the
UHV flanges. Since the cathode should operate at a temperature close to 1000°C'. the
choice of materials for its constrution is limited. As for the requirements of mechanical
strength and low vapour pressure at high temperature. a material of low emissivity and
poor thermal conductivity is needed to reduce heater power losses. The most suitable
materials with such properties are the refractory metals [3]. The pure molvbdenum or
nickel was selected for the emitting band. Titanium was selected for the first anode and
flanges as its thermal expansion coefficient is nearly equal to that for ceramic over the
range of temperatures to which the seal is exposed during sealing and operation. The
heater (Fig. 2) is a toroidal coil made of a 0.5-mm-diameter tungsten wire.

For a critical examination of both the thermal and mechanical properties of the MIG -
tvpe gun. the computer code PCTER [4] has been used to determine the temperature
distribution in all the gun components taking into account the three processes of heat
transfer. namely. conduction. convection and radiation (2].

As discussed in the text. the computer simulation has provided useful insights into what
design modification should be made in the cathode and filaments assemblies to reduce
thermal losses. thereby improving the gun performance.
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THERMAL MODELING AND MATERIALS

The gun system is azimuthally symmetric with all the elements being sufficiently thin
so that one-dimensional heat conduction is assumed. Temperature is calculated at each
point of an irregular finite element mesh having 316 grid points. In our simulation.
heat exchange by forced convection with air from the external surface at a prescribed

surrounding temperature and the stipulation of the filament temperature have been used
as boundary conditions for the heat-transfer problem.

The first simulated thermal model corresponds to an early gun whose temperature dis-
tribution was experimentally determined [3] in the gvrotron tube proper. In that gun,
the emitting band substrate was made of molvbdenum and tightlv joined to the cathode
mounting. A comparison between experimental data and computer predicted results has
pointed out some guidelines to overcome the design limitations found on the prototype
gun.

New mounting interface configurations as well as other materials have been further con-
sidered to optimize the cathode performance.

RESULTS AND CONCLUSION

Results of the simulations so far performed are given in Table 1. ('olumns A and B refer.
respectively. to measured and predicted data corresponding to the gun using the molvb-
denum substrate. while column D lists the predicted temperature of the gun elements
taking into account a nickel emitting strip.

Table 1: Measured temperature of the gun eclements and numerically predicted
temperature in various circumstances

A B I C D E
Filament Temperature(“(") IST1 {1750 | 1590 | 1750 | 1590
Emission Band Temp.("(") 1032 1 1012 | 1000 | 996 | 1003
First Anode Temp.("(") 204 | 564 | 185 | 497 | 122
Bottom Flanges Temp.((") 69 70 55 64 51
Intermediate Flanges Temp.(“(') | 72 il Bh 64 52
Upper Flanges Temp.t~(") 12 5l 12 16 39
Surrounding Temp.(“(") 24 24 24 21 24
Input Power (W) 371 | 350 | 199 | 350 | 199

A - Experimental data

B - Simulation using a molvbdenum strip

C - Simulation using a molybdenum strip conductively uncoupled from the cathode bodv
D - Simulation using a nickel strip )
E - Simulation using a nickel strip conductively uncoupled from the cathode body

As the thermal conductivity and emissivity coefficients for nickel are both lower than for
molybdenum. the energy lost from the emitter to the neighbouring electrodes is reduced
accordingly. Thus. as shown in Tab.1. the replacement of molvbdenum by nickel yields
a drop of 10% in the steadyv-state temperatures of the external flanges and the ceramic
shell. in addition to reducing the temperature of the first anode by a 14% factor.

If any contact area between the molvbdenum strip and the cathode body is eliminated
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(colunm C). then the input heater power is lowered from 3350 to 199W while keeping the
emitter temperature at around 1000°C". Also. by comparing columns B and . we observe

that the temperature of the ceramic shell as well as the inside surface temperature of the
first anode are decreased by a 20% factor.

Now if we consider a nickel emitting band separated from the cathode by a small gap, we
see in column E that the temperature values of the external flanges and the first anode
are farther reduced by a 35% factor. leading to a 75% decreasing in the input power.

These findings are displayed in Fig. 3 which plots the temperature of the emitting strip as
function of the input heater power. Thus we note that an improved design of the emitting

band yields to a significant decrease in the required input power that brings the emitter
to operate at 1000°C.

In conclusion. the thermal and mechanical properties of a MIG-type gun have been care-
fully examined by using the PCTER code. Such a computer code proved to be able in
handling a problem with complex geometry (Fig. 1) as numerical predictions are in good
agreement with experimentally measured data. Important design features of our gun

have been clarifyied and forthcoming studies will consider unsteady problems by using a
higher-density finite element mesh.
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Fig. 1 - Longitudinal view of the electron gun: I-Cathode. 2-First anode. 3-Second anode.
4-Ceramic shell. 5-Bottom flange. 6-Intermediate flange. 7-Upper flange, 8-Filament lead.
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Fig. 3 - Temperature of gun elements as function of input heater power: A-Filament.
B-Molvbdenum strip. C-Nickel strip separated by a small gap from the cathode body.
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Fig. 4 - Finite element mesh for simulation of MIG-tvpe gun.
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