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Abstract Thruster Scaling and Its Performance Prediction Results
Satellites moving in orbit generally use chemical thrusters that use the principle of conservation of momentum to
provide the desired thrust. Over the last several decades, there has been an increased interest in developing thrusters d_ref d B =
that use the on-board electrical energy to provide in space propulsive needs of such satellites. Among these ',f-',;f,f b T vl ox {ale | s ] o] s lsow ——
propulsion concepts, Hall Effect thrusters are the most studied and widely employed electric thrusters. Hall Effect v_ref v | - ,,_ 10 0 0 0] [ing]
thrusters convert the electric power into thrust by the ionization of the propellant gas and the acceleration of the o i;“f 2 19000 8 5 S T S N S IS R (R In(zk-) 5 (1' & zl,ff,,
ionized gas under the influence of electric and magnetic fields. Even though, the Hall Effect thrusters have a simple matrix () i gsllssm ¥ w0 e I R P R R R e o2 R el |
geometry and are easy to manufacture, the physical working principle of these thrusters are not well understood. == Wb i f el ¢ [l : . 7]
There are also many different Hall thrusters with different sizes and power levels. By using the proper scaling laws it e e T e T -
is possible to predict thruster performance parameters. In this study, appropriate scaling laws are determined and a ¢, |lare obtained I T - B A ] ?_ o o i i
30mm diameter SPT type Hall Effect thruster is designed. In addition, by providing the appropriate magnetic field 0 : SR SR N s T s ,1;  BERR o Rl
topology it is possible to obtain higher efficiency. In this study the scaling method and the magnetic topology studies e —— T B EER R R i S e o ,7,_ e e = (e
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Hall Effect thruster TRK-30, in the isometric view. Effect thruster, in cross sectional view.
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Alpha is the doubly ionized particle
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magnetic field topography It is seen that, first of all, the e | e e [ | raction.
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Table 3: Scaling matrix derived from all scaling factors.
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obtain such good performance parameters, the first goal was to obtain ﬁ'x(ﬂ”‘]ﬂr"ﬁ’x ﬁ) — jﬁ mean diameter value for HET is R e, s e
similar magnetic flux density B distribution like that of P5. To obtain a . identical for thruster operating following five equations for | TotalThrust : Ver =Tl Vipn
similar magnetic field topology, for the proposed prototype thruster TRK-30  COMSOL solves the last equation parameters like as power, mass flow the unknowns ({4, G, (., v, and (), T'=mys, 7, =0,98
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with the entry of the current
density and it finds the

HET magnetic circuit was designed like as that of the P5 magnetic curcuit.
Therefore two apperantly similar magnetic flux density distribution are seen

rate, and performance parameters
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Figure: Magnetic flux density
distribution in 1D

In order to sustain high thruster efficiency, lifetime
and low ion divergence angle, the topology or
distribution of the magnetic field lines are most
important. In the left Figure, the aim is to reach
the red color distribution of the P5 5 kW Hall Effect
thruster [2]. That distribution is very mature after
years of the experiences and optimizations of that
field of the space propulsion. The generated
distribution that is drawn in black color is very
close to that of P5 but small deviations are seen
again, the reason of it may be caused due to the
use of different FEM solvers.

discussed. After scaling of TRK-30 with the help of experimentally mature SPT-100 and by using geometric scaling
laws, the dimensions of the discharged channel are determined that mean dimeter “d” is 24 mm, channel widht “b”
is 4.236 mm and channel lenght “L” is 6.213 mm. By using these dimensions, operating voltage, and power level we
have determined the expected thruster performance parameters, such as thrust, specific impulse, mass flow rate
and total efficiency. In order to sustain these performance parameters, of course, the magnetic field distribution and
the location where the maximum radial magnetic field is should resemble that of SPT-100 has. In that discusion we
use the magnetic field data which the P5 5 kW Hall Effect Thruster has due to lack of information of SPT-100
magnetic field. On the other hand we have known the production scientist of P5 have tried to resemble the magnetic
field distribution of the P5 like as that of SPT-100. Because of that we can compare the P5 magnetic data and TRK-
30. As future work, the production of the TRK-30 will be performed and performance parameters will be measured.
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Figure: Magnetic field streamlines for the P5 left and for the right TRK-30
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