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Abstract 
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 

that use the on-board electrical energy to provide in space propulsive needs of such satellites. Among these 

propulsion concepts, Hall Effect thrusters are the most studied and widely employed electric thrusters. Hall Effect 

thrusters convert the electric power into thrust by the ionization of the propellant gas and the acceleration of the 

ionized gas under the influence of electric and magnetic fields. Even though, the Hall Effect thrusters have a simple 

geometry and are easy to manufacture, the physical working principle of these thrusters are not well understood. 

There are also many different Hall thrusters with different sizes and power levels. By using the proper scaling laws it 

is possible to predict thruster performance parameters. In this study, appropriate scaling laws are determined and a 

30mm diameter SPT type Hall Effect thruster is designed. In addition, by providing the appropriate magnetic field 

topology it is possible to obtain higher efficiency. In this study the scaling method and the magnetic topology studies 

are presented. 
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In order to get good performance values from the proposed prototype HET, 

the magnetic field topology should be similar to that of the 5 kW P5 Hall 

Effect Thruster. P5 magnetic field topology is a mature one which is studied 

by the scientist of the Soviet Union working on Hall Effect Thrusters and 

other scientists elsewhere. It guarantees higher efficiency, high ionization 

level, high thrust, high specifical impulse, better optimized plume 

divergence angle and higher lifetime thanks to lower divergence angle. To 

obtain such good performance parameters, the first goal was to obtain 

similar magnetic flux density B distribution like that of P5. To obtain a 

similar magnetic field topology, for the proposed prototype thruster TRK-30 

HET magnetic circuit was designed like as that of the P5 magnetic curcuit. 

Therefore two apperantly similar magnetic flux density distribution are seen 

for these two thrusters. The FEM simulations are done using COMSOL and the 
obtained analysis results are shown at the left upper corner below. 

Results of magnetic curcuit and 
magnetic field topography 

Figure: Magnetic flux density distribution at the domain, left P5(32 
cm max outer diameter), right TRK-30 (7 cm max outer diameter) 

Figure: Magnetic flux density  
distribution in 1D 

In order to obtain an efficient 

ionization region and therefore  

enough Hall current and 

accelaration of ions, the 

maximum magnitude of the 

magnetic field should be located 

approximately at the  discarge 

channel exit plane of  the HET. In 

the left Figure, with the proper 

design of the magnetic curcuit, 

the maximum magnitude of 600 

Gauss magnetic field can be 

reached at the exit plane of the 

discharge channel and the 

calculations are done in the 

middle plane of the channel. 

Figure: Magnetic field streamlines for the P5 left and for the right TRK-30 

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. 

COMSOL solves the last equation 

with the entry of the current 

density and it finds the 

magnetic vector potential A. 

After solving magnetic vector 

potential, it can easily calculate 

the magnetic flux density B 

upon the solution domain. 

Figure: Pictıure of a  Hall Effect thruster during its 
operation inside a vacuum chamber. 

Figure:  Solid CAD Model of the proposed prototype 
Hall Effect thruster TRK-30, in the isometric view. 

Figure: Main parts of the proposed prototype Hall 
Effect thruster, in cross sectional view. 

Cross magnetic and 

electric field cause the 

Hall current of the 

electrons that are coming 

from the cathode. At the 

exit plane of the thruster  

electric potential drops 

due to trapped electrons 

in the Hall current. At the 

channel entry there is an 

anode and in here the 

neutral Xenon propellant 

gas atoms are delivered. 

Near the channel exit the 

released Xenon atoms are 

ionized by means of the 

electrons in the Hall 

current. 

 After ionization, the Xenon ions 

are accelerated as a result of the 

acting electric field that is 

created due to the potential drop 

between the external cathode and 

the anode at the base of the 

annular channel. With the 

principal of the momentum 

conservertion these accelarated 

ions providing thrust to the 

spacecraft. 

 
 
 
 
 
 
 

Fundamental  Physical  Relations for  Hall Effect  
Thruster Scaling and Its Performance Prediction Results

  

Figure 1: The scaling algorithm 

In order to determine the diameter 

of the discharge chamber, first of all 

the specific impulse must be known 

for the mission of the satellite. In 

the light of the experimental works 

for the Hall Effect thrusters, it is 

known that a given specific impulse 

corresponds to a minimum power 

level that the thruster operates and 

the dependence between these two 

quantities is shown in the Figure 2.  

As seen from the Figure 1, 1660 sec. 

specific impulse corresponds to 

approximately 1.5 kW electric power 

of the SPT-100. At the same time, in 

order to sustain this power level, 

from experimental works it is known 

that the discharge outer diameter  

"dch"should be 100 mm as seen in 

Figure 2 like as SPT-100. On the 

other hand,  for the proposed 

prototype 200 Watt power level 

thruster, the discharge outer 

diameter correspond to 30 mm 

experimentally. 
 

According to given geometric 

scaling laws [1], in Table 1 the 7th 

colored red box, all of the scaling 

operation is summarized. 

It is seen that, first of all, the 

scaling factor  sould be determined. 

In order to calculate it, the ratio 

between the mean diameter of the 

reference thruster and proposed 

prototype thuster is determined. 

The strongest reason of why this we 

choose these mean diameters to 

calculate the ratio is that the "d" 

mean diameter value for HET is 

identical for thruster operating 

parameters like as power, mass flow 

rate, and performance parameters 

such as thrust and specifical 

impulse. On the other hand for the 

proposed prototype thruster TRK-

30, we decided operating power 

point is 258 Watt. The main reason 

of that desicion is our vacuum 

chambers are small and our vacuum 

pumps level is low when we 

compare for 1.5 kW class HET that 

has 5 mg/sec mass flow rate. Our 

pumps are  proper only for vacuum 

in the level 1.0 mg/sec mass flow 

rate and therefore 24 mm of mean 

diameter  of the SPT-30 class HET is 
good candidate for our test facility. 

Table 1: The scaling matrix [1]. 

After calculating the  scaling 

factor, we can calculate the 

other main two thruster 

dimensions "b" and “L". 

For the proposed HET, the 

operating power level and 

voltage value are choosen from 

SPT-30 operating parameters. 

The main reason of that 

decision is if we choose SPT 30 

operating parameters for 

performance prediction 

whether performance of the 

proposed prototype thruster 

can catch thoose of the SPT-30 
or not. 

Table 2: SPT-100 and TRK-30 comparison 

Table 3: Scaling matrix derived from all scaling factors. 

After determining the discharge 

current, the power and efficiency of 

the scaled thruster, it is 

straightforward to get all the related 

performance parameters: 
 

Alpha is the doubly ionized particle 
fraction. 

Table 4: The predicted performance parameters for 
TRK-30 in the right coloumn 

xwx 

 Conclusions and Future Work 
The scaling and proper magnetic field topography of the proposed prototype Hall Effect Thruster TRK-30 were 

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 2: Specific Impulse vs Power table 
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