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Introduction

Long-term missions of spacecrafts (SC) in ultra-low Earth

orbits (ULEO) at a height of 120−250 km open wide

prospects in development of telecommunications, transport

operations, as well as a wide range of scientific studies.

Among the advantages of spacecraft flights at ULEO are

lower costs and smaller size of a spacecraft, improved

accuracy of geolocation and resolution of images of the

Earth’s surface, increased signal-to-noise ratio in radar

investigation, as well as reduced radiation exposure. The

latter allows using a cheaper, less radiation-resistant airborne

electronics in spacecrafts [1]. In ultra-low orbits, the risk

of a collision with space debris is virtually eliminated, and

when a spacecraft service life expires, it self-removes from

the orbit due to aerodynamic braking.

The main problem of long-term spacecraft maintenance

in ultra-low orbits is its aerodynamic deceleration caused

by the relatively high density of the residual atmosphere.

Without engines a spacecraft may remain active only a

few days. It is possible to significantly increase the

active life period if the spacecraft is equipped with an

electric propulsion engine (EPE) with low thrust sufficient

to compensate for aerodynamic drag.

Computations show that the reserves of fuel (for example,

xenon) required for EPE long-term operation in ultra-low

orbits are unreasonably large. In this regard, an idea arose

to use gases from the residual atmosphere as EPE working

fluid. The air intake connected with EPE forms an air

electric propulsion engine (AEPE). The gas flow entering

AEPE should provide thrusting necessary to compensate

for the aerodynamic drag of the spacecraft. The theoretical

substantiation of methods for collecting atmospheric gases

and their use to create thrust in orbit was carried out back

in the 1950s−60s [2,3]. Interest in development of AEPE

systems designed for spacecraft flights in ultra-low orbits

has resumed both, in Russia and abroad since mid-2000s.

Reviews of research in this area are given in [3–19].

In contrast to EPE in a spacecraft with a reserve of

the working fluid (WF) the gas flowrate in AEPE is

defined based on characteristics of the main stream and

air intake. With the exception of individual papers where

the installation of turbomolecular pumps in the air intake

is proposed, most modern projects consider passive air

intakes. They are the most easily implemented at the

modern technological level [3,16]. They are distinguished by

an open design, due to which part of the gas escapes back

towards the main stream, and only a part of the molecules

that have passed into the gas discharge chamber (GDC)
of the electric propulsion engine can be used for thrusting.

The proportion of molecules entering the inlet section of

the air intake and going to GDC is determined by such a

characteristic as the efficiency of gas intake ηc .

Currently, air intakes with narrow channels in the form

of honeycombs are often considered. Assuming diffuse

reflection of molecules and complete thermalization upon

collision with the surface, these intakes make it possible,

based on the principle of a
”
molecular trap“ to increase
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the density of gas in GDC by 100−300 times compared

to the surrounding environment. Maximal ηc for air

intakes with diffuse reflection makes about 0.45 [17–19].
With integral optimization of the air intake and flight

altitude ηc ∈ (0.3, 0.4) [3]. In recent years, the studies

have appeared where, in order to increase ηc , air intakes

as a paraboloid with a specular reflection of molecules

are considered [4,19,20]. The indicator ηc ≈ 0.95 is

theoretically achievable for them, however, the possibility

of long-term preservation of specular reflection in an atomic

oxygen environment has not yet been confirmed [21]. In

addition, the characteristics of a paraboloid air intake are

sensitive to an increase in the thermal velocity of molecules

and deviation of the average flow velocity vector from the

paraboloid axis of symmetry.

The condition for balancing spacecraft drag and thrust in

ultra-low orbits determines the requirement for the specific

pulse of the gas flow flowing out of AEPE [1–3]. Among the

known classes of EPE the highest specific pulse is peculiar

to ion thrusters (IT) equipped with an electrostatic ion

acceleration system [3]. In this regard, a high-frequency

(HF) IT capable for a prolong operation on chemically

active gases is considered in this paper as an EPE option

for AEPE.

This paper outlines the findings of an experimental study

of a HF IT prototype with a diameter of 10 cm operating on

oxygen and nitrogen in the presence of external magnetic

field. Earlier in paper [22] it was shown that application

of an external magnetic field to the discharge during HF IT

operation on xenon (frequency 13.56MHz) can significantly

improve the thruster parameters. The new experimental

data obtained give us a reason to count on the prospect of

using HF IT as part of AEPE in the future.

1. HF IT requirements for use in AEPE

The conditions necessary for a long-term spacecraft flight

in ultra-low orbits are considered in the papers [1–3]. One
of the terms is compensation of aerodynamic drag D by the

thrust developed by the engine, T .
The drag is defined by expression (1):

D = ρ
v2

k

2
Cxa Are f = µin

vk

2
Cxa

Are f

Ain
, (1)

where ρ and vk — density and velocity of atoms and

molecules of the residual atmosphere, vk ≈ 7.8 km/s (orbital
velocity of SC), Cxa — aerodynamic drag factor of SC,

Are f — characteristic area of the cross-section of SC,

Ain — area of cross-section of the air intake inlet channels,

µin = vkAi6 j M jn j — weight of particles entering the air

intake per unit of time, n j — concentration of neutral

component of residual atmosphere with a molecular mass

of M j .

Part of the particles flow entering the air intake is

reflected from its walls and goes out back. The proportion

of molecules running into the inlet section of the air intake,

which then pass to GDC of ERD, is defined by the mass

flow of particles entering the air intake and the efficiency of

gas intake ηc , i.e. the mass flow of particles µIT entering the

ion thruster is

µIT = ηcµin. (2)

This mass flow is equal to the sum of the mass flows of

neutrals µ0
out and ions µ+

out emanating from the ion-optical

system (IOS) of the IT:

µIT = µ0
out + µ+

out . (3)

Neutral particles go out from IT with thermal velocities

of v t , and ions go out with velocities of vex , defined

by the potential V on the emission electrode IOS, while

v t ≪ vex . The latter inequality means that ions make major

contribution to thrust.

The mass flow of ions is determined by the sum of the

mass flows of molecular and atomic ions extracted from the

ion thruster.

µ+
out = 6 j

M j

e
i j, (4)

where e — electron charge, i j current of j-th component

of the ion flow. The thrust of the engine in case of a

multicomponent working fluid is equal to

T = 6 j M j
i j

e
vex j . (5)

In terrestrial experiments, when molecular nitrogen or

oxygen is supplied to the prototype of IT, two limiting cases

are possible: 1) the stream of recoverable ions consists only

of molecular ions, 2) the stream of recoverable ions consists

only of atomic ions. Taking into account that the masses of

oxygen and nitrogen are close, in the first case we obtain

T = vexMMM
ibeam

e
= vexMγµIT , (6a)

where ibeam — ion beam current, MM — weight of

molecular ions, and M in — weight of particles at the air

intake inlet, Mout — weight of particles at the outlet of ion

thruster, γ =
µ+

out M in

µIT Mout
— the working fluid use coefficient, i.e.

the ratio of the accelerated ions flow going out from IT

to the flow of neutral particles entering the gas discharge

chamber of the ion thruster.

In the second case,

T = vexAMA
ibeam

e
=

1

2
vexAγµIT , (6b)

whereMA — atomic weight of ions. The 1/2 multiplier

appears due to the fact that the weight of particles creating

thrust is two times less than the weight of particles entering

the air intake.

It is known [22,23], that when an IT is running on xenon,

the coefficient γ is close to unity, however, the replacement

of xenon with nitrogen and oxygen is accompanied by a

noticeable decrease in γ [24].
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It follows from T ≥ D that for the successful operation

of IT as part of AEPE in the first case, it is necessary that

γ ≥
vk

ηcvexM

Cxa

2

Are f

Ain
. (7a)

and, in the second case,

γ ≥
vk

ηcvexA
Cxa

Are f

Ain
. (7b)

The lowest requirements correspond to the case when

Ain is equal to the cross-sectional area of the spacecraft, and

Cxa is minimal. For a
”
small“ spacecraft (with a body

length equal to the characteristic cross-sectional size) in

a free molecular flow, the traditional value for estimating

spacecraft drag can be taken C0
xa ≈ 2.2. However, a

spacecraft of
”
elongated“ shape with a length-to-cross-

sectional ratio of more than 3 [3,19,25] is rational for a

long-term flight in ultra-low orbits. This is determined

by the possibility of reducing the aerodynamic drag force

and power consumption of the engine for compensation

by reducing the spacecraft cross-sectional area provided the

spacecraft body has constant cross-section. For example,

GOCE spacecraft had a ratio of length to the cross-sectional

diameter about 4 [26], and for such shape of a spacecraft

providing for additional solar panels C1
xa ≈ 3.5 [26,27].

2. Experimental procedure

Schematic representation of a laboratory prototype of a

HF ion thruster based on an inductive discharge is given

in Fig. 1. HF IT prototype consists of a quartz GDC,

IOS and magnetic systems (MS). GDC diameter is equal

10 cm, height — 7 cm. One end surface of GDC is covered

with an IOS, the second end has a gas inlet on it, through

which the working gas enters the IT. A 3.5-turn solenoid

antenna is mounted on the outer side surface of the GDC.

The antenna, cooled by running water, is made of a 3mm

diameter copper tube. The antenna is used to ignite and

D

H

1

2

3

4

5

Figure 1. Schematic representation of the ions laboratory source:

1 — GDC, 2 — IOS, 3 — inductor, 4 — gas inlet, 5 —
electromagnet. GDC diameter D = 10 cm, GDC height H = 7 cm.

maintain an inductive HF discharge in a dielectric quartz

gas discharge chamber.

The IOS consists of three perforated electrodes (emission,

accelerating and decelerating) with a thickness of 1mm

each. Distance between electrodes is 0.7mm. Grids

transparency is 0.15 for neutral particles and 0.6 for ions.

Constant voltages corresponding to a pattern
”
acceleration-

deceleration“ are supplied to the IOS electrodes. In these

experiments, the voltage across the emission electrode was

V = 1200V. The decelerating electrode was earthed.

MS consists of an electromagnet located in the area of

IOS. Electromagnet allows generating in GDC a longitudinal

magnetic field with induction B in the center of IOS

0−75G.

HF IT prototype was fixed on the flange of 0.8m3 vacuum

camera. The vacuum chamber was pumped out using

pre-vacuum and turbomolecular pumps. Residual pressure

in the vacuum camera didn’t exceed 3 · 10−5 Torr. When

HF IT was operating the pressure in chamber was no higher

than 2 · 10−4 Torr.

For ignition and sustaining the HF discharge in HF IT

the antenna was connected to the HF generator (HF Power

GKA-0K5.13M56.1.0.0) through the matching system of L-

type. The power of the generator could vary smoothly from

0 to 500W, the operating frequency was 13.56MHz.

Koflock 1600R ball flowmeter was used to measure the

gas flow rate in the range from 4 to 40 cm3/min. The studied

range of gas flowrates was selected based on the estimates

of the engine operating conditions in the spacecraft in

ULEO.

It is known that in an inductive HF discharge, part of the

power is lost in the external circuit of HF generator, while

the power balance is expressed as [28]:

Pgen =
1

2
I2ant(Rant + Rpl), (8)

where Pgen — power of HF generator, Iant — current

going through antenna, Rant — effective resistance of

external circuit, Rpl — equivalent resistance of plasma. The

magnitude of power coming into plasma P pl , is defined as

P pl =
1

2
I2antRpl . (9)

To find P pl we used the following method in this

paper [28]:
1. First, we found effective resistance of external circuit

by formula:

Rant = 2
Pgen

I20
, (10)

where I0 — discharge-free current going through the

antenna.

2. Then, using values Rant , power of HF generator and

current going through the antenna measured in specific

conditions of experiments the values of Rpl and P pl were

found from formulae (8), (9).
In first series of experiments the dependence of the

extracted ion current ibeam on the magnetic field induction B

Technical Physics, 2024, Vol. 69, No. 12



1962 K.V. Vavilin, A.A. Golikov, S.A. Dvinin, V.S. Dudin, I.I. Zadiriev, E.A. Kralkina...

was measured at fixed HF-generator power Pgen = 160W

and flowrate of the studied gas f = 24 cm3/min. At the

same time, the Rogowski coil was used to measure the

current Iant flowing through the inductor, which allowed us

to calculate the power P pl put in the discharge. According

to the results of the first series of experiments, the values

of the magnetic field B∗ were found at which the extracted

current was maximum.

In the second series of experiments, the ion current ibeam

was recorded and the dependence of HF generator power

(required to maintain the set value ibeam) on the gas flowrate

at selected magnetic field B∗ was measured.

The measured values of ion current and gas flowrate were

used to calculate the following values:

• ion value

C i =
Pgen

ibeam
; (11)

• lower limit of the achievable ion values (when using

this HF IT prototype model)

C i0 =
P pl

ibeam
; (12)

• working fluid use coefficient

γ =
ibeam

e f
; (13)

• specific impulse

Is p = γ
vex

g
, (14)

where e — electron charge, M — ion mass, V — potential

of emissive IOS electrode, vex — outgoing speed of

accelerated ions, vex =
√

2eV
M .

The experiments were carried out at frequency of

13.56MHz and power of HF generator below 500W,

magnetic fields with induction of 0−75G, nitrogen and

oxygen flowrates 4−40 cm3/min.

3. Experimental results

Earlier in paper [22] it was demonstrated that the

parameters of a xenon HF IT operating at a frequency

of 13.56MHz are significantly improved when an external

magnetic field B with an induction of less than 100G is

applied to the inductive HF discharge. The reason for the

effect is to improve the HF power input into the discharge

at certain resonant values B . Preliminary experiments

have shown [29], that the effect of external magnetic field

on inductive discharge in nitrogen and oxygen is similar

to the effect on a discharge in xenon. It was found

that, at magnetic fields B∗

1 ∼ 18G and B∗

2 ∼ 70G the ion

currents with the same HF generator power signicantly

exceed the ion current obtained in the absence of magnetic

field. Further measurements of HF IT characteristics were

performed when external magnetic field with induction

B∗

1 and B∗

2 was applied to the discharge. Experiments

demonstrated [29], that dependencies Pgen( f ) look typically

for an ion thruster: there’s an optimal operating range

(1 f = 10− 25 cm3/min), where the required HF power

hardly depends on gas flowrates and the ion value C i

is minimal. With gas flowrate decrease to some point

f cr it a drastic consumption of power Pgen occurs. The

lower the flowrate values f cr it , the lower the extracted ion

current. Increase of magnetic field is also accompanied with

lower f cr it . This is due to the intensification of ionization

processes in the discharge, provided that Larmor radius of

electrons becomes much smaller than the radius of the GDC

Let’s consider further the worth-mentioning possibilities

of using the studied HF IT as the basis of AEPE,

dependence of HF generator power, ion value C i and C i0

on the working fluid utilization factor γ , calculated on

the basis of experimentally measured ibeam and f by the

formula (13). The calculated dependencies are given in

Fig. 2 and 3.

Gas flowrate measurement error f is related to the

scale division value of an analog flowmeter and is 5%,

current measurement error ibeam is 2%, power measurement

errorPgen is about 5%. Also, when calculating the embed-

ded power P pl , an additional error of current measurement

in the inductor is taken into account, which was 3%.

We see that higher extracted ion current makes it possible

to significantly advance into the range of high values of the

working fluid utilization factor and lower the ion value in

0.2 < γ < 0.4. By comparing the ion source characteristics

measured at two magnetic field values we see that with an

increase of γ above a certain value γ∗, the ion value at a

magnetic field of B = B∗

1 becomes higher than at B = B∗

2 .

Values γ∗ grow with the increase of extracted current. With

1

2

3
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240

280

320

360

0 0.1 0.2 0.3 0.4 0.5
γ

P
, 
W

g
en
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2 '

3 '

Figure 2. Dependence of HF generator power Pgen necessary to

sustain the required value of ibeam for operation on nitrogen, on

the working fluid utilization factor γ with magnetic field values of

18G (solid lines) and 70G (dashed lines): 1, 1’ — 100; 2, 2’ —
150; 3, 3’ — 200mA.

Technical Physics, 2024, Vol. 69, No. 12



Research of the characteristics of a radio-frequency ion thruster with an external magnetic... 1963

1

2

3

1200

1600

2000

2400

2800

3200

0 0.1 0.2 0.3 0.4 0.5
γ

C
, 
W

/A
i

1'

2 '

3 ' 4

a

800

1000

1200

1400

1600

0 0.1 0.2 0.3 0.4 0.5
γ

C
, 
W

/A
i0

b

4

1

1'

2 '

2

3

3 '

Figure 3. Dependence of ion value C i (a) and C i0 (b) when

operating on nitrogen with magnetic field values 18G (solid lines)
and 70G (dashed lines) on γ WT utilization factor: 1, 1′ — 100;

2, 2′ — 150; 3, 3′ — 200; 4 — 250mA.

the ions beam current of 200mA and γ = 0.3 the ion value

C i makes 1500W/A when using nitrogen.

As noted above, not all HF generator power is absorbed

by plasma, some of the power is lost in the external

discharge circuit. Fig. 3, b illustrates the dependences of

the ion value C i0(γ) calculated based on power values P pl ,

absorbed by plasma They represent the best theoretically

possible characteristics of HF IT prototype under consider-

ation. In contrast to C i(γ) (Fig. 3, a) the values C i0(γ) are

less at magnetic field B = B∗

1 , than at B = B∗

2 . In nitrogen,

at γ > 0.15, B = B∗

1 and ibeam = 200mA the ion value

is CI
i0 ≈ 875W/A, at B = B∗

2 the ion value is higher and

makes CII
i0 ≈ 1150W/A. The values CI

i0 and CII
i0 for oxygen

are close to the values obtained in nitrogen and make

CI
i0 ≈ 900W/A and CII

i0 ≈ 1100W/A respectively. Note that

the best values CI
i0 are significantly higher than the values

typical for HF IT powered by xenon.

In reality, both atomic and molecular ions contribute

to the measured ion current. The ratio between the

concentrations of these plasma components was estimated

based on a numerical model of discharge in HF IT in

nitrogen.

4. Results of computation of HF IT
prototype parameters

The numerical model of a discharge in nitrogen for HF IT,

which makes it possible to calculate the concentration of the

main plasma components, ion current, thrust, and specific

impulse for a given GDC geometry, IOS parameters, values

of B and f , is based on the following assumptions:

• plasma consists of neutral molecules and nitrogen

atoms in the ground state, molecular and atomic nitrogen

ions, and electrons;

• electrons distribution in terms of energies is itself a

Maxwell function;

• plasma is homogeneous both, in radius and length of

GDC.

It was assumed that the following reactions occur in

plasma during collisions of electrons with heavy particles:

dissociation of nitrogen molecules:

e + N2 → e + N + N = e + 2 · N,

dissociative ionization of nitrogen molecules:

e + N2 → 2e + N + N+,

dissociative ionization of molecular nitrogen ion:

e + N+
2 → 2e + N+ + N+ = 2e + 2 · N+,

ionization of nitrogen molecules:

e + N2 → 2e + N+
2 ,

dissociation of molecular nitrogen ion:

e + N+
2 → e + N + N+,

ionization of nitrogen molecules:

e + N2 → 2eN+.

The concentrations of nitrogen molecules and atoms, as

well as molecular and atomic nitrogen ions, were calculated

based on a system of balance equations describing the

birth and death of plasma components [30]. Collisions of

heavy particles with each other, as well as the kinetics

of processes involving rotational and vibrational modes of

molecules, were not considered, since pressure in GDC does

not exceed 1mTorr.

The results of numerical computations of the curves of

concentrations of nitrogen molecules and atomsnN2
, nN ,

molecular and atomic ions nN+
2
, nN+ , as well as parameters

of HF IT prototype — ion current ibeam, thrust T , etc. versus
nitrogen flowrate, performed based on IOS parameters used

Technical Physics, 2024, Vol. 69, No. 12
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Figure 4. Measured and calculated (solid and dashed curves)
dependences of HF power required to extract an ion current of

200 mA on nitrogen consumption.

in the experiments, showed a qualitative matching of the

computational and experimental results

(Fig. 4).
As can be seen, with high nitrogen flowrates, the

calculated values P pl turn out to be about 10% lower than

the experimental ones, however, with lower flowrates, a

sharp increase in the required power in computations begins

much earlier than in the experiments. This may be related

to the growth of the capacitance component of the discharge

with a decrease f .
Fig. 5 illustrates the dependencies of the ion current at

HF IT outlet on the nitrogen flow rates calculated for HF

power of P pl = 100, 150, 200 and 250W. ibeam is growing

with the increase of HF power and drops down with the

decrease of flow rate. The decrease in ion current is

0.35
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b
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b
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Figure 5. Dependencies of the ion current at HF IT outlet (a) and electrons temperature (b) on the nitrogen flowrates calculated for HF

power of P pl = 100, 150, 200, 250W.

associated with a drastic growth of the calculated electron

temperatures when f goes down.

Next, let’s consider how the components of a nitrogen

plasma behave when the gas flow rate and HF power

change. The computation results are shown in Fig. 6.

As can be seen, intense molecular dissociation is ob-

served in the discharge for all nitrogen flowrates considered,

and the concentration of atoms is higher than that of the

molecules. The ratio nN/(nN2
+ nN) is poorly dependent on

nitrogen flowrates and varies from about 0.5 to 0.75 with an

increase in HF power from 100 to 250W.

At a power of 100W, the number of nitrogen ions is

less than the number of molecular ions. However, with the

growth of P pl up to 200W the concentration of nN+ in the

discharge becomes prevailing. This leads to the fact that

main contribution to thrust at power of more than 200W

(Fig. 7) is provided by atomic ions. In total, with the power

of 250W as a contribution to plasma and nitrogen flowrate

of 12 cm3/min we may obtain the thrust of about 7mN.

5. Estimate of HF IT model applicability
as a component part of AEPE

The experimental data obtained make it possible to

estimate the main characteristics of the considered HF IT

model. As the basic values of ηc , which characterizes the

efficiency of residual atmosphere neutral components air

intake, it is advisable to consider the range with a minimum

limit ηc min = 0.3 and maximum limit ηc max = 0.45.

We’ll assume in the estimate that vk = 7.8 · 103 m/s,

ions velocity vex are defined by the potential of emission

electrode V = 1500V.

Let’s first consider the simplest case when Cxa ≈ 2.2,

and
Are f

Ain
= 1. If the entire ion flux consists of atomic

ions of nitrogen and oxygen, their velocity vex will be

approximately equal 130 · 103 m/s. Having made simple

Technical Physics, 2024, Vol. 69, No. 12
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Figure 7. Curves of thrust generated by molecular and atomic

ions versus nitrogen flowrates calculated at HF power values of

P pl = 100, 200, 300W. Ions energy was assumed to be 1500V.

computations (7) we may see that, in order to compensate

for the drag of residual atmosphere the HF IT shall operate

in conditions when γa ≥ 0.26 in case of ηc = 0.45 and

γa ≥ 0.4 when ηc = 0.3. By comparing the obtained results

with the experimental ones we may see that expression (7b)
is true when the ions beam current is 150, 200 and 250mA

at gas flow rates below 6, 7 and 9 cm3/min.

The velocity of molecular ions is lower than that of

atomic ions and is approximately 90 · 103 m/s, however,

their molecular weight is 2 times greater, as a result, the

maximum permissible values of gas efficiency are γm ≥ 0.18

and γm ≥ 0.29 for ηc = 0.45 and 0.3, respectively. Here, to

compensate for the residual atmosphere drag the HF IT

shall operate in conditions allowing to get ion currents of

150, 200 and 250mA at gas flowrates less than 7.5, 10 and

12.5 cm3/min.

If both molecular and atomic ions are present in the

extracted ion beam, the required gas efficiency values lie

in the range of gas flowrates calculated under condition that

only molecular or atomic ions are in the flux.

If Cxa ≈ 3.5, gas efficiency requirements are sufficiently

higher: γm ≥ 0.32, γa ≥ 0.46. Achieving the latter value is

possible only when using ion currents of 250mA or above,

which can lead to a decrease in the life of IOS.

Conclusion

This paper outlines the possibility of using a 10 cm

diameter HF IT prototype with an operating frequency of

13.56MHz as a part of the air electric propulsion engine.

It has been experimentally shown that applying an external

longitudinal magnetic field with an induction of no more

than 75G to a discharge can significantly improve the

engine performance. The measured dependences of HF

generator power (required to maintain a given value of the

ion current) on nitrogen and oxygen flowrates are featuring

the IT-typical shape: there is an optimal operating range

where the required HF power hardly depends on any gas

flowrate. With gas flowrate decrease to some point f cr it a

drastic consumption of power Pgen occurs. The lower the

flowrate values f cr it , the lower the extracted ion current.

Estimates show that to overcome the aerodynamic drag

force of the residual atmosphere, a gas flowrate of less

than 9 or 13 cm3/min is required, provided that the ion flux

consists only of atomic or molecular ions.

Numerical computations of the discharge parameters

in nitrogen have demonstrated that atomic ions make a

significant contribution to the ion current and thrust. Due

to experimental and calculated data it became possible to

evaluate the parameters of the prototype engine, i.e. the

Technical Physics, 2024, Vol. 69, No. 12
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achieved values of specific impulse enabling us to estimate

the potential of using HF IT as an integral part of the air

EPE.
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