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Formation of a compact toroid (CT) or field reversed configuration (FRC) with a maximum input of energy and
the capture of the magnetic field into plasma is an important scientific and technical challenge. The new method of
CT formation is proposed and applications of CT/FRC are presented.
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INTRODUCTION

Compact torus (CT) — spheromak and field reversed
configuration (FRC) is the so-called alternative fusion
scheme [1-3]. CT has several features that make
perspective its application for the space propulsion. CT
is a closed magnetic trap, with all the advantages in
relation to open systems. The CT has high value of beta
(beta is the ratio of plasma pressure to external magnetic
field pressure). Therefore, the energy of the plasma in

the CT is 70...80 % of the total energy.

1. FORMATION SCHEME

Formation of a CT or FRC [1-3] with a maximum
input of energy and the capture of the magnetic field
into plasma is an important scientific and technical
challenge. The proposed method of formation is similar
to the formation of FRC based on 0-pinch [1], but has
some differences, which will be described below. One
of the main CT formation problems is the low level of
the captured magnetic flux.

The general formation scheme is shown in Fig. 1.
Chamber is filled with working fluid (hydrogen or
deuterium). Then current passes through coils and
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a - generation of poloidal magnetic field

creates a poloidal magnetic field (Fig. 1,a). Current is
cut off at the time of the maximum current that is
creating a circular current into the plasma. Plasma
current is directed in a way to support the decaying field
(Fig. 1,b). Poloidal current is passed through the plasma
to maintain this field. This is a circular field, decreasing
with the radius. The result is a helical magnetic field,
which supports the resulting current in the plasma and
increases the captured flow. Then solenoid of reversed
field is turned on (Fig. 1,c), an elongated configuration
with a circular magnetic field is a result. Configuration
is compressed in the longitudinal direction and goes to
equilibrium (Fig. 1,d).

Level of trapped magnetic flux does not exceed
20...30 % in experiments. In our experiment a level of
longitudinal magnetic field is captured by the plasma
reached at least 60 % (in experiments with a quartz
chamber up to 90 %). These results show that this
formation method is perspective.

A study of compact torus formation with a
longitudinal current was done [4]. This method of
formation has not been used before, and was tested for
the first time. Experiments showed that this method can
significantly increase the energy input into plasma.
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Fig. 1. Compact torus formation: B, is the poloidal magnetic field,
1, is the poloidal current, B, is the toroidal magnetic field, and 1, is the toroidal current
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A theoretical study of possibility to use that
configuration as a plasma rocket engine was done [5-7].
During experiments two cameras of dielectric materials
with different diameters were used.. Larger diameter
chamber gave the expected increase in the lifetime of
the configuration. Experiments with a small camera
gave an increase in the value of the captured magnetic
flux because of better material quality (quartz).
Diagnostic system was developed using the B-probe to
determine the magnetic flux.

2. FRC APPLICATIONS

The main losses from plasma are bremsstrahlung
radiation, charged particles transport and neutrons.
The global plasma power balance is given by:
P.+F=F+#H, +F, +E+F.

brem tran

Where Py is the fusion power, P; is the injection power,
P, is the neutron power, Pp,., is the bremsstrahlung
power, Py, is the charged-particle transport power, P; is
the synchrotron radiation power, P; is the thrust power.

Ratio of the fusion power to the total power of losses
for reactors (all radiation and particle losses) for D-T and D-
3He reactors are shown in Fig. 2 and Fig. 3 respectively.

Results of solution of the power balance for the D-T
and D-He reactors are shown in Table 1. Parameters of
a FRC power plant are presented for comparison. As
seen D-T reactor is more powerful then D-"He and
therein more the power of loss. This is due to that on D-
*He reaction has less neutron yield.

The general scheme of magnetic engine RACETA
(Rocket As Compact Elongated Toroid Advanced
project) is shown in Fig. 4. In the reactor chamber, the
plasma configuration 7 confined in quasi-equilibrium
that is sustained by fuel injection 8. Charged particles
and neutrons are results of a fusion
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Fig. 2. Ratio of the fusion power to total loss power for
D-T reactor
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Fig. 3. Ratio of the fusion power to total loss power for
D-*He reactor

reaction occurring in the reactors chamber. Neutrons
and the radiation go to the chamber walls and heat it.

Charged particles (reaction products and fuel) are
translated into the mixing chamber 2 with hydrogen (H)
injectors 3. Propellant 4 is heated by the reaction
products and going through the nozzle 5 and creating
thrust. Part of hydrogen is cooling the reactor’s
chamber. After reactor chamber, hydrogen goes to the
turbine and produces electricity. Parameters of fusion jet
were calculated for each fuel type. The results are shown
in Table 2. Advantages of D-"He fuel [11, 12] are the
highest thrust and specific impulse.

Table 1

Comparison of calculated parameters of reactors and conceptual designs of power plants

Parameters D-T reactor | D-"He reactor | Artemis [8] FRC Wisc[9,10]
Fuel D-T D-"He D-"He D-T
Specific fusion power Ppgon, W/m’ 14,9 12,3 24 8,11
Specific power of loss Py, W/m’ 11,9 1,55 6,47 6,63

Fuel density n, m” 1,39-10°! 8:10% 5-10% 3-10%
Temperature T, keV 20 7 87.5 24
Fusion gain factor 1,248 9,7 7 1,3
Electric power P, MW 417 670 1000 1000
Magnetic field B, T 5 7 7 2,4

Beta 0,9 0,9 0,9 0,8

Fig. 4. Magnetic fusion engine RACETA (Rocket As Compact Elongated Toroid Advanced project): 1 — reactor
chamber; 2 — mixing chamber; 3 — H injectors; 4 — propellant; 5 — nozzle; 6 — magnets; 7 — plasma,; 8 — fuel
injector
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Table 2
Fusion jet main parameters

Parameter / Fuel D-T D—He
Fuel density n, m” 10* 3-10%
Temperature T, keV 20 70
Hydrogen flow, kg/s 0,4 0,5
Specific impulse, m/s 22800 48120
Thrust, N 9120 24060
CONCLUSIONS
In this paper, we consider the field-reversed

configuration (FRC) formation and its applications as a
reactor and magnetic fusion engine for rocket vehicle.

Power balance of the FRC reactor was calculated.
The advantages of the proposed system based on D-"He
fueled compact toroid are high thrust and open magnetic
field lines that enables the direct energy conversion.

The main characteristics of the reactor and plasma
thruster based on FRC were obtained. Comparison of
suggested D-T and D-"He FRC systems is presented.
The results showed the prospect of using this high beta
system for interplanetary flights.

The reported study was partially supported by
RFBR, research project No. 13-08-00330 a.
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TMPUHITAT CO3JIAHUS YIYYIIEHHOMW CUCTEMBI VJIEPXKAHMS IIJIA3MbI HA OCHOBE
KOMITAKTHOI'O TOPA

H.B. Pomaoanos

PaccMoTpeH HOBBI NpPUHOMI CO3JaHUSl CHCTEMbl YJIEP)KaHMS IUIa3Mbl BBICOKOW IUIOTHOCTH Ha OCHOBE
00OpameHHOM MarHUTHOM KOH(UTYpaIiu (FRO), Kak Haunboee MePCIEeKTUBHOM JUTSt
MaJIOpaJO0aKTUBHBIX/0E3HEHTPOHHBIX peakiuii cuHTe3a. PaccumTan OajaHC MOIIHOCTEH peakTopa Ha OCHOBE
D-T u D-’He TommmBa. O6cyxkmaercss mpumenenne D-"He TommmMBa B KauecTBE MCTOYHMKA SHEPIHH IS
MEePCIEKTUBHBIX JBUTATEIBHBIX YCTAHOBOK, MPEICTABICHBI OCHOBHBIC Mapamerpbl (TAra, UMITYJIbC) JUIS TaKOH
CHCTEMBI.

HPUHIIAI CTBOPEHHS NOKPAIIIEHOI CHCTEMHY YTPUMAHHS IIJIA3MH HA OCHOBI
KOMITAKTHOI'O TOPA

1.B. Pomaoanos

Po3risiHyTO HOBHMI NPHMHIMIT CTBOPEHHSI CHCTEMH YTPHMAaHHS IUIa3MH BUCOKOI T'YCTMHU Ha OCHOBI 3BEpHEHOI
marHiTHOI KoH(irypauii (FRC), six HaiOLIbII MEepCHEeKTUBHOI ISl ManopalioakTHBHUX/OC3HEHTPOHHUX peakiiit
cunTe3y. PospaxoBaHO GamaHC NOTYKHOCTel peakTopa Ha ocHoBi D-T i D-’He mammsa. OGroBoproeThCs
3actocyBanHs D-"He maimiea B SIKOCTi JuKepela eHeprii JuIsl IepCHeKTHBHUX JBUIYHOBHMX YCTAaHOBOK, IIPE/ICTaBICHi
OCHOBHI IapaMeTpH (TATa, IMITyJIbC) U TAKOI CHCTEMHU.
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