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Fig. 1. Structure of E-sail thruster: (a) Cross struc-

ture; (b) parallel structure.
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Table 1. Calculation parameters.
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Fig. 2. Calculation region.
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Fig. 3. Flow scheme of calculation.

3 BUER G

31 BERBEBEESFESFHRSHKMERE
EERE

3.1.1 Bk F K5

THELAIAR S D9 K BH RS 8 144 15 59 73 AT AE
BAMTEXE, A FREEL KVIRE 29
LIRS ], BT ) s s S, B i
B LR, WO BRI B I A B T b i
P HO8 Kk, Wk 4 (PALAR Number R 1
UKL H0) Fross; Bl K RH XU B A4 7 -1 B s
R I R e, AE 10000 AN a] 284K (¢ = 1.625 ms) )&,

209601-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

4 3 % ] Acta Phys. Sin.

Vol. 65, No. 20 (2016) 209601

1.6 P

=
=
1

Number /106

%

I J —

Ton
Electron

0

5000

10000 15000 20000 25000 30000

t/At

B4 (RTIRG) BT HE T 5 A5 AR

Fig. 4. (color online) Simulation particle number with

time step.
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Fig. 5. (color online) Ion number density distribution with run time.
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Fig. 6. (color online) Electric potential distribution with run time.
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Fig. 7. (color online) Ion number density distribution with difference cable distance.
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Fig. 8. (color online) Electric potential distribution with difference cable distance.
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Fig. 9. (color online) Parameters distribution on the axis: (a) Potential; (b) ion number density.
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Abstract

The interaction between the solar wind plasma and the bias electric field of long conducting tethers is the basic
operation mechanism of the electric sail thruster. A two-dimensional (2D) full particle model is established to investigate
the momentum transfer process between the solar wind plasma and parallel conducting tethers, while normal incidence
and oblique incidence of the solar wind are taken into account. To ensure the accuracy and stability of the present
PIC method, we take a grid space step of 2.5 m that is smaller than the Debye length and a time step of 162.5 ns that
is limited by the plasma frequency. The main features including the spatial electric potential and ion number density
distribution are represented under the influences of tether distance and solar wind incidence angle, in addition, the effect
of the bias voltage on momentum transfer process is analyzed. At a steady state, the number of electrons is slightly
higher than that of ions, owing to the attraction of the positive potential of tethers. Different tether distances (i.e., from
15 m to 85 m) are taken and show that a high potential bias voltage of tethers can slow down, cease, reflect and deflect
a large number of ions, resulting in a plasma cavity in the vicinity of the tethers. An ion trap forms and captures many
ions, owing to the interaction between the sheaths of the two conducting tethers. In general, a bias voltage of 1 kV
produces a thrust of 30 nN/m with two tethers, on the assumption that the solar wind incomes normally. If we increase
the distance between two conducting tethers, both trap captured ions and thrust show a first increase and then decrease
trend. Furthermore, the investigations of the solar wind oblique incidence show that the thrust of the electric sail is
determined by its attitude and is separated into force components in two directions: a horizontal force that is along the
solar wind and a lift force that is perpendicular to the solar wind. We conclude that the present work first shows that
the lift force is less than zero when the tether plane leans to the right, and greater than zero if the tether plane turns left.
The increasing of the pitch angle leads to a variation of the thrust from —40° to 40°. The presented dependence of the
thrust on the attitude of the tether plane provides an important reference for the optimal design of the orbit dynamics

of the electric sail spacecraft.
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