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Propulsion system utilizing the solar wind

Bow Shock

e Solar wind(@1AU) \

Gas: H, e

Density : 5.0 [cm™]
Velocity : 300~500[km/s]
Dynamic Pressure : 1[nPa]

magnetosphere

mag. field

spacecraft
(coil)

® Thrust of Mag Sail and Magneto Plasma Sail
e Thrust is the drag force to the magnetosphere
® Thrust is transfered to spacecraft via electromagnetic effect

® Thrust = (dynamic pressure) x (size of magnetic field)
3

Inflation of Magnetic Field

e Mag Sall
e Magnetic Field by Coil only
e Very large coll is necessary

Original Magnetic Field

e Magneto Plasma Sail RN

¢ Magnetic Field is inflated
by injected plasma

Spacecraft

e | arge coil is not necessar

e o S

Plasma Injection

This document is provided by

JAXA.




BRERE S Al I ab—rarU—2 g v PG HE 125

Previous Works

MHD Simulation
® |nteraction between solar wind and
magnetic field for Mag Sail
® |nflation of magnetic field without solar wind

No results for interaction between
the solar wind
and
the inflated magnetic field

Objective

® 3-dimensional MHD simulation for MPS
Interaction + Inflation

Spacecraft

e Effect of Injected Plasma G
® Dimension of magnetosphere
® Thrust estimation

Solar Wind

Magnetosphere
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Governing Equation

e |deal MHD equation

e Magnetic field is separated into two parts
¢ |nitial magnetic field By
¢ Induced magnetic field B’
e Total magnetic field

| pun+(p+ %)I — B'B’ LY. (Bo-B)I —(BoB’ +B'By)| _
uB’ - B'u uBy — Byu 5

(E! +p+ 28y — (u- BB (Bo - B)u—(u-B")By

Density .0 Velocity :# Pressure :P Heat Ratio : Y
; ; ) el l ' B - B
time : ¢ Energy : E = =T Pkl
7

Numerical Method

e Numerical Flux

e | ax-Friedrich Scheme
e MUSCL (Cubic Limiter)

Time Integration

e Euler Explicit Method
® | ocal Time Step

V - B = () constraint
e 8-wave Formulation
Specific Heat Ratio G =1 Si)5)
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without Plasma Injection

Flow field around Mag Sail
( Assessment of Numerical Method )

Calculation condition

Dipole Magnetic Field

Spacecraft

Inflow Condition Oth-order
% Extrapolation

(Solar Wind)

Solar Wind

Density : 5.0x108[m™)
Velocity : 300[km/s]
Temperature : 20[eV]
Mag. Field : O[T]

Boundary
Density, Pressure: Extrapolation
Velocty: O[m/s]

Mag. Field: Fixed (0.02[T])
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Flow field around Mag Sail

without Plasma Injection o

L25x10 //o?'

|/
Vehicle

& CUSP

| Stagnation Magnetosphere

Bow Shock Boundary
07 o1

Flow field which is similar to the interaction between
the Earth and the solar wind can be reproduced qualitatively.
I

Quantitative Assessment

e Radius of Magnetosphere

RMS [km]
CFD 0.0499
Theory 0.0486

Good agreement between CFD and theory!
12
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with Plasma Injection

Flow field around Magneto Plasma Sail

Calculation condition

Dipole Magnetic Field

y
. Spacecraft

Inflow Condition Oth-order
(Solar Wind) \ Extrapolation
E
v . 1!
: N T st
Solar Wind il N Vo 5\:\--' '
Density : 5.0x10%[m™9| 2
Velocity : 300[km/s] i
Temperature @ 20[eV] i
Mag. Field : O[T] e
[
Boundary t%égﬂﬂi

Density, Pressure, Velocity: Fixed '
Mag. Field: Fixed (0.02[T])

»
¢
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Injected Plasma
Art Mag. Field at Surface : 0.02[T]
4.0[km/s]
20,000[K]

1.1

Velocity
Temp.

_ Dynamic Pressure __
Mag. Pressure

Mach

Beta  10719~10Q°

: Density

: Velocity

: Mag. Field

: Permealbility

15

Effect of Plasma Injection on Flow field

Pressure Magnetic Field

‘ with Plasma Injection
| p=10"

withon.:t Plasmla lnjectilon .
%03 02 01 0 01 0.2

wilhoull F'Iasmla Injectilon
-0.2 -0.1

0 0 0 0.1 0.2
X [km] X [km]
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B-Field Strength near spacecraft

— 100
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no inj.

l
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Size of Magnetosphere

Radius of Magnetosphere Ry [km]

104
Beta Value !

Thrust Estimation

Drag to the sphere

|
— CD Epswugw

® Drag coefficient for sphere
Cp=1.0

® Frontal Area of magnetosphere
Si=m R o

® Dynamic pressure of solar wind

1 5
§Pswu§w = 0.4 [nPa]
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Thrust and beta value

Thrust [N]

Beta Value !

Thrust of 1 [N] with B=102 is achieved

21

Summary

3 dimensional MHD simulation for MPS including
inflation of the magnetic field by the plasma injection
is performed and the thrust of MPS is also estimated.

e QOur numerical method was assessed for the case
of Mag Sail.

® Magnetosphere can be inflated by the plasma
injection
® The size of magnetosphere is dependent on beta

value of the injected plasma.
Rms (B=10~ : x1000)

Thrust (B=102: 1[N])
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