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Abstract

The importance of fusion rockets in space is described. Several types of manned spacecrafts which
have been proposed so far on the basis of magnetic- and laser-fusion concepts are reviewed. Critical
issues regarding these fusion rockets are discussed, taking into account the recent progress of
magnetic- and laser-fusion experiments.
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Fig. 2 Comparison of D-°He fusion with chemical, nuclear
thermal and nuclear electric propulsion systems [6].
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Fig. 3 Schematic of toroidal fusion rocket [12].
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Fig. 5 D-2He tandem-mirror fusion rocket [21].
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Fig. 6 FRC (field-reversed configuration) fusion rocket [24].
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Table 2 Performance by dipole fusion rocket for various
missions. Tau mission means 1,000 AU trip [6].

Synchrotron

reflector =——Rg —_.]
, Mars Jupiter Tau
One-way flight time,
7 (yr) 0.25 1 20
Stabilizer Characteristic velocity
(m/s) 1.3x10°| 2.5x10° | 1.1 x 108
Dipole Exhaust velocity (m/s) | 1.0 x 10°] 1.8 x 10° | 6.7 x 10°
Mass flow rate (kg/s) 0.25 0.081 0.0055
Thrust (N) 2.5 x 104 1.4x10*| 3.7%x10°
Initial mass (kg) 5.0 x 10%] 4.0 10° | 4.8 x 10°
X-point Thrust system mass
Flux pot (kg) 1.25 x 10° | 1.25 x 10° | 1.25 x 106
surface Neutralizer Propellant mass (kg) 2.0 x 10%] 2.6 x 10% | 3.5 x 10°
Payload mass (kg) 1.8 x 10°} 2.3 x 10| 5.4 x10*
Payload ratio 0.35 0.058 0.011
A O Thrust power (MW) 1250 1250 1250
Propellant
injector
Fig. 7 Schematic of dipole fusion rocket [6]. PIRESN TS, HEHOBRBERIBO-HI121E, Fig 8

EQITIRT XU, BB DT 5 X< B & EHER

Table 1 Typical parameters of dipole fusion rocket and fj‘%%_ ]\“’ij{f@;jjiiéé'ﬁ@f:ébLZ@:‘ZEUJ‘(???J“X%Sﬁﬁfﬁ
plasma. Current density in Case A is doubled in FEEHE-PPEZOLNRTWS([21].

Case B, resulting in high specific power, since Fig. 10 & Fig. 11 It H I 1kW/kg D % » F 4 3

the conductor mass is significant [6]. S RAGEA Ty Tk BERE F O RFTIS ] 0
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[21]. MWERE I v Y a3y, BRcdusry NOREN
Reactor o6 ] REEIZ R DL L5,
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Current density S— e KR 2 e B - ae z FA D
(MA/m?) 55 43 /\»ﬂ' Fi{r‘i@lﬁ@k;&ﬂﬁ{?éb 1, R4 Vv —o
Ring surface £ REMRITTIXI0NE, AR v b T 1004
temperature (K) 2700 2700 UEDoTLES. LT, RITHIRE % 40-604E
Fusi - -
s 2500 2000 DT LAWAAER S v ¥ 5 viid, BEaasry b
Power available for Lo, 2k z2iE, WE - KEEEEESE kT o
thrust (MW) 1500 1250 7y b)) REICED, REDI0%BYE ORI % E
Ring mass (Mg) 1720 1180 - e 1 e
BT EBHEBRPLETH B (1],
Plasma
T (peak) (keV) 70 70
n, (peak) (m=%) 4 x 10 4 x 10 4, EEEEBEOS Y b DE: S
A/ Ny 1 ! i A HE e oy S B - 11 2% A% Bl A
B ) () i 5o | BRAIEOREL, 11502 R R A0
8 (peak) 0.7 0.7 HRETHAH. BR—=FT5 A<D UIAD « MNEL - MR
xi (m?:s™) 0.002 0-002 FELALIBL TS BEIFL LCRELZVIRDY,
St o o BB ORIEZ0 %\, FHCIE, Bl E
Py/Pp,, 0.3 0.3 PR B L URBRERA DERWEIZE L T3 RIEICER
Pu/Prus 0.03 0.03 SNB—H, BB T N TESIC LS 2518
Thruster BV, 512, BYEEOFHEIERE 327201213, B
Specific power « N . - )
(kW/kg) 0.4100.8 0.5to 1.0 BOL) ICRBCVEELEMETH 5.
Specific impulse (s) | 10* to 3 x 10° | 10% to 3 x 10° 1) WBEBEADTy Mok 25888

PIBOR RIS LA ORER TR TH B ¥ v 74
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Fig. 8 Flexible operating modes available to open magne-

tic fusion rocket [21].
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Fig. 9 Trade-off between specific impulse and thrust-to-

weight ratio in a typical open magnetic fusion rocket
[21].
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Fig. 10 Comparison of trip times of chemical rocket and
fusion rocket with a fixed payload ratio for missions
from earth orbit to Mars and Jupitar orbits [21].
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Fig. 11 Comparison of payload ratios of chemical rocket
and fusion rocket with a fixed trip time for missions
from earth orbit to Mars and Jupitar orbits [21].
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