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An energy balance in inductively coupled radio frequency electrothermal thruster using water as a propellant
was investigated with the objective of improving the thrust performance. Absorption efficiency was estimated by
means of an I-V sensor, enthalpy transfer efficiency was estimated by means of a spectrometer and thrust efficiency
was estimated by means of a thrust stand. The absorption efficiency using water is 0.75, which is worse than that
using argon. This is because the plasma number density using water is less than that of argon due to the low
ionization coefticient. The enthalpy transfer efficiency using water is 0.14, which is superior to that using argon.
This is because the temperature using water is lower than that of argon. The thrust efficiency using water is 0.05.
The left energy would be dispersed as frozen flow loss and nozzle loss. Overall, the thrust performance, thrust,
specific impulse and thrust efficiency are 3.6 mN, 340 sec, and 0.05, respectively, at mass flow rate =1.1 mg/s, and

Incident power = 100 W.
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Fig.1 Schematic of RF thruster.
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Fig. 3 Thrust stand for thrust measurement.
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Fig.5 Relation between mass flow rate and heater power.
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Fig. 6 Equivalent circuit of a RF thruster.
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Fig. 7 Absorption efficiency for different gases.
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Fig. 8 Picture of RF plasma for different power.
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Table 1 Transition data of target atoms

(a) hydrogen (b) argon
(a)

Wavelength, nm Ay, s E,, eV 22
486.1 2.0x107 12.7 6
486.1 3.4x10° 12.7 4
656.2 2.2x107 12.0 4
656.2 6.4x10’ 12.0 6

(b)

Wavelength, nm Ay, s E, eV 233
555.9 1.4x10° 15.1 5
560.7 2.2x10° 15.1 3
641.6 1.2x10° 14.8 5
675.3 1.9x10° 14.7 5
696.5 6.4x10° 13.3 3
706.7 3.8x10° 13.3 5
7273 1.8x10° 13.3 3
738.4 8.5x10° 13.3 5
763.5 2.5%107 13.1 5
794.8 1.9x107 13.2 3
826.5 1.5x107 13.3 3
840.8 2.2x107 13.3 5
842.5 2.2x107 13.0 5
852.1 1.4x107 13.2 3
866.8 2.4x10° 13.1 3
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Fig. 9 Enthalpy transfer efficiency for different gases.

3.5 HEAHIE

Fig. 1012, ARSI 1100 WIZEWT, #EEANIC
KERNT, e—FRECL VB S LS L &
DHED 273, TR mg/slziB T, 79 XK
T34 mNTH - 2 HEN N 75 v 35k #%133.6 mNIZ
WMLz, Z0kHic, 77 Xv0EKTEVHENIN
BEIL W, EOHE S ~DEENEEHZB L, 11
mg/s, 1.9 mg/s, 2.5 mg/s & FEEOEMIZEN, #E57133.6
mN, 6.1 mN, 6.1 mN&, &L mg/siciBVTHRARE
o TWA, ZORWFig 1HIRT LI, A
B9 mg/sLAF TlE340 secf2EThH - 05, 2.5
mg/s THE250 sec LR T LTW 5, —J, #EDFEL1.9
mg/s TIE0.09TdH - 7223, Witk D THL0.05TH -7,
O L S ITHEE RIS TR Lz, DR
ELT, UTFoZEREZLND, Tihbh, Ktk
WZBWTIE, BEENOENMENZD T T A~ EE
MRS, TORER, BAK» ST T A~ ~DENRE
FEMETF LI ICENT 2 EELLNE, —F,
P25 mg/siZ IV THEEZIRBMIKS 22 o 7= DI, e
AT ENE=RET L, ZORER, TR T-OWREN
KFLcfebEE2bND, RECHHILGETLT
BY, F7 IR0 ORNEBENRTF N E0DH
A ohb,

Fig. 12ICHHERNC AR E W o mEEREEA T 2 2 D
HEMER B 1.1 mg/s TO TRV —RF L A& 54, B
FEI00 WD 5 H5 WD, HEANCAEBA S 1, 5% (3IA1EE
I, BRI, A ToORKB UMK L L
T, B EhTWa, MEm Eozoicix, 3758
1E25% D= FAF - BE L TOBBIMREDNEDOL
ERFTOND, IR BESERST V7T 0K
Wik, FETAIRFT NI DAEEV—RELT
PMTBHZLICIVSFETDEELD, ElfRkDx
FAF—HREEZ LNAZBEKIT, BEAHICL -
TEIT A Z ENFRELE B Z D, BT, J ALEH
B X ORI U i B N E S o8k O
I ANt EORBBSBLETH S,

Mass flow rate, mg/s

Fig. 10 Relation between mass flow rate and thrust.
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Fig. 12 Energy balance in RF thruster using water.
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