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Abstract

This paper describes the performance of a proposed bipropellant thruster using nitrous oxide (N20) and dimethyl ether (DME).
Conventionally, nitrogen tetroxide and hydrazine are used in thrusters for spacecraft, but requires gas treatment systems in the ground
tests due to toxicity and reactivity to materials. Hence, we proposed to apply N2O and DME to a bipropellant thruster in order to develop
a compact and eco-friendly bipropellant thruster. N2O and DME, which are liquefied gas, are neither toxic nor reactive to materials, and
require no gas treatment system in the ground tests. Furthermore, the combustion chamber can be downsized because gaseous injection
can eliminate the evaporation time. The application vapor pressures of 6.4 MPa (N20) and 0.6 MPa (DME) at 25 °C to self-pressurization
would eliminate the necessity of pressurant to simplifies the feeding systems. In this study, a 0.4-N class N2O/DME bipropellant thruster
was prototyped, and tested in a vacuum chamber. The thruster yields combustion chamber pressure of 0.32 MPa, with corresponding

Cefficiency of 79.2 % at O/F = 3.5.

1.5

HE, Ko 2 M- B TR A A RE AR B/ N A T
BEIEANEET Y, ZORBICRECF ¥ —0¥ER
ERBAT B X Do T-. T BF I, 2013 4ELIR%,
JRIEETHING D AE T VicdH 5. £ 7=, B/ RII0EE,
EX -y FRTHL EF N TE R, KIETE, B
IR EROI =a sy FOBRENED S, 2018 42
A3 AT IAXA BEEM I0m e 4 v ~ [88-520 5 &
M) 12 X A/ AR TRICOM-1R OFT 6 FIF 2kt &
7=. Zoxkoic, B/IREREOI D EIFOMEEITIRN - T
W5,

Ltk TOBNIBEENR I AT L— gy, TH— R
—varI7IA Newolt BRIy v a v EEITL, IE
PO PR L TN 2O, B0E I BB H i 0 7=
OOHEERBLETH S, L LAans, #/MNgEEIZIT
HESCABOBFIND Y, 1RO E O F FHHET
HZLIIREETHD. FOTn, B/INERICHEER 2
FHLUZBNI D, £72, BEMEOBSED S HEERNZ K
FHHERRDO LN S.

ek, MRk —Z=FNTOY E KT ¥ 2 (NoHa) & HEEA &
T2 TIRAHEER S N TRIBICEH ST 72, LaL,
NTO/NHs (3R W2 H T 5720 ERER IV CTHEY
AN NE CEEINEIC T A RN D,. 51T, EEE
FUE NTO 725-11.2°C, NaHa7N 1.4°C L, bE—X %%
WT 20 °C FREECIRIET DR ERH Y, HEEFIMHEICIZE
FREOMETAZETBHZ LD, MEENEHICRS.

PLEDOBEIZE Y, NTO/NH, % /N R ~E AT 5 2
LIIREECH D, Fol-w, EFRCRERAMEICEN-HE
R E Wz, N OTERRHEER A RD 5T D,

AREFZEIL, T CREEAMEICENT- N2O/DME % HitE
A& T2 S HEER A RE T 5. vk TORIETLIC
X0, BELUZBRENSONTZN, CHIRMIT 70 %A
LARVMEICEE F - T e, 22T, #EERIORS FEICE
BL, oM EE2X-7=.

2.N20/DME =& s HEHE 23
N20 & DME I3 EMENEE T, ZAQEIZENEN 6.4
MPa, 0.6 MPa TH D Z Lvh, HEORKIEIZ L DHHE0
FHRETHD. Lo T, BHELEOMELTANAREL 2, i
WMAREMFBILT D ENHKD. 72, [RE L CTREEE
AR T2 2 ikl 0, B Ch 2 BRI AE 012T
DML, BREEO/NUERFTREE 725, b1, &
B DOMENI T 2 RUGHEN D 72\ 2 & SO IR ETIEIC
XKL LTI T AT 0TI EN TV 5. B
FeHEF71 NTO/N2Has 23 318 s, N2O/DME 78 290 s & (73

W, U EOXICEZEERE BB ES e ki, i
FAL EARUER LD D Z Lann, BET LHEERL, 8
RMBEIZHEE LTS ENR 5.

3EME L=t

3AREHEER AR Tl N2O & DME DiEE O
WXV PERED M E& B L, Figs. 3.1, 32 O X 9 2Rk
PRIELT.

PRBESE PNER CTHEERI2ME 5 72\ X 912 N2O & DME 13%
NEN2 y FTOFEAONBHAS Uiz, NoO 1, R, 7
PR L, DME 138 BE S MIBE OME K 12 5 Hi iz md -
THEE L=, ZooiEic Ly, 28—2 75 750 DME
BEZ T, ZOTFHRTNO A DME & 5IZRET 5.
Zo X oI LIEERIE, A8—2 7T J i DME
TEEIADN 20 %L F CRREENZET DMBHIANH > 72720
THHE Tbb, ERMTIEEALLTWVWOFIZL, T
T DME #BIL T, MRENKKERD OF I2T5HDT
HDH. 2B, BKADOANR—2T7F 71360 Hz THEVIKL
VEE) S48, HEEREOS TR O > — VICIIE IR RS D A 7
v M EHWE.

Pressure gauge port

| Injector
and
Combustion chamber

DME inlet

" Pressure gauge port

Nozzle
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Fig.4.1. Schematic diagram of the experimental apparafus.

Table 5.1. Parameter of thruster.

Combustion chamber inner diam.
d[mm]

12.0, 18.5, 25.0, 30.0

Table 5.2. Parameter of propellant.

mass flow rate [mg/s]

Vacuum

OF " \,00 DME NO+DME Ispyls] C "Ml
3.5 162 46 208 207.5 1508.3
5.7 186 33 219 197.7 1437.4
8.0 207 26 233 185.7 1350.1
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Fig.6.1. Time history of combustion chamber pressure for stable

combustion. (d =25.0 mm, O/F = 8.0)
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Fig.6.2. Time history of combustion chamber pressure for stable
combustion with automation interruption. (d = 12.0 mm, O/F = 3.5)
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Fig.7.2. Result of Flow Simulation.(d = 30.0 mm)
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Table7.1. Number of meshes.
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