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Feasibility study on ignition of green monopropellant using a pulse laser

Toshiyuki Katsumi, Masaya Furusawa '

ABSTRACT

Monopropellant thruster has been widely used as a reaction control system of a satellite,
spacecraft and so on. Currently, HAN-based and ADN-based green monopropellants have been
researched and developed as an alternative of conventional hydrazine monopropellant because
hydrazine has high toxicity. These monopropellants cause combustion because these contain an
oxidizer and fuel, and flame temperatures are higher than the hydrazine. For a ignition and
combustion methods, high resistance to such combustion environment as high temperature and
oxidation atmosphere is necessary. We focused on laser ignition which has high durability in a
combustion environment. As one of feasibility studies, ignition tests of a HAN-based
monopropellant droplet were performed in a closed chamber using a pulse laser. We measured inside
pressures of the chamber and analyzed product gases with several different laser energies. As the

result, it was found that propellant droplet can decompose and gasify partially by pulse laser.
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SfRL, FBAELEIET A LB LHEENZ55. £7o, HERIIE, Z2<0EFE1PSY
FEERENZ END, EHE RTIVURMERIN TS, LavL, B RTVUEEWE
PEEFBANEEZFT D0, HETE RIDUERVIEEICTBWTE, EE#RD
EH, ZHREOES, SLH AR S, BERLAERNLETHD. IF, B KT
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BE, 3—n v/ TlE, ADNRIKTE 1 IRHEEAI WL N HED 5T Y, 2010 4
(3 ADN 5% 1 HERER 2 W A T 2 2 2858 Lo N TE2 (PRISMA) 23415 EiF b,
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BRBESOS 24 U, BBERRN S ER (9 2000 °C) 2 IR LBEFAKIC /2 D12, filtidfeit L
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JKE L OYRBESIE T 1EIZ DV TRk A 2 B0 M A HED HILTW D, @O R & muv
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<,5Wb¢ﬁﬁ%<iéﬁﬁHﬁFﬂ@b%Jb A= T Z 7L FEMPENT L HFET
HbH. ZOLIC VYR KIFENRFEREEAT 50, L—F—EE T RICREITH
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ﬁlﬂﬁﬁﬁ®v~#~ﬁkmowfu,M<Oﬂ@%ﬁ%ﬁﬁ%éﬂf“éww.LWL
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2. RKEBROFELB IOSRMHE
2.1 {63 1 IRHEER
HAEN T JAXA 1T & - THE 2B & 7- HAN RAKEE 1 icHedEH] (SHP163) "% xt4:
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Tablel SHP163 O#HEL (B &)
HAN Wle 7 v E'=17 L H,0 AR ) —)

73.6 mass% 3.9 mass% 6.2 mass% 16.3 mass%

Table2 SHP163 &t R (NH,) ORFREAE D Holg
W OEMELE - £ Pe=0.7 MPa, H#E11%5 C,=1.875 (NASA-CEA'?)

SHP163 N,H,
p [g/ec] @20°C 1.4 1.0

&E.m (K] <243 274

LEHETT Isp [s] * 276 233
WrEl kK RIREE [K]* 2394 871

b LD50 #&1 [mg/kg] 500-2000 60

LD50 #%8 [mg/kg] >2000 91

2.2 EBRFE

AFGAZIIBNTA Y =7 X X SN HEER ORISR KTHZ L2 HEL
BEPARGP CH M AR L LT K ERZ e L7z, FEhRsE @%%%Fgl_r#
EPARZIZ 2 KOA TR (B 0.1 mm) ZAR7ZIHTEHE L, DR MIZ HAN & 1K
HEtEA] (SHP163) DA I, 20L&, MOV A XILELEN ol.5mm (5 1.8
ul) & L7z, 7o, BHARBNOFERITZER, PIHET1% 101.3 kPa, FIHIREZ 25 C

L.

Pressure
sensor

Closed chamber

Fig.l L —W— Uk FERREEE ORI X

F72, RKHDO/ VA L—H— & LT Quantel B EverGreen 145 (Nd:YAG) Z#Hw/=. L
—f—@iﬁ%isn nm, ZUVABEX 10ns LR CTH D, EBRTIE, Figl 1T L51,
—JeE L X (AR 0 170 mm) THLY, SHP163 OIEMICHS L7=. T & [H
H#C BARGHRNOEE v —F—2 VX —%2WE L. £/ (Honeywell H
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FP2000 FPG2AN1AJ2G5G6A) & L —H— U —+ 4 (OPHIR # PESOBF-DIF-C) % H\>,
F—% 11 H— (National Instruments # NI 9205) (2 X > CTEM | kHz TiogkL7-. X 51T,
EFRBAIM B J O RALRFEM O A (ERMIEWH  GASTEC 11L, —F{bikE
Hl : GASTEC 2LC) % HIVy, SEBREE D PR N O AT A DTSRI 72 38 24T - 72

3. BAEBROBERBIUEBE

3.1 VA L—PF— T RV F—DEEE

PVA L =P —=DEFRLF—% 20, 30, 40, 50, 60, 80mJ &ZH L CHRAEREIT,
FPARERNIE ) ORFRBRE A TS L7z, #R % Fig2 177, =0s D& &, /S AL—H—
% SHP163 &I HRI L T D, R TOERMFIZBNT, L—F—%BHET 25 & FRFCR2MIC
JENRERLTWAEZ ENbnG., ZOAERENEFIZVL—Y—FRT LA 7471
E2bnEEZLND. ZOEM%, EHEILREL, BLE—ElEHR-> TS, Z0—
EREINE SHP163 WKEH D I AMUIZ L > TAL TS EEX LS. VAL —HF—DxT 3
X =73 20 mJ 725 40 mJ ~HEINT DI O TR R ENEIZE S > TS —H T, =
ANAF =340 m) L ETIIRERBIITRVESICRRD. ZDZ &b, SHPL63 Kl D
H A EFGT B RV AL —F—DE I AR T LBRH D = ENTHEID.

60

Pressure P[Pa]
w
o

Time X#£[s]

Fig.2 Time histories of chamber pressure

3.2 2OV AR L—Y — D5 B R DR
PV A L=l LC 2 ARG L2 E O RICHOWTORT. 2ol 1HH-Y
DNV AL =P =D)L X —%30mJ] & L, 1[EHE2EHD VAL —F—DOREHHE
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IX20ps & L7z, 7OLA L—W—% 2 [IRS L7- 86 O BRI ORI EEE % Fig.3 <
R RO, 1 EBEOEES G0ml, 60ml) bFEIFFHIRT. SULAL—H—% 2 [
MU L7234 (Fig3 H30mJ (Double) ) D) EFIE, 30 m] D/ VLA L—H—% 2 [/}
LS AOEF A F—LEL60mI D/ VA L—F —Z 1B L-5HE L0 bEn
ZERbND. ZOZEnb, SNVAL—Y—% 2 [mhEkE L CHRET S Z &3 A AR
ETDENSDZ ENMAZD.

60 T
: i i [ —30mJ(Single)
50 Lol ______________ —30mJ(Double) |
| —60mJ(Single)

Pressure P [Pa]
[€%]
o

Time X+t [s]

Fig.3 Pressure time histories in the cases of single and double pulse laser

SHP163 ¥i&iii 0 & K 0 BOPEERRIEIC BT 2 BRI E ) R BEE RO D L, SERREEL T2
BAIZIEK 115 kPa, EBEOZER OB OLAITIIN 248 Pa TH DA, FEREIL 1 BRSO
BAITRKK 25 Pa, 2 BIFBE OBAIZR KK 38Pa TH Y, EERELIBKBEOEEDO LD
LA LD B/NSWN ERDND. IBEIAToTemEHE D A TIREIZBNT, L—F—
PR ZITIRO £ ETROHE > TV DERFABIE SN Z Lnd, L—F =R L 2 7 21k
TR THD LN ZENEZLD.

33HE T AT

AR & O CTHRUK EBR S OB BRI O T A Z SN LB R, —ibix
FKITRHTE oo, EFRMBIEY (NOx) 1 IERD DM Sz, 7L AT R LF—
2330 m] D & & DEPARERN AT A D NOx IREE % Table3 |2~ b—HF—& AT 252 &I
Lo TNOK AR LTS Z D, SHPI63 IZE D HAN B LN AN O3 R E
LTV Z BRSNS, LaL, ZEMEREPRE SR -722 L2vD, SHP163 1T
EENDAZ ) —IVORBERUNIAE Cle o To [ REMER & 5.
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Table3 NOx concentration of product gas with laser energy of 30mJ

Single shot Double shot

1.8 ppm 2.2 ppm

4. FLHLEBRDORE

7V A L—H—{Z X D HAN % 1 i HEdEA] SHP163 D sk D EBIAREVE A MM+ 25 2 & %
HigE L, mkFEBREZFEML, JEIER L OME T A a1To7-. T ORER, /<
VA L= =D RV F— 20 mJ~40 m] OFFHTIX, =X —0me & Hich A1k
BN Z D ERbhoTz. —F, TRAXF—2340m] DL EICB W T AMEEICK & 724
fbixBHE N2 hotz. Fiz, 7L AL—H—% 2 [mHEFGE CHRFT 5 Z 212X -> T, AL
IIMEESIND Z L Bbholz. 72720, EH EFREIFHEREICEL TBLT, TAIR
P Th L Z RSN, 612, ESRRT AT L > T NOx B S/ Z &
235, HAN & L <13 AN OSEISHNAE T TWD Z ERHEI Sz, Uk, <=z
— Pl Lo LG EFBER L, TASELZ L EFEES 2D, L, e
BITRBESE DT ESTE LT, HiloeXT A—XOFBIONTHRFTL, TS
DEMEER LT HMNERHD EEZD.

S, 7OV A LY — %t T 2 [R5 BR 0O IR ] [ IR 0D s B0 IR B AU T D S
2 EITOWTEHMI 21TV, ZHE TICEM L TOWAEDRESS T A5z T, 3o
DA EZATH Z LT LT, BRBBET 2ROV TIHMET 5 &3S, 5 KEpE
REKAD=ALEH BT LIz,

e

AFFE1% ISPS BHFE: 15K18282 OBk %% 3 7-HDTh 5.
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