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Laser ignition of hydroxylammonium nitrate based monopropellant

Toshiyuki Katsumi''

ABSTRACT

In most researches on a green monopropellant thruster, a catalyst is employed in order to initiate the
chemical reaction in the monopropellant thruster as is the case with a conventional hydrazine thruster.
In the case of Hydroxylammonium nitrate (HAN) based monopropellant, SHP163, the catalyst is easy
to be degraded and/or broken because its flame temperature is too high for the catalyst. In order to
extend the lifetime of the thruster, we evaluated experimentally a laser ignition method for HAN based
monopropellant. As one of feasibility studies, ignition tests of a propellant droplet were carried out in a
closed chamber. We measured inside pressure of the chamber and obtained shadowgraph movie by using
high speed video camera at several different laser energies. As the result, it was found that HAN-based
monopropellant gasified at more than approximately 20mJ of laser energy. And, the behavior of a droplet

was observed successfully by high speed shadowgraph when a laser was irradiated.
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1. IL®I

BUE, vry hONTERERR EORBHEIBAA T 22 OHEERIE LT, Z2< OFEENH VG
HOENE RTZPUNIES AL TS, L, B RTUIIRNAMES I OEWEEEE
T 5720, BOFNEHCEROEHBLETH 720, (EERKIROSHAD HIRNSMLETH -
20l BARENEG, B BB KO - 2 2 FOEIROZ®, B RT Y ACED S
KHEMEO RHEERI O N E NI CIERIITOILTWD, 51T, T4, vry hOALHE
EAOMFL - (KA MERRD LN TN D & &I, FEWESEREARMYE ORI OB
b0, BENOKEREAMN OB ICEN - SERHEER 2 RO 5 KE N & E > T D,

2T, Bt Z, ReEdtE, BN TOAFMD LOHEEMRICENL 7 HAN 2 ERr & L
ToARFEME | IRHEEANCIE R L7z, HAN R 1 IRHEERIZ DU TIE 1980 4R L 0 ENSL THFFE 23 it
HHENTEY V2, EHNTIIEEE SR PERE 2 HEMEFIFLAL (SHP163 : HAN / iR 7 > £ =7 A
(AN) /H,0/ A% /7 —/L (MeOH) = 73.6mass% / 3.9mass% / 6.2mass% / 16.3mass%) H3BH% i 7,
1A T A% OERAICET T2FZERED 5TV 5 *Y) Table 1 (2 SHP163 L & KTV D& FE
R 2 R,

Table ] SHP163 &t KF 2 (N,H,) OFFREFMEAE D L
¥ HESME (NASA-CEA?) : [£7) Pc=0.7MPa, #t/1#%5% C,=1.875

SHP163 N,H,
TR p [g/ec] @20°C 1.4 1.0
EE[E A K] <243 274
LeHET) Isp [s] * 276 233
WK SR EE K 2394 871
i LD50 #% 1 [mg/kg] 500-2000 60
= y
LD50 #¢5Z [mg/kg] >2000 91

HAN 3% 1 {lRA T A X O KIFIEIZOWVWTIE, B RTZ VU 1RA T AZIH, itz v
VAT ANERTHD, LLARRD, B RT V0 LT HAN R 1IRHEER O Bk 28 16 %
< (Table 1), ERBMEARPASICI T D AMBEOHLLCHREN B S S D L3S, filfiEo B
VETHDZ EDDARFICER ST 2 EBNEELV, BRI, ARV T, ATHEZEOHM
(XA T A DOFMIKITT D72, HEOHEMREZmRL, BHFMORKTIEEZEBRT 2 LEND
Do

EIRBEEHRICBIT DMAEORER NS, FxldL—F—Ic kD kIcER L, Lb—H—mK
KT, HMKOFA I T ENE, BETREICRETELZ LD, BRI mUKEN Z M5
D EMNMTED LI, BIEENTICHEED D 7202, BREEC X 20N E L2, 2
NOEDEELD, Lz Do R0H AR — DU 8 G E TR R PR R~ 3
WNHIE S, TERICHIZEAED STV 5 7y HAN % 1 RHEERI O L —H — 5 K120 TiE, W
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K ONPMRHERENPREEINTNE YY), LaLAans, HARENTO®RERF T/ <, SHP163 % xf
Sl L= DIERIMBIA 2V, L7 - T, AWFZETIE, BARENTATFHEZ: HAN R 1 iRt
A SHP163 O L —H — kK DOFEBLA[GEMZ3ME T2 Z E 2 B & L, SUkSFEER %2 320 L7,

— ¥ — KUKER

2.1 BB
ARG AZNZEBNTA V=7 Z XD WEH S HEER OWRTFEIC AT H 2 L2 BEL, BHAK
P CH AR E UTo sk FER A Fifin Lo, FEBRAEE O % Fig.1 (2R,

Pressure
sensor

Closed chamber
Fig.] L —%— Rk SRR E ORI X

PRGN 2 ROA G (EAE 00.1mm) 24272 SHTRE L, ORI HAN R 1 ik
ﬁwﬁmmwwmﬁ%%ﬁéﬁ =P =z L TR RS L7 o_w&%,@%®%4
RILEAERD @1.0mm (F) 0.5uL) & L7z, £7o, FMHARGHNORMKITIZER, WIHES % 101.3kPa,
QQME%QSC&LKO

¥70, EBRTIE, L—¥—I12XK 25 HAN R 1 ikt ﬁ@%k%i%@%#étw PR AN
BT DEDREE Y RO T I 7B 2@ ERE TN ENFER LT, EEOHEG L, £
JIE & mlERE & IR — @B A AT L, JENRETIE, SUkH L —%—IZ Quantel
#l EverGreen 145 (J& & : 532nm) % H >, £/ % (Metrodyne Microsystem Corp. i MIS-2500-
015G) & 5 — # 1 7/ — (National Instruments $ NI 9205) (2 & » CJEH 1kHz TT — X Wik & 1T 77,
—77, ERERE T, Sk L —3—|Z Continum % Powerlite DLS 8000 (4 :1064nm) % V>,
EHE ) AT (BHERERTHR HyperVision HPV-2A) (T & - T 250,000fps (#8J6I#fH] : 2pus) THese
1To7,
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2.2 EBRERB L OE 5

ET, L= -0z 3N F -2 B ETERZTY, ENEROET Lz F—I1TONT
Bt Lz, ERTHEONIEAS L —F —= VX —E = 15mJ, 20m], 25m] OEFEOE I ERE %
FIEINFig2 127, [P TlE, Lb—Y =% LIERFERZ =0s & L7z, 246 DETJEIE
XV, EZ20mJ ICBWTHMNIENRN ERA L TCWDEZ ERXbNnD, —J, L, ZhbeT
DEMFIZBNT, ERBICITAFEROOLHELL TNV, IbDZ XY, E=15mJ T, L—
=l Lo TIPSO FEROBEV KR L2 ER RSN D, £/, E=20m] TiE, 7272
ROWATZT TiE7e <, RALDLDOTAEBNEL, EANREALIEEBEZBND,
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Fig2 L ——MREKEED T T ERE

T ROV T 7B K o TR ERY LIcBEig % Figd 17, AL —F—=x V¥ —E =
15mJ, 20mJ, 25m)J OZNZENDOLEIZIT 5 dus HIROWKF O T Th D, ZoLx, L—%—
FWITRKOLEM[ME D AR L=, F£7=2, Figld FORZNL, L—W —%2 WG L7zRF2 L =0s & L7
L ORZ T %, E = 15m] D4 (Fig.3a), L —H =60 H Al G AR 22 S & L,
Z D%, L—HF =D > TN EIET DR R b, KIZ, E = 20m)] O34 (Fig.3b)
(21, L=V —F B LZEZIZE = 15m] OBA L RIS L— =0 H 0{ll)s 5k 30 &
L7zis, L—HF—OHEIZih> CERENERT 20 Tide <, HOMnsEE H LRAEIEYS
LR RBIE I N, S DI, E=25m] o84 (Figde), E = 20m] %4 L 2< [EkIZ, o
BN SMEEH LR AIET 2Bl ST, ENWNEORREEZEET S L, BHRGBAOD
JENIDN ERTHEM4THE, b——ROH IO E M LZERSIEE L TR D Z &b,
ZOZENL, WEHOLV—F—HOHNITT LA 7 XDy, b LI E DT A4 T T
WHZERHERISND, 722 L, MOFEROBAORTBROND Z 0D, AT SR
LOLEZLND,
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Fig3d U—¥—MEREOEHOKT (v K77 7ik)

3. FLOESBOREY

HAN % 1 i&HEHER] SHP163 O L — W — il K O FEBLATREMEZ M55 Z LA B E L, mk3E
B FEi L, EAMEBINY Yy R 7T 7RI EEERE 21T 12, TOME, AfL—
P—Z RV F— E = 20mJ PL EIZBWT, BN ESAPHER I, RALPOT AN ELTZZ &
BRI ST, 72, ¥ U I 7BICK2@EEREIC XY, L—F—toHnflicisnt
TVLAIEZTH LIIH AMERAE LT TND Z EAURE S LT,

SVE, IREFHST A58, L— P —RIN= R F—DRER EEITV, BRKEMITONT
ERANZEFHE 2 & 1T, EBLRTREMEIZ DWW TRl L 720,
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