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Experimental Study on Improvement of Catalytic Ignition Characteristics of
Green Monopropellant by Additive Materials
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ABSTRACT

This report introduces the experimental study on improving the catalytic ignition characteristics of green
monopropellants for RCS thruster systems conducted at Nagaoka University of Technology. Our group focuses on
two candidates for green monopropellants: HAN (Hydroxyl ammonium nitrate)-based SHP163 propellants and
ADN (Ammonium dinitramide)-based AMU propellants. To improve the catalytic ignition characteristics of those
propellants, some additive materials are tested. Acetone was added to SHP163 to improve its atomization
characteristics, and hydrogen peroxide was added to AMUG631 to improve its combustion efficiency. The injection
test of acetone-adding SHP163 revealed how the ambient density and the saturation vapor pressure of the propellant
affect the breakup mechanism of propellant flow from the injector. The thruster combustion test of hydrogen
peroxide-adding AMUG631 revealed the influence of additive material on the combustion characteristics and
appropriate hydrogen peroxide additive ratio.
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mrERE R EME, K2 X TR N7 VU AR AR R R B IR OB I R 2B L E L 2o T D D K
W7 V—7"Tlx, M=V ¥ —¥HE TH % Hydroxyl Ammonium-nitrate (HAN : NH;OH"-NOs") %Al & L7- HAN Z—
WEHEREA], Ammonium Dinitramide (ADN : NH4"-N(NO2)2) % HAlL L7z AMU R —i&HEEAID 2 FifEICE B LIS 21T
STHEY, HAN R—IRHEHER & UCHAN, MEiET =T A, K, XX/ —1VD 4555025725 SHP163, ADN R—iK
HEHER & LC ADN, £/ A FILHEET »E=7 A (MMAN), JRFED 3 5305725 AMU RHEHEA] 2 4K 83— ik e Al
DO E LTS, 2 b OHEERIITE BT 2 AR TRFEED D SUSEPMENZ 2B TH 5 DH72 5T, HHES
ZIIUOE LIMREHE CHOENREZ AT 5. SHIIEIESR 2 V2R e/, JUOSHEDORE 1T A T 2 & BREERE O i
PEDORE L VIR ORI E H 725720, BlEmlR 0 OMEREEZRIET 2 Z LIXREECTH . 07w, BRI CILKEE
—IRHEHEAN A T A 2 IIEEOMEE, B¥EIC X D FEEFEROBEBICHE - TEY 49, b RIVUHERIZE XX 5121
FEo TR, HEHERIZ X U & LIEIRREIOBMBERFE 2 B ST 5 TIEE LR, A V=7 2% 5 AW BERRIE
DOIRAERIE b TS, L L, REE—IRHEERIGA & 2 2MEIXO TS RERE <, ABE OB %
W= RACICIZR A A H 5. HEERIEMHE TH D SHP163 & AMUG31 ZNENOREDOE KTV L O EH 1
RITRT. UL EOEREN ORI V—7"Tlix, HEERIOMRALEHED R EO o0 FiEE LT, IRIMOTINCER L
Jo. HEEANZHIZINZ 5 2 & T, W X DR O T4 O O ZE I & o THEERI OB LA E 2 S L,
AT A B PRIEE~OBAZIZIBN T LY BAF R HEER DM 245 2 2 & TSI eh3 2 SO E % ) B S 23 R Hifs
TEX 5. ZOKME, WA D BEERE O, MHEEOZEDER Lz &30 ORNR Z MR LRSS OGS FFEIC b 72
ST ONE I MIZONTIFERHEOATIETRIL E N2 W0 RN H 5728, ERIOFRICE > TINZHERT 505
BdHDH. RUR—KNTIE, SHPI3 IV EDTE M 2L, FEK TR L ONBRSGROMAMASE EFICL - T, M
JFEFPRIREE FICBIT 277 v oo 7 (BEE)IC L 2L 9% BrYE L7277 & kRN SHP163 DM FE, 7o
NG, FEEAR FIC K DR LARHE D 7= D12 AMU631 (iR LK FE K 2RI L 72356 OfMBRBEREERS L OVA T 2 X 5
HEDZELDOFHAE & B & LB LK F KT AMU631 Ofitfit 2 5 2 Z BBEFEBRD 2 DD EER & Z OfERIC OV THE
T 5.
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N>H4? SHP1634® AMU6318)
Viscosity u [Pa-s] 9.7 X107 0.010 0.024

2 7 & F v F M SHP163 BE § £ B

SHP163 OWEFHHEED =0, 7 & b 2RI L 7= SHP163 0O R/e 2 FPH A EREE FICH 1) 2853254 £ L 7-.
7 N CEIMOERIE, SHP163 1Zxt L TS E DR afZAKEOIRM A N2 5 Z & T, FEIRTIC L 2k ke
WWIMZ T, AT AXOMIEREETH 2 IKE~EZEFHEKIERE FICBW CHEERIA S ORI b KHE~OHEBERIC X 2R
AR RE L, HEREN DT Z > v L 2WRH L Y% RET 5720 Th 5. EFROMISNE S 1 K2, ER
SMEAE S 2 RITTRT.

B 1K 7 bW SHP163 M SR NS 23K Tk b U SHP163 MEs EBR FE i St — B
Reduing Valve i, 3
Hand Valve Propellant SHP163
- Fctmanmelc e (§ [Temocoupe Additive ratio 0,2, 5 (Acetone: wt %)
- T ngels) e Feed pressure 800, 720, 700 kPa
b + Propellant temperature 20°C
High-speed injector Ambient pressure Pa 101.3, 20, 7.5 kPa
(1_I]1J { Light source Nozzle orifice diameter ¢0.79 mm
Compressor e Injection time 1.0s
Liquid receiver Frame rate 20000 fps
s sl Injection amount 7.81 mL (Average)
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PRRALFFE DR T & LTI, B SNZRIEO S RE S 2 AWz, @l EREEGROMITIC L Vo nRE S
DEFMZR T 5 FHEEORAKE, @77 v 7 ORBOFIEETHh L ffAKIEL 19, @KIKH D) FHIR
BOFAGEIE CH D EEEIRAL 1D, O 3 DOEMEIIENEIE L-HEREE 2 KIOrRT. ZhbofRiy, FRERE
& TFICE> TR 7 Lo SHP163 DAELRE SITHEERIT DA % ) — VS D T 5 v v T DB F M L. +D
K, 7 b SHP163 Oy 3R SIIRATERE FCTIE7 & MR MEDIK TFIZ L > THIM R Lo b o X
DH 10 mm~15 mm BREH 25 —F T, MEFRESERERE TICEW TEBICHEK LI Lo SHP163 LIFFEDL L
RUVERZR LT, ZONREESHEKIE, DRA D =X LOELE T DRESHROBAETIEES LTIRBE
NTVD Mai=0.5 ORI WTRAELTWZZ 2D, 78 b EI SHP163 D43 A I = X KITBWTIE, HEOKT
WK O ) O B E NI 72 L O SHP163 IZHE_THNM L, ZONRA B =X LB OFELE X DR 2T
EEBZDND. ZOZ b, ERRTAT AL VAT APENET 2 BIE~BEEFFSRE TIZRBW TR 2SR EE A
T L EEEHEER OFHF DI DIZ, ZO X 5 &M T TOHERMIRO R, R L A B =X LD T XD FEI7R 5
HIRFgE & i 5 = L OBRBHAR LR o7,

i . % 4z . 0% el . 0%
® 2% . 2% ® 2y
404 % * 54 an % * 5% 40+ & ® 5%
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IR - ] 1
E 30 E { é 304
- 25 s % S
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H 3 |
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154 15 15
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P, (kPa) IR, M.,
O HHEHES—FAKE @ HRES—fafAKIEL @ HHRES—EHERRIL

FoX FEHKERNT & N WIN SHP163 ME 5 =i R
3. B B i K £ K &= M AMUG6 31 fib ¥ X 5 X & # & £ B

AMUG31 IZHEFE 60wt.% DR /K #E K Z 15wt.%3 L T8 25wt.%IRIN L 72 2 SfEIc W T, FTHEM AR L - EZ2/ N
TEER T 2 Z RBEEBR A £ L7z, RBRCHER L7tz o 2 2 25 3 RIS, MR BREt 258 3 RITRT.
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Propellant | . Items Conditions
_ =" Capillary AMUG631+ AMU631+
Injector || ’mm“"s port Propellant type 15wt.%H20;" 25wt.%H202"
W, [~ water water
T Propellant mass-flow rate ~ 5.50 g/s 4.50 g/s

Alumina honeycomb Catalyst 0.5wt.%Pt / AlO3 (Grain)

Shc‘:*:::j:r ‘ (Propellant preheating layer) Preheat layer material Alumina Honeycomb
o = “‘l“'-‘*‘lb“" Catalyst temperature 450 °C
| | Supplying pressure 1000 kPa(Absolute)
= S B Injection duration 0.5s
Swirling flow nozzle Nozzle diameter ¢ 3.7 mm
3 fift 2 5 2 & Atmosphere Vacuum (< 7 kPa)
Number of Tests 2 shots

2 5 2 Z RIERBR CHIS LIZBIET — 4 2% 4 MIORT. ZOHEET —# 2 BICHH Uz DR E X OYREEE )
FREE A 4 FIORT. WRDERITIHEEAISEHEA S 5 B ORIEE 25 B U7z IR0 FERIE & #5618 TR
L CTROTAET, BRBETERE DO FMIEIE & 72 5. PRIEE ) L F 8 I THEE RN BRAG ) D A& T E COBRBEE ) O LA F %0
SR CRR L CROTEET, ISEMOFTEFRE L 72 5. LU 2 S OHEEZREENT AN L CREESMEOFTTE + 5. F4
HMICERTD L, HEAEEZICBO T TR EMOBREMET L TS0 L, MEETHMOEREZEF LTS 2
EDRIMD . ZHUTTEVE THEEAIDS I PRSI, S Ko TRIEDMEES NI Z L 2R LTS, oY, i
FRAL K F AR DTN X O B b 2R L2 2 & T, #ERIN PAE 2 @R 2MICPENET Lz s #EllEnS. 2oz
W, TDIZ L OBRALZRET D2 LT EDAY v FBRH D LW TE 5. 8§ 4 RN L IRESHE LIREET ) - 5-
HWEIZERT S &, @BBILKFKRDOTIMEDN 15wt.%DEE DTS 25wt % DA, WIEH & HITEN TS Z &0
inodo. T2 L, ERMBIZHET TUIMEE & HICWELMBELEWIRBRTH 72, 0K 5 i I dH 508, HEEHR~
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0 1 2 '] s 0 1 2 3 '] s 0 1 2 1 s 0 1 2 4 s
lime (s) Time (s) lime (s) Time (s)
(a) Shot 1 (b) Shot 2 (a) Shot 1 (b) Shot 2
(A) AMU631+15wt.%H202-water (B) AMU631+25wt.%H202-water
Ha WET—H
HAR IR L OWRBEE ) LA
(A) AMU631+15wt.%H202-water (B) AMU631+25wt.%H202-water
Injection time  Impulse Combustion- Injection time  Impulse Combustion-
t efficiency pressure rise t efficiency pressure rise
n rate P.rate n rate P.rate

Shot 1 0.600 s 471 % 125.6 kPa/s Shot 1 0.496 s 43.5% 88.6 kPa/s

Shot 2 0.394 s 39.5% 151.3 kPa/s Shot 2 0.494 s 38.0 % 92.7 kPa/s

Average — 43.3 % 138.5 kPa/s Average — 40.8 % 90.7 kPa/s
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TN —IRHEER O SUSPEN LD 72D ORI X 2P0 LR EUGE O ERAIAFJE & LT, 7 & b il SHP163 DI
SEEER LR oK EAKIRIN AMU631 Ofilt 2 Z 2 2 PRIBEFEER D 2 DD FEEREZ I L=, 7 & ~ i SHP163 DOMESHE
BRZRBWTC, IINBOERIC L0 HEERORE 2 KT S5 2 & TRREFEBARERE TICB W ThIb 2 RE S 5
DT ENFEES NI, —H THERAKERE FICB W TIE, FER NICE o THORA T = X A5 D 5T D803
MUT=Z &C, WIS X 2 FREEEOK TICEK T 2[R OEE B UK T OB Z k< 20, SRBIIH S D
EWIORERAETRLE. XY, AB%ITEEFREKEE FICB W TIEA L2 RET 2 72O D FIEZHONWT, 7T vy
DB LEHERILOREON T BB L CLV A RFEEZRER L TN HETH L. mELAKFEARRIN AMU631
DOfiflE A Z A 2 PREEEBRIZ N T, WII ORI £ 0 R L 22135 2 & T, HEEFICEBIA Y T R5 AU v b
DD LN L. —FH T, SERIOFEMTIEEREAREICADBREEREIIR Do oo, S %ISR O KR
PR ST L VBRI E O E LK > TV FEFTH .
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