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Evaluation of Green Monopropellant Combustion Characteristics
by Heat Reaction Test

OMATSU Raiki’!, HANZAWA Keisuke"!, ITO Hisayoshi"!, KATSUMI Toshiyuki’' and KADOWAKI Satoshi"!

Abstract: Hydrazine has been used as a propellant in monopropellant thrusters for the spacecraft attitude control, but due to its high
toxicity, research on low-toxic monopropellants based on Ammonium Dinitramide (ADN) and Hydroxylammonium Nitrate (HAN) has
become active in recent years. Since these low-toxicity propellants contain oxidant components and have high combustion temperatures,
there is an urgent need to develop a catalyst and combustion control technologies with high thermal resistance. Therefore, we wondered
if the kick-off temperature could be controlled by using a catalyst. In this study, combustion tests of ADN-based low toxicity propellants
(from now on will be referred as AMU-based) were carried out to understand the basic combustion characteristics of the propellants using
a droplet heating and combustion tester. In the test, we designed and manufactured a droplet heating combustion test device, and worked
on the acquisition of combustion characteristics using a catalyst to confirm the reactivity of the propellant in each temperature range.
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Z TR 7 N — 7Tt ARFEHEER O X 7 A X ICH 2 QBHIC, ST AV F —HETH 5 AMU RHEER %2 H
TR & L, B A F > 7 Y BEHEER D B K - BABEREE O BURICEL Y FHA T ¥ 72[2]. AMU RHEEFITN 35
flE K DM FBD . 2D, S0 XD BEAEKICHEHL Th 3 0lET 3 MENEH o7, £z, AMU R
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HEAER & I A TN L 72 AMU HEERNIC T o il 2 RE L, o ORRMEL - MbEeAli % 1T 5 & & T AMU H#EERH
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2. WEME - MEEABR O kB X VRN

2.1 RBRYEMR

FEIEAL T & 2 DO T b i b HEESEERED E V> AMU RHEEA] & L T ADN : MMAN : JR#E=60:30:10 (wt.%, LA
T AMU 630) % #E L 72, BHEKOWER21ZEIC, HEF2SEHRELRMETh 2 b, T 2R FriErcE %
FCHERET 2 S RRIHREIFL LT, A2 =V BEBE L GREL, A X/ =% 20 wt% HIL 7= AMU631 %
FHELL 7o, ARBRICHE L 72 A % Tablel 1R 3

Tablel FABRICEER] L 7= #EEH

‘ AR =N i
HEEER 4 ADN MMAN PR3 X
W3 [wt.%] [Pa* s]
AMUG631 60 30 10 - 0.0709
AMUG631
+ 60 30 10 20 0.0136
AR ) =)
22 HEA%H
'. 4 /
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(a) FBREEIE D IIMEL (b) A
Fig.1 mmes - WAERERELIE o S48l

Fig.1 ICEABREEE O SMBlZ R . Figl(a) AT v L AR OFEHARIRTH Y, ZOHIC Figl(b) ICRT T3
= v L0 FIRIMEGE % 3%E L, R % ML 72, B IR o HEHEAR I E S (HEE A 35 X Ol 2 BLiE 3 5 <13 H)
X, EfE6mm, FX 1mm OAHEKRE L7z, RBROETIE, Figl(a) KR TEBMOMIICER T -BEE,LL, ©F
FH AT HMEALCTBRL 2, ARBRTIE K BAENZHTT A IRORE (SHERORE) 2L 72, i
FlOMERIZH 0.03 mL & L, ARBREEIIZES, WIHHE1% 101.3 kPa, #)HIIRE% 25 °C& L7-. #ABRIE &M
DF 3MFEML . Al iR (B 1.5-22.0mm) OESMER S I N7 Uy A2 ER L. $72, H&F
XUANTYYLRFTAIFICHEINA TV 2720, HBIRELTTAIFICOWTHRG L7, (REAOKEL)
7 LAMBED SR IC D BEH T 2 )L, il e 7U I FIROBMARZIZITHEL S TE 2 X570 I F ok (B
1.0-1.5mm) Zi#EE L7z, SHEERNICN LT, M2 A L wiGd, B8, <79y L, 7o 3 ot
4 32— OFRINE - WBEABE % 1T o 72, RBRSME% Z 2 Table 2 ISR T
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Table2 AMU HEER] B3~ 2 AR %2 F W 7= 0w n 2 - hbeitia st

HEXERA REES /kPa | fiEoREE (B
AMU631 100 L
1 1 TAIF (KRR
1 1 F4 ChEfk)
1 1 NZ VYL CRR)
AMU631+ £ & J — )L 20wt% 100 7l
1 1 TAIF CREIR)
1 1 F4 Chk)
1 1 RZ 0 LN CRER)

3. WEEME - MBERBRONRB L UER

3.1 JREEmE - REEABRORT

Rl Cld, 2TORMFICEOTHEREZE KIS L AEOADKIE HRAL) 2% =YD nTnd QBN
AR T EHRD O TR X iz, WERINEL - BRBEARR 1< 351 2 HEMER 0 40, BANELIC DR T % Fig.2 ISR 3. Fig2(a) &
AMUG31, Al (b) 1 AMU631+ A X/ =L 20wt% ZHMEAL L Z Db DT, b5 HMBIEMHEHL Thiw, 7,
FMRIT B W THER & 08 9 RG2S TERR & 172 [01%K % Table 3 I/

(a) MR %S K b)) HED B DK
(AMU631) (AMU631+ % &/ — N 20 wt.%)
Fig.2 imzl - Rgesbah o8kt

Table3 % ZefFic v THER ASHERE S 7= % (GlBR 3 [mlth)

AMU631
AMUG631 +
AR ) =120 wt%
fi SR 7 L 2 0
T3 FER 3 0
H 4 filiit 3 0
XTIV L il 3 0
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ICB T BN B R &S A3 IR OBIR 2R T
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Fig.4 AMU RH#EMERIC BT 2 I H B30 KEfE & PI935 B3 0 i o BfR

T ®IT, AMU631 ICBYd 2l EEIE (Fig.3(a), Fig.4) [CHFEHT 5. 7 I 7Bk, ASMEE X037 20 L filuit
RHEER & RIS L 72354, FE s EB 0 IZB X % 85 BTh i o ibh otz HAEMis XU T
v LR L 7255, T I RO 2 L R WA O EA VIR L KT 5 L, &K T 14 °C 12
JERT L T2 2 LSRR TR 7. AMU631 & &2l 3 2 &, o TR BERIIRE . 2070, il
23T I ) ERFERFICNEAT 2 & CRARENIH AT 2 2 LI X ) ~EDREIGET 3 £ TICHEARZELHM
L, fRMICe — 2 MENC BERKEH, 2F 0375 LR VIRISRS o2 TN S,

DEIC, AMUG31 IC A X/ — V7% 20wt.% WSIN L 7= HEERNICBE 3 2 IR (Fig.3(b), Fig.4) ICFEHT 5. 73
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FEK, HEMEE X T Oy AR L 285G, T I FERCAE A R L 2 WA L L TR D B
DIREDLERRKT 9 C BESL R eBbrolz. AR —VEERT AHEERCIZ, MIEZERL 25612,
TN FEROGE LB L TZb B2 REOKIIIHER I N e o7z, THIEA X 7 — A O KALIBEVC X o TG
BGOWEMET L, MBKEOETEAWMET Lz bR ans, A1 bd7z0 icHlHT 2#ER Iz L2
0042g THY, ZDIHBAX) —LDHERIF0.0069 g THoTz. XX —LOEFEED 1101 kikg TH 270, A
LiBEEB L% 75 TH2 LHERIND. ZOKUBARIIATBICE W CHEER 2 G2 720Ice — 2 b
FOGHHICHERAI N2 BRI L CTHEETERWETH 5.

Tz, A2 —AEERTIHER ORI TIE, AMUG631 ZXfR & L 72ilBRo R & i L <2 s B2t ) 2 S
D EFIEA 20~30 C FEK S, HRICOWTHER I N Ad o7z, TOFKE LTE, WE L7 HEER P Ic s
I3 AMU OHGESED L2 L ICX > TRABEMET L e Rt EZLNS.

DIEDZ &h b, AMU631 K L CNEMlE 2 32 2 & T b ERVIRER KR TE 2 2 L 8bh o7z, S
B L M 5 ST v L F RO G TIRASMBZEHN L 235681052 b Lt ) RE OB R R D KE -
2. L Lads, 22 —AEERTHHEERICOWTIE, MBEAEHLTHZb B2V IREORBICIZ oA
o7z,

4. BbbHIC

AMU FRAEMERNCRT U CHREMMEN - PABEABR % F20tE L 724550, MU AR T2 2 Lic X 0 rh EA D REEET X
HBIENTE, HBAEORBCORLBEREE-. £z, SEIORBIEE, 513, ASMEATE L2 RED
EIHICD > & BIRITH 2 L W2 5.

F 7z, RN AERE O & ZAIC, AMU631 OFRIIABIC A X 7 —VEFE L7z, A X7 —N% 20 wt.%iAIn L
72 AMU631 DIHINEL - BABERAER T 1X, AMU631 OfER L~ 15 °C REVZH ERVIREREL R bR Y, XX/ —
AE AMU O filt B3 iR B D 3R % AR IR X & B 1 % R 72, ARERMEHEER 2 o 72 il 2 5 2 & G I3 — Y i fil it
% 300°CREEEICFENT 20 A H 228, R LHONLLE EXVIREOMI o FREEICH L THah& <,
A7 AZERICEOTREEMELEEZONS.

Sz, ThOORREZEE 2, BEHEMEEEKFEDO b L — FA 7o Tl - Bt 3 X<, KA i
WA EHT 5 AMU HEERNICHR LTz B8 0 IREOEIICH R 2 RS M oM E 25T 2 TETH 3.
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