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The Response Characteristics of the Hydrogen Peroxide
Monopropellant Thruster as Injector and Catalyst Grain
Size

Sungyong An* - Daejong Park* - Seungmi Chung* - Sejin Kwon**

ABSTRACT

The response characteristics of HxO, monopropellant thrusters at a pulse mode were presented in
this paper. A catalyst bed was fixed to MnO,/AlLO; to investigate the thruster design effect to
response time. Three different thrusters (50 N class) having different injectors, ullage volumes, catalyst
grain sizes, and reactor volumes were prepared to investigate the response characteristics. As a result,
the ignition delay, pressure rising and tail-off time of case 2-2 thruster with 16-20 mesh catalyst size
were 14, 108, 94 ms respectively, which were comparable to requirement of response time at

commercial hydrazine thrusters.

= %

g71e] SEAo tgk A4PA AFE FHsIATh S = EA4S wiAl
2 SHEAS A9RT] Y8 MnO,/ALO:S F g ngsth Al 7}

£ ol&st 1A W4, ullage volume, Zvff B 7], whg7] Fdo] & &
2 S5E SASAY &4 23 16-20 mesh 7] Z1)], shower head A EE A3 H-$ H3}R|
S SHEAIRES 747 14, 108, 94 msE FE spol=kdl FH7] SRl A 54

Key Words: Monopropellant(td5214]), Hydrogen Peroxide(#4tst=4r), Thruster(F2 71),

Catalyst(Z7), Manganese Oxide(4+38}%47t), Response Time(§EA11)

nﬁo
o
>
i

20083 89 229 HS ~ 2008 129 17¥ 4AArg =

* gAY, S Eried TSty

= N5, A geed Gty
A=A}, E-mail: trumpet@kaist.ac.kr

ot



20 OME - HE - IS0 - AAMZT L F I3 R
FE57], AFAE B EARA AFE RCS(Reaction A% AeZA FAgHAA A FHE LA
Control System)& TIFA & tddt @@= A17171 91 Aot F¥7|= 2 3 A&AE
At e} ZhadA 718 GdFAAZHA g A 2eg &8s, AAAe #9719 A¢ ¢
SHAT oF  IEeEiE stel=glE T BN d2AFes &FHE A9t Ui
Shell 405 SFuithe] AT A wlFHol wolth. webd FuEl =, o wker] ARo]A ol
20-30% =< stel=gpRlo g A AT HZ e e ddAd FH7) A4 4 2
@A FHo] RAHEA FAo] e &S Sl Ex $H 54 Fo A d
ol=gts Aty 9% FA #E ATt o FA WHe 545 ALATd, Hx
AP Jed 1¥E HAstFLeE FA ¥ TR 548 Fuie #4937 F¢7|9 A 54
g o], 54 A, FAAY 54 55 A¥E of o3 Ao E zg-grh ofo At T[]
u, FAge] g FRACIY, 2] A&¥F F T 7H B4 T vl 844 wE 548 &
JAE AHESHAl HA ditR F34 28 A HE7] 98] FH7E A & SHEA(P,
HI7b QFEA gol R & dAF4E e 3 Ir, MnO,)¢] Wste] @& & 54 A7
At Zhe R F87]) s Wsty 22 b =3 Dezhu Xu 52[7] 43 g 53
2R AFAdME THsst A H AT FAA B A AREHE 7t FE SHSE

SGAFAA FE7) AgelA A WHoR ofd FHujrt &H S4A FEA

= — eH ar
dede AV PR A, o
T4dE 7led dRE vl RE AA R
FEE AR =8e T FHA Urte Ao
2 geA ek

Zuf &2 7l dyeE F F7] AANA
= Fvf w7 AbeldE 7HE wA aEsfol
gk o WErle FIAE Eq 13 2ol #
AAA e 7taE AT WSS A
A A FAAE A8 ZATA R
AA FEe d F goh BdE J5d 272
AAsE, #9719 By} BAZL Frhste] At

Zv) W8] Alelge 9
AsaAE A3 gotdt ¥ Aoy FAE g
dafol stewl, ool A¥H WAL B3 ¢ 5
2[3-5] Fuj WH§-7] Aol =
AgHoz F

)
>
fr
&
Yy
ro
Ipy
=
Lo

oX,
i)
)
2,
r 2
b
re
-

2H,0, (1)— 2[{20(9) + 0, (g) + Heat 1)

A A8kt Hanjing Tian 5-2[8] MnO:el PbO
£ Frteted FE7] §948 S Histd,
M. K. El-Aiashy 5-2[9] MnO,°l Z

e v #Ado] FUHEES Btk Eg
Muhammad A. Hasan 5-2[10] Ni, Cu, Bi, Ce
59 FXA (promotor)E MnOyol| F713o 24
o] AgEHeE A=E B v Ao

AA7AA Zvjul=e] AM wHoz

SH 5A4S A= AT odFEA
Hol gt 2y dREE Ate SH AA
=gEo] AP =S F
718 ol gstA ¥R e Fxo

7]l wHEAIA AE = Tk

I

L N

= 4

4 i
o,

2

[e)

=2
lo
]
oX,
o
' =
P it
S o

ot
o X N gft o
2 2 ol B o oox b o1

ol
ol
> oorr
rr -
e
oo
M o
SLf
30 o
32 N
of
2
8]
[ (2
R
o =
<
L
R
N
0
1% ol

£ oft

A EAAA #5HEH, ol uf
A7 AHIE Fob2 gtk mepy
£ #2744 W5t B2 39

dFe w7 A% 4FL £

=
T
A2 S} AAAY Aok AA WA

i
e

oX,

=2
=z

2 4l ox Y o R o

£

% Ho 3B
oo

=
f
re
9,
by
rr
EU
e
Bl
™ g
2 X



oIME 24 o Jof ol I7(of W=

K137 A18 200, 2. aptsiex HOIRTN FE)lol gE S “
ol Qo] @7 Aol $AAA THAGYE  mm BY wEE AUE, hrol 2Y(swirl) 3
getstel olF a7k Al Aokt W@s A7k $Ho] Atk Shower head AAE S
A e FEA nBAAT e 9T WA o YR BRI ASHAL BALE)E T
37] 93l Fvle MnO/ALOs(34.9 wt%), 7 ABz =S Zuws A 18 BE
AL 90 with HOE 04N F EEAL Aol 2 29 Aag =9

A HE

2. Zv ©x
AAA=E HAH 1/8" =719 Alfa-AesarAl2]
255 m’/g WIEHAHL 7HAE 7w G2 2
P& ol g3t 1/87 7|2 a2 AT A

- HkE-Eo] kA g(diffusion resistance)e] 1
o] HY Yr=s FRHoz AL 4 ot o

B 1/87=7] 9ol 16-20 mesh(d7% 850 ~
1180 /m) Z7NE AAANZS 7}aste] Zmju=S
F7F A#stAthFig. 1). FAHEAE Egsta
A= A7A (precursor)v= AldrichA}<] 7Har

A
- I o
Sl &8

JEFE, AHgat T,

o) gAE G oA we AANE

ot o AFsdeh AAA dAY F,
ATA &S 24 ARl 2H FFAAT e
2 hF QB HAFE F 34 (calcination)dt ]
o} Hibshaeae) B kgl RAAHI AFS
"= Na'© o] &g A| A%, s 53

F7} s
2

Fig. 4914 #| A&
371% Table 114 H#3at

2xglo] A|ZEAte] A& Ay o
&3 thFig. 5). AHEE JAEH He

I

A7 1.2

55 AEe Fuj Alo]of
AAstAT. 87l A4 3 cm, Z°] 4 cmo]
M 23 wth Pt/ALO:E AHEE A9 50 N
(vacuum) FZA FFNA 98% SHEE &8
2 ASHAJA11]

Case 2-12 shower head A E Wao=z 2

300 m L H2E 1978 7F &3 THFig. 5).
zxzgo] AAEY 22 Fd3 EF=
SHA|RE Q1A E &} FHujw| = Apo]d
volume)o] & glof AAHoz #F FHS
7t e 9EE7] S Case 13 T dsttt
QUAE] A - ZolA 22 ASto] 7hsid o, 5

& FQA frFo]l REHES Eq 2014 Ca- A
*es Case 19 JAH S} FUT FS 7HAESH
2708k
m= C,AV2pAP )
g 3
A
N ¢ s
¢ *‘\" };]_A

ol

Fig. 1 Alumina pellet samples (1/8”, 16-20 mesh)

Fig. 2 MnOy/ALO; samples (1/8 7, 16-20 mesh)
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Fig. 4 Case 2-1 and Case 22 thruster

Table 1. Model thrusters

Injector type Reactor size

Thruster (Orifice number) [em]

Case 1 Spray (1) 3(d) x4
Case 2-1 Shower head (19) 3 (d) x 4 (1)
Case 2-2 Shower head (19) 3 (d) x 2 (1)

Fig. 5 Spray injector and shower head injector

Fig. 6 Pressure and temperature sensor position
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Fig. 8 One pulse (Case 2-2, 16-20 mesh)

Table 3. The response time of each test [ms]

Thruster Grain size A B D

Case 1 1/8" 32(4) 192(44) 325(23)
Case 2-1 1/8" 26(1) 119(13) 216(2)
Case 2-1 16-20 mesh 12(2) 114(1) 106(2)

Case 2-2 16-20 mesh 14(2) 108(5)  94(5)

A: ignition delay, valve open signal ~ 1% of Pc
B: rising time, 1 % ~ 90 % of Pc

D: tail-off time, valve off signal ~ 10 % of Pc
(): Standard deviation
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Table 4. Requirements of commercial hydrazine
thrusters [14, 15] (unit : ms)

Company Thruster = Thrust A B D
TRW MRE-1 1 1bf 80 - -
RAFAEL ACT-45 45 N 100 200

MR-103 0.19-1.12 N 150 -

MR-104 205-572 N 50 -

MR-106 8.9-26.7 N 200 -
Aerojet

MR-107 51.2-2579 N 200 -

MR-50 9.79-38.7 N 150 -

MR-111 0.44-5.34 N 150 -

A: ignition delay, valve open signal ~ 1% of Pc
B: rising time, 1 % ~ 90 % of Pc
D: tail-off time, valve off signal ~ 10 % of Pc

SFLFAA FE€UY $F SR vA&=

suH F T84S 1 21 Al B

2, Eul ¢7ge] =7l 2 Fv) ¥-g7] 7}
= s

A g7 Sxe G v

OO]:

rsL‘

s
24 e
T
jin
Lo
N
K
Ty
o

gt ullage volume F7}2

o| A= shower head <12 Ejol] H éﬂ
& UsdT FF JidEe A4
7]1%= shower head 1219 QAE7} A=
AR e WA fesich

B2 §9 4 2% F¥7] WFe ullage

_%_YEmEOl-HFEFH
EOFOrQEW o & Mt Ho

2

I8 oox off f2orr Wofo X[y &
N ;
rr
oM,
ofk
tlo

eV - L Y

u)

mlm o 1o py

oy

volume©] §H/d ol 2
g s, s
e 457 =3 ZF 3
vEbth e d7e] A7)
AN Qe 7] B
ZF Aol FAZHA
FTHOE Case 22 F
, 108(B), 94(D) msZ

ro

JLIEsS
N
o

o
(o3
o 2 —
5o
ol PR
B odo Jo b 3o
it b fU 2 doe

=2

97
£ o

nsz
>~
>
ot
4 gn (Ao

i O N L o
To,
oo
U

o *

ro

oo“

o 18 o e
N
s
oo

1_,
Jo o
o
o
o

I
bt
N

v
~

ms

ox

b o X

o O o rl fr v

r
e
-
rr
I
At
o,
=

-‘\'\r

i

‘2 o

4

B

)

z ®
X
QL
X

x
ng
h
=
fru
4 g1 o
o
>
o
g

o ol
H
:‘é .

X

fr o
=3

o

o

a0

]

oX,

o]

— |
N,

flo

2
olN

of ne

+
>

14
)
Ape
2
ol

v

A RNT A A DA 5 N
>
()

5
I
o N 4p
o
-

= ol
o
f
0
—?—4
i

g
x
L)
N
w rr
2,
e

ko

2

9

Mg

Lo

%

o moll

Mo =
hu £ T
o o X
O ;l;
™

i
to

o

e

@ A

o,

i %
oo o "
N L
[ @ ruﬁ, Olr

=
i3 —L oX,
o yg flo
Ao
L)

o
fl
H
o

)

1N
)
N
b

5

7

ok

771 % EFATNL
AKSLV-) At 23
W Ao ZAs gy

A

IS
o7 F

B A7e
EEEDRE
LELD

ik

b

A
]

1. M. Ventura, G. Garboden, “A Brief History

of Concentrated Hydrogen Peroxide Uses,”

35th  AIAA/ASME/SAE/ASEE  Joint
Propulsion Conference & Exhibit, AIAA
1999-2739

2. Y48td, A&, AAR, “ASAFAA 3



26 AME - HUE - Fs0 - AMZT StEFZIZEE R
AstEsre]l EA4% $8) FEF31Eed] Purdue University, 1999, pp.199-208
A= 3], 2006, pp.283-287 9. M. K. El-Aiashy, H. S. Mazhar, S. M.

3. &8, AAR, “AAFEY] FujH= F7] Kamal, “Solid-solid interaction between
24e A% 2FH W) dEFAE53 manganese carbonate and zinc carbonate

|

. A8, AR, “50 Newton &

LG, AAR, e WE AEs

2, A127, #1335, 2008, pp.24-33

=R
W= Abold,” #1308 B
5 FAYEYE,  Asth,
pp.145-148

2R
ol
o N

[e)
Zu

2008,

. Sungyong An, Sejin Kwon, “Catalyst Bed

Sizing of 50 Newton Hydrogen Peroxide

Monopropellant Thruster,” 44th AIAA/
ASME/SAE/ ASEE Joint Propulsion
Conference &  Exhibit, AIAA2008-5109,

Hartford, USA, 2008

S

Ao sael BASAH, FEAFGA,

129, #I53%, 2008, pp.26-34

. Dezhu Xu, Huanghe Yang, Xiunan Zhou,

Tao Li, Jing Cong and Tao Zhang, “An
investigation in the catalytic decomposition

of hydrogen peroxide for gas generation,”

5th  International =~ Hydrogen  Peroxide
Propulsion Conference, West Lafayette,
USA, 2002

. Hanjing Tian, Tao Zhang, Xiaoting Sun,

Dongbai and Liwu Lin, “A novel mixed
metal oxide catalyst for the decomposition
of hydrogen peroxide,” 2nd International

Hydrogen Peroxide Propulsion Conference,

10.

11.

12.

13.
14.

15.

and the decomposition of HxO, over mixed
zinc-manganese oxide catalysts,” Materials
Letters 24, 1995, pp.97-101

Muhammad A. Hasan, Mohamed 1. Zaki,
Lata Kamlesh
hydrogen peroxide

Pasupulety, Kumari,
the

decomposition activity of manganese oxide

“Promotion of

catalysts,”
181, 1999, pp.171-179

Applied Catalysis A: General

Sungyong An, Sejin Kwon, “Catalyst
Reactor Bed of Hydrogen Peroxide
Decomposition for Upper Stage Motion

Conference on
2008,

Control,” Asian Joint
Propulsion and Power
Korea, 2008

Massimo Morbidelli,

and Arvind Varma,

Gyeongju,

Asterios Gavriilidis,
Catalyst
Optimal Distribution of Catalyst in Pellets,

Design -

Reactors, and Membranes, Cambridge
University Press, 2001

AgAl, A2, Suihe, A4, e, 2002.
olitE, FHEE, ATd, 47149, ek
LFZAE olgFwm Fvie daAs 58 %
FU/NE A8, =583 A, A104, Al
3%, 2006, pp.109-117

http:/ /www.astronautix.com





