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ABSTRACT

A ground hot-firing test was conducted to take out the optimal design configurations for the catalyst
bed of liquid-monopropellant hydrazine thruster which could be used for primary engine or attitude
control thruster of space vehicles. Performance characteristics with the variation of thrust-chamber
length are investigated in terms of thrust, specific impulse, chamber pressure, characteristic velocity,
and hydrazine decomposition rate. Additionally, the correlations between propellant-supply pressure
and performance parameters are given. As results, increase of catalyst-bed length leads to performance

degradation in this test condition, and also decreases propellant consumption efficiency with the

supply pressure variation.
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c : characteristic velocity
EPW : electrical pulse width
F, : vacuum thrust
L, : specific impulse

P, : propellant supply pressure

: calorie

. gas constant

s
Q

R

T, : stagnation temperature
Xnu3 @ ammonia dissociation rate
vy : specific heat ratio

m : mass flow rate of propellant
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Table 1. Design  specifications  of 70 N-class
liquid-rocket engine with 50:1 nozzle (@P;
= 241 MPa: design criterion).

Parameter | Unit Target Performance
F, N 6715
m g/s 29.2
L, S 225+8
Ac/ Ay - 50
X % 66+8

Propellant
Feed Tube

Chamber, Upper
Chamber, Lower

Thermal

Barrier Tube Nozzle

Chamber, Plenum
FM w/ 50:1 Nozzle

Y TEM w/ 10:1 Nozzle

Fig. 1 Configuration of 70 N-class liquid—
monopropellant hydrazine thruster.
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Fig. 2 70 N-class hydrazine thruster installed on
thrust measurement rig (TMR).
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Table 2. Test parameter variation for the performance
evaluation of development models.

Table 3. Product gas composition derived from the
temperature of each plenum chamber.

P 0.34, 0.69, 1.72, 241 MPa (<+5%)

Parameter | Case A | Case B | Case C |Average

EPW |20 s (No. of pulse: 1)

A: Standard model

Test
B: 12% longer length than Case A
case
C: 10% shorter length than Case A
25 Wl case A (std)
- Case B (+12%)
— ] case C(-10%)
g 20 N2H47/=o
N :
=
3 %
o
o
0 % 7 |

(1) Supply (2) Upper (3) Lower
Parts of Thruster

(4) Plenum

Fig. 3 Propellant  supply pressure and internal
pressure of each thruster component.

o
L=
o e

4
Ack
&
o
=)
lo
ul
N

g,

kO o W

(plenum chamber)9] <+
113 MPa A5-2 A5

o

=
o
(U
|'le"
=
=
2ol Mo ol —

o

T, [K]| 1,029 | 1,025 | 1,032 | 1,029
Xz [%]| 793 | 798 | 788 | 793
5 1322 | 1.324 | 1321 | 1322
NH; [%]| 1014 | 986 | 1038 | 10.13
N> [%]| 3164 | 3169 | 3160 | 3165
H, [%]| 5822 | 5845 | 5802 | 5823

o Fa=z, O AAE GHEze dwe
T54l % (firing signal, FSIG) TEAIHSZHH
5 s A7AY dHolHE 77 B - AN & H
o3 ZolH(Fig. 6b FX), FF 7IeH= A5
HEERE Td3 s 248 2t

=

92 F719) Asel Ao W

T2 RN - .

= T
Aol AYS E3 A= nf o=z [12], M
mdo g dES fd =AW WReE
£ A A

Xy = (1649 — 1) /782 @)
AL &, dEYol sgE, 1 Eq. 4
5[12]5 ©] &3 =& wSAANEY Ha Hg
v] 2 A4 7} Table 39| Y&}

7=114+023Xy; (Xyzm >0.3) 4)

3Ny Hy — 4(1 = Xyp ) NH + (142X ) N,
+6 Xy, +(3.35—1.84X ;) « 10°] (

g1
~

E NPude delso] BE WA 66%F

B8)n 1 Aol s AXE FAW FYA

dolo] maste Y =¥ BAHE=, Gun

Sojtho] et ol Fae Basel Az Hh

47 AFHPAN FQA FHARE 5

F8 AstgEe PGFe] 2 B9, sfol=eal
o)

= (¢}
# Ewanst BT 5 9o



oY
o
>
ro
y
I
>
OH
1o
Yo
i

< 4
d 1= S ]
Aol olstd sfol=eixle] AAWIZEE
He 51°C Welo|mg[13], F7A

F 42 FCVY L& 50°C ol3=
FrAEE Aol g sith. AZALAFA 9
A FJF 2D FCVe EFAFo] Fig. 49
AlF AL vk 229 ALAdFg JFsA de
AA FAH sHre == F97] A5 65 s
olF Huj 310°C olde=® F7istal 3t} 8HA
T FYET AR E FCVY AfoE BEE AY
Edo A 40°C wRkE frAlstal 1o =2 HEA
of Fx2 FAol I AHgsHA 2AH
o] ATHH, AFATFMH4]E FH E=AF
REdae] Jd3y 45 w3 FIE v ok
Fig. 50l XA F44E 241 MPaolA9] o]
2 A3 5445 (characteristic velocity, ")

N

e, S4&500 e

N K e

=]

* vV ’YRT

Gt VRIGr D e

(6)

7

c. =P

chamber

- A,)/m )

350 40

Case A:—o— FIT{Up) —®— F/T(Down) FCV  F/T:feed tube
Case B: —&— F/T(Up) —®— F/T(Down) Fcv o35
300 |- Case C: —A—F/T(Up) —A— F/T(Down) Fov P
e A
=)~ - Autoignition Temp.~ - == == - == - - - AT T 4 30
— 250 l ) /'7 /
5 P tE
: /
g /- j»s
© " / g %)
2 150 / R R
£ / e e
] 310
= 100 4 et
[ 5
50 fmmF/ashPoint"'v%/fﬂ
= / e B— 0
0 . . . . . . 5

0 10 20 30 40 50 60 70
Time [s]

Fig. 4 Thermal behavior on the feed tube and FCV.
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Fig. 6 Response characteristics of each development
model and their pressure diagrams.
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Fig. 8 Performance variation according to the
propellant supply pressure and catalyst bed
length.
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Table 4. Efficiency variance of specific impulse
according to the change in operating

pressure.

P; [MPa] | Case A Case B Case C
2.41* 152.3 s 148.6 s 154.2 s
1.72 -3.7% -2.9% -3.5%
0.69 -20.4% -20.6% -19.3%
0.34 -43.3% -53.1% -41.0%

*reference pressure, underline: worst case
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