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Steady-state Thrust Characteristics of Hydrazine Thruster
for Attitude Control of Space Launch Vehicles

Jong Hyun Kim* - Hun Jung** - Jeong Soo Kim***'

ABSTRACT

An ambient hot-firing test was carried out for the hydrazine thruster which may be employed in
the space launch vehicles. The thruster is designed to produce 67 N (15 Ibf) of nominal steady-state
thrust at an inlet pressure of 241 MPa (350 psia). A scrutiny into the performance characteristics of
thruster is made in terms of thrust, propellant supply pressure, mass flow rate, chamber pressure, and
temperature at the steady-state firing mode. As a result, it is ensured that the practical performance

efficiencies are above 89.1% compared to its ideal requirements.
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Key Words: Space Launch Vehicle(--F"#A}F4), Attitude Control System(A}A| ] o] A]2~8l), Hydrazine
Thruster(sto] =2} 52 7]), Thrust Measurement Rig(F%Z7d74%]), Ambient Hot-

firing Test(A’d<A4A13), Steady-state Firing Mode(8 3748l AALREE)

Nomenclature AFT : ambient hot-firing test
A, : nozzle exit area
H4Y 2012 10. 10, FE$EY 2012, 11. 15, AMSAY 2012 11. 22 A, : nozzle throat area
" e, OEHSLE kel el x5l ot EPW : electric pulse width

* A3, FAUEa ekl oA A 28] F 8t
wokk %’/‘L]i]'od, BAYEw 7)AZET} FS : full scale
t W21 A}, E-mail: jeongkim@pknu.ac.kr FSIG : firing signal
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Fy., : theoretical thrust
F, : vacuum thrust
HAN : hydroxyl ammonium nitrate

HEA : head-end assembly

L, : specific impulse

rfzf : propellant mass flow rate
P, : lower chamber pressure
P, : upper chamber pressure
P, : nozzle exit pressure

mj  propellant injection pressure
PMF : pulse mode firing

SSF  : steady-state firing mode

T, : nozzle exit temperature
TCA : thrust chamber assembly
TEM : test and evaluation model

TMR : thrust measurement rig

:rLE]““] ol F A o]gfol] Bz FIIA2E ]

FeAs dFAY FRgA e Aers %

A Ao s de AMEHE FH7E AT
A F =, 8] (specific impulse), 2= (pulse)

s L
s3e A5 Aol Husiolol sul, A4,
A4 Fol FrhHoz meHolof Bk $F
A AAACE #8710 A8F 5 9lE
AE 2 sk Felel mek W17 (cold gas),

¥ F= %Al (monopropellant), o] 1A

o o e e o
>,
B0
w

(bipropellant) T2 2 oj¥ .
Table 12 3}3t2 F¥7] A|2Hle E4&
Bt WriAle & AlzHe] HlEo H[F

o] mj§ Yow FHZXA(throttling)e] E7}53h

oW, BYRA R oldEAA Azde
NFEYgEo] SHAUAE WHAE, Bavs
A5 9 FHzgo] Folsirke Fol Ut
2 F, GAAAFAA Sel=gR FH e
S48 A% B0z 2ste 30,0007 ]l
o ZugA ] Hx/AMA]EoR FgEo] 1
dFsAsHR Awst ASHAGML ol
uel, & AFEE F T stel=gd ¢

719l AALLo wiElste], 45 Nu F¥7]
(MRE-STD-1) ¥ 1 QRFo] 4FH717]&ol
gk A oyt 10~1,000 N e 9
7] ool g AA V& = Fol ATH5-17].

B =2dAe 5 Hlsﬂxﬂ A A )& F5 7]
A ="S 7hgs] AAsta, 70 Ng dtol=83
(hydrazine, NoHi) F¥7]¢ AZALAH
(Ambient Hot-Firing Test, AFT) Z3-E
=3

7€

2. RMMI0IE F297| AlAE

21 W7\ 37) AR
714 A2 (GNy), 7148

4

3 F(GHe), :LE] =T
S FAAZ AHgskE WA 587 Al

< e FxE st NEEZE Agsia
A =7F zom HEEkg wf7ld 9% o9

l

Table 1. Characteristics of chemical space propulsion system[2]

Classification Cold gas Monopropellant Bipropellant

Specific impulse (s) 50 225 290
Thrust range (N) 0.05 - 0.1 0.5 - 2,000 > 1,500
Impulse range (N-s) < 10* 10* - 10° 10° - 10°
Min. impulse bit (N-s) 0.001 0.01 0.1
Complexity Least Midrange Most
Spacecraft contamination N N Y
Restart Y Y Y
Pulsing Y Y Y
Throttling N Y Y




50 d3d

o] Atte AL wEge® 1950~60dW 2
Az"e]  BZ7)F(minor maneuver: flight
trajectory adjustment)©]} ¥H28 A o] (reaction
control) AlZ=®¥loZ & HIJT AT, wlg
wo nEgd 7)A3ts WA 2349 e
g AAFH =L gE2 F:AA AFHZY] =]
9} Wk (proof pressure)ol] LTFEH+= FIA
wAA e FAE SHor IR A
et ol G we de Sl 7
o, $FHIAA FHAAZH L AAFA F

ANadog F4£3] A=A g1].

—

1% ro
ok of

22 o) 9FAIA F7] Al

durHow olgFAA ZAANL AA 4
o A} ARE FAAZ A8, F84
FANZY FoIA A we WFY B Fy
oJ9FA 2AN
A A A4 FRAS FHE F Ao 7=
2 AR A
sgo] ol91% A FE71E 483 4 Ak o
v, Azde] zhe FEE B4 el 7]

71E/hdo]l oHues @S Zet

il
p-)
o
Y
Y
ot
N
N
N
N
of

ol
ok
X
i
(d

23 T F57] AR

GAFAA FH7] ALFL o]dFAA AL
ol Hlg) wFg Aol 15-35% 7HF wUle
sy, 1 FE7F AR st FEald
=7F w3, V1EH - BAH R 27 dAgUiEol
Fdsittes o] vk dEAQ GAFIAR
= stel=Ekzl, #HArs44,  HAN(hydroxyl
ammonium nitrate) 5°] JomM, FLEHZL T

=3 2o

231 DRAEEEA

FrrgtrEas A2z AAHES d5sko]
Ay 7] 9F 7] Zokell M tEAHQ] ddF

9

AZ ASHQS FAT GRERE FEG
UA 9ol 93 A4S SEA wwg
2 guz e A42 T4 YL AF

Mad s AHEE Fodlth Base

e H|5(129~163 s, @ 80~100% H.0,) 4

of Mr ook 2 XN N

232 slo|=2fT

stol=ebxl& HAbstgdaol Hlgte] FAC
Waeta AgAdel Holud T, FAIESEY,
stehA #aief HEA B AH™I ®FY AT,
Hluz AR YAE 7IA, 28 B2 sge
L ToE < A Mg wol AHEE A
= ddFAA ot} stol=gkl FH 7= oldF
A FH710] Blste] H|F o]elo] HF5A
o] ¥zt oW 77 N olg S nHiEgoR
e AFEE Ao dEedeld FAZ
AP FXA 2R B9 ofde, BAAS A
I3 A=FUAS fst] AL 35 AAA 7t
SFEHE A HF D(final stage)>

7]

A2 G HFTHA

HZole stel=gkzl Hoh WAe] via wiy)
AAEo] FEA9 HANOl i3t A7t 23
Folth. HANS HIF8 A5 (dA 200 s

of stol=etie WAG AAH ASAE A

iAo

AAE] HTE TEF SAAAFA F
H7)9] B¥AS5S Table 20 Yehdt) 3lo]l=
HAE FIAAR ARREE o] FHIIE 584
HANkgo] oste] e /uo] JtaE HAA]
A 2% =5 53 FHS de B9 A
o8, AErd FH79 HEAdeL 241 MPa

2
[e)

(350 psia)®] FIA FAGHAAM GG 3
59 67 N (15 Iby) °olth. FH7< =54, =
vjd] =84, AAE, FX 7 F(thermal barrier

tube) TOE ©]F o7



H162 He& 2012, 12.

SFLAN RMFOIZ stol=atal Byl HAMH £ 54 51

Table 2. Design specification of 70 N-class liquid—
monopropellant hydrazine thruster

Parameter Unit Spec.
F, N 67+5
1L, s 22548
A4, - 50
P, MPa (psia) 1.55 (225)
P, MPa (psia) 1.38 (200)
m; g/s 29.2
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