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Development of High Thrust H>O, Monopropellant
Thruster for Reaction Control System of Space Launch
Vehicles

Sungyong An* Jonghak Kim** - Hoseung Yoon** Sejin Kwon***"

ABSTRACT

Design and performance evaluation of H,O, monopropellant thrusters to be used at reaction control
of space launch vehicles were presented in this paper. Design thrust level was determined as 100, 250
Newton which is nominal thrust level for commercial space launch vehicles. Qualification thruster
models including solenoid valves were developed after the reactor design were evaluated at

engineering thruster models. Each thruster was evaluated by measurement of characteristic velocity,

thrust, specific impulse, and pulse response times at sea level test condition.
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Table 1. Use of thrusters at various space launch vehicles [1-3]
HEALA] 1< 2% 3 4%
Vangard 32 N (P, Y), 38 N(R)
Scout 227 kegf (P)Y), 18 kgf (R), H:O, 1.3, 24 kgf, HO;
Pegasus GN: (R) 45 1Ibf
Taurus GN: (R) GN
M-V 2.3 kgf, NoHy
LM-2C/SD N,H,4
Delta-I1 1.6 kgf, GN»
H-II 1.8, 5 kgf, NoH,
AtlasIIA NoH,
ArianV 400 N, NoHy (R, P)
VEGA 200 N, N2Hy
Soyuz 50 N, NoH,
Proton 13.3, 3922 N
KSR-IIT GN2 (R)
KSLV-I 22N(P)Y), 44~88N(R) GN
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e &R A7d =

717F AR gt stel=23 A & o FRA FEE 90 %E 3§
FRAQ Fsgie sfol=gke] HlE) < 100, 250 N< ¥ &+ A= FE7IE AHsATh
20 ~ 30 % HIFHo] Wrl= AR Wris F FAA FH FHe 5AEE ¢ HFY E4S
g7] Wale] HEME 3 A & uFHES 10 % = st 2AFstAom, FI4 7
AT, 4-5]. H3, FAA 2A 2 YA EA FEe grbFd A& stel=gtd FH7]e] &
B A AHA SAS AYER FFe] &0 & 2718 1938ty 30 bar2 HAF3AT. F9
stth4-5]. A 23 Al AAEE 7o gd 717} blow-down RE® ZFEHW A7t whz}
s wus BY #iseas sol=eg FHo] AasA H 22 blow-downo] ofd
e vlg) gonz FE€7] Aqd 448 L pressure-regulated =2 FFYHS A
B W8 SelA B AFEE AAE A= FANAFE Aoz 39 ¥e7)e EAEE
A ES Utk old 5402 <l Hidsira BES HAE 90 % oS HEE ST HE,
g FAAR A9 A9 AdHer drtd JAE], ZujtfolAe] e FstE et F
Aulgow uFy FHI|E Mdees Aol 7t Wl E S AN FH2 18 barZ HA
sotth #8719 deol FHel AeEHe 54 StRATh AAA o] Al 2" ol X ALg-Ste F2 7] €]
S 7k HFHe U3E 5A4S Bole AT T+ AF REv ¥4 HEoEE HXa SHER
Aate gy S wFgo) @ wizgsieg = 71Ed AHEEA e A8 dtol=adl FY
st as AHREose 2 e IS A 719l ARZAME B ol F3he AU &
o7 ppeEth old BHAA B ), stoj=g} To2 AR dIdFA FEUe FHE
2 FE7)9 $FAdE BEstn Barsya FAAZE Fujeh whAA EEEA YT
G FAA FE7le Wrts FH7)9 stel=gt E THEI(Eq. 1) o] W AAEE JtxU =ES
A FE7)e Atz A -3 Hdeo] @ & 3l JtEEHEA FEHS domg FHujo] 9%
Atk ol Aoz s, Hitshri FYF3 o Wl-¢- Fasith & fdeAM= 7] FE &
A FE7] B8 A7E IHdAE & 9t &
W3 A A& o vl AHe-17]. H,0,(1) — H,0(g) + 0.50,(g) ey
13 7 =8 Table 2. Design requirements
2 =EdAs 48 WA A8 5 e 3 = Type 1 Type 2
Fatstra GdFAA FY719] AL HEE A5 100 N 250 N
stk @A dste F9718 A&saA st = A A H,O0» (90 wit%)
= DAL BeiAAY 7] a7z 2 ZEe g 66 g/s 165 g/s
AE o] ofyr=z d¥kHQl A8 dARA o Sperera 30 bar °©]U]
A AFEStE =29 428 13l 100, 250 N (pressure regulated mode)
& HAE F A 37 AAZLS 44 2 4 5% %0 % ol%
97} e AL A7 2= st :__* (12 C-936 m/q)
A gre 18 bar W €]
A7 2 1000 K ©]/
2 = (12T g TN L5 1022 K)
2. 7FA & e oy PAEE  Onsig. — 90 % Pc: ~ 100 ms
SHEE Off sig. > 10 % Pc: ~ 120 ms
21 FE7] a7z 44 *EA&EE g oHEY £485 10 % nEste] 23
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Fig. 4 EM thruster on thrust stand
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Fig. 5 Pressure and thrust time history of 250 N
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Table 3. Properties at nozzle sections (90% HO»)

(

} = 1 2 3 4
A/ A - 1 2.98 50
P, bar 18 9.89 1.00 0.02

[e)

T, K 1022 899 531 287

Mach no. 0 1.00 2.50 4.89

Cr - 0.702 1.369 1.741

Iy, s - 67 131 172
Lo i 1 2 3 % S( ég)]
g —
— = C*= 936 ms| ‘ .

Table 4. Test results of 250 N thruster at sea level
and performance estimation at vacuum

condition
A8 37 Sea level* Vacuum**
Ac/ A 2.98 50
EAEE(CY &8 9% % 9 %
Z4 HFY, Lpep 123 s 162 s
ol HIFE, Lpeo 131 s 172 s
Ip B (Ispexp/ Ispineo) 0.94 0.94
F 9 192 N 252 N

* ZA3k (sea level test)

** o] gk (vacuum condition)

20 B + Chamber pressure 10
l—> —— Valve signal
E 16 A /.,_—\/I}—'\ 18 ;
2 c >
o =
5 12f ™ 90% of P, 1% £
S g} {4 2
2 2
€
£ 47 1% of P 12
O L 170 c 10%
d of P, I~
0 . 0
0.1 0.2 0.3 0.4
Time [s]
Fig. 10 Definition of each pulse response time

Table 5. Response characteristics of commercial
hydrazine thrusters [18, 19] (unit : ms)

Company Thruster Thrust [N] A+B C

RAFAEL ACT-45 45 100 200
MR-103 019 - 112 150 -
MR-104 205 - 572 50 -
MR-106 8.9 - 26.7 200 -

Aerojet
MR-107 512 - 2579 200 -
MR-50 9.79 - 387 150 -
MR-111 044 - 534 150 -

A: ignition delay, valve on signal ~ 1 % of Pc
B: rising time, 1 % ~ 90 % of Pc
C: decay time, valve off signal ~ 10 % of Pc
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Fig. 11 Chamber pressure at pulse mode

Table 6. Pulse response characteristics [unit: ms]

R | A B C
Type 1 (100 N) 13 (1) 48 (1) 97 (1)
Type 2 (250 N) 22 (0) 55 (1) 113 (1)

A: ignition delay, B: rise time, C: decay time
(): Standard deviation

Table 7. Comparison with commercial NoH, thrusters

by T4 Z7] [em] P. A
- INl A% Zeo] [bar] [g]

ke ok

Type 1 100 41,47 164 18 425

MR-120 90 42 15 124 410

ek

Type 2 250 59,74 213 18 750

MR-107 257 6.6 218 21 885

Sl A 8-S e 100, 250 N F 159
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