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Transient Flow Behavior of Propellant with Actuation of Thrust
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Abstract

Satellite propulsion system is employed for orbit transfer, ombit correction, and attitude control. The
monopropellant feeding system in the low-earth-orbit satellite blowdowns fuel to the thrust chamber.
The thrust produced by the thruster depends on fuel amount flowed into the combustion chamber. If
the thruster valve be given on-off signal from on-board commander in the satellite, valve will be
opened or closed. When the thrusters fire fuel flows through opened thruster valve. Instantaneous
stoppage of flow in according to valve actuation produces transient pressure due to pressure wave.

This paper describes transient pressure predictions of the KOMPSAT2 propulsion system resulting
from latching valve and thrust control valve operations. The time-dependent set of the fluid mass and
momentum equations are calculated by Method of Characteristics (MOCQ).
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Table 1 Thruster Combination for 3-axis Control

Roll Pitch Yaw

+ (Primary) P1+P2 P2+P3 P2+P4

L - (Prmary) P3+P4 P1+P4 P1+P3
|+ (Redundant) R1+R2 R2+R3 R2+R4
- (Redundant) R3+R4 R1+R4 R1+R3

TR FaRdE Y AFd®E Maximum
Operating Pressure) 2 49]9] 98 F 5ol A9
GG A = Table 29 £ow, 214 2 £
Algpele] Eeld 5AA= Table 3 2 Table 49}
2,

Orifice
Primary Fuel Feeding System

Table 2 Maximum Operating Pressure of Major

Components and Pressure Drop

Major MOP (051 Pressure Drop (m)
Components P @Flow Rate (m’s)
Filter 600 3.520@6.81x10E-5
P

ressure 400 0
Transducer

Orifice >700 5.632@7.59x10E-6
Latching Valve 450 7.040@3.19x10E-5
Thruster Valve 600~ 14.080@ 1.94x10E-6

*

Maximum Non-Operaling Pressure

Table 3 Propellant Properties

Density (kg/m?)

.
Viscosity (Ns/m®)

Bulk Modulus (Pa)

1009

0.0009

4.18x10E+9

Table 4 Mechanical Properties of Propellant Line

Quter Tl;{ékness Elasticity | Roughness| Poisson
Diameter {m) {m) (Pa) (m) Ratio
i[ 0.00554 0.0004 |2.20x10E+11 30x10E+6 | 035 |
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Schematic of fuel feeding system in KOMPSAT2



FAA MR TR wE duFIAFY
W4 degrEREe sEE 49 gdad
Agow A% $EAUAY el wao
298 Qg FRASY Aoluns gy
ol #SFS A LFAUA tRiel 9

Ao

FEHETE mMEFS I
e e grh d5d Adyge ds
THEABW FarE A% 9 Vel IS
Z F Jdeng AAGANA Hd s At
FaNF9 38 A5UHA(Maximum Operating

wpol A9 F3r] drAdt HFEEIEo

LA GHsgAE  WAFHY
(Maximum Non-Operating Pressure) 2.2 A3} 3o}

primary thruster valve firing, tank pressure = 350 psi(BOL)
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Fig. 2 Maximum pressure with thruster valve closing
time.
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Fig. 3 Maximum pressure at each redundant
thruster.
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primary thruster firing, thruster valve closing time =1 msec
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Fig. 4 Maximum pressure with tank pressure.
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all primary thruster firing, tank pressure = 350 pst (BOL)
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Fig. 5 Maximum pressure with latching valve
closing time.
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Fig. 6 Maximum pressure at 3-axis control mode.
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