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ABSTRACT

Korean Space Launch Vehicle (KSLV-II) Propellant Supply System charges liquid oxygen and
kerosene to each propellant tank for the stages. To charge the launch vehicle propellant tank safety,
the propellant charge flow rates and scenarios should be defined. First, the Propellant Supply System
was modeled with 1D flow analysis program. The control valve capacity and orifice size were
calculated by performing the 1D steady state simulation. Second, the 1D transient simulation was
performed by using the steady state simulation results. As propellants were being charged at the each
tank, the increased tank liquid level decreases the charge flow rate. Consequently, the proposed supply
system satisfies the required design charging conditions.
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Fig. 1 Schematic diagram of liquid oxygen filling system.
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Fig. 2 Schematic diagram of kerosene filling system.
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Table 1. LOX tank specifications.

Tank Volume [%] Height [m]
1st Stage 100 (Ref.) 0 (Ref.)
2nd Stage 29 21.3
3rd Stage 6.6 32.8

Table 2. Flow rate calculation result with LOX filling

scenarios.
Small flow filling | Large flow filling
Mode
Flowrate [I/min]
1st 618.1 1450
2nd 180 422.3
3rd 40.8 95.8
Ao FHRRE wE FHFFFS Table 29 2
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Fig. 3 1D analysis model of LOX filling system.
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Q = Flow Rate of the working fluid (m®/h)
Table 3. Input conditions of LOX filling system. G = Specific gravity of the working fluid
Reference relative to water at 16C
Temp -183T Ap = Pressure drop (bar)
Reference 5
Density 1141 kg/m Steady state 3j43 T3l 2 FHAR=] wWE
LOX Vapor &z AWE 8 Table 40 UJERQT) A4
Pressure | o0 DA W fgzdune 8% g 3 we, 34
Dynamic 000016 Ne/ AZHE AHEste gAl "3 A BAS
Viscosity | »/m transient 3142 B3 E43Ach. Fig 4% 243}
Rated A FARE £33 A 19072 FFHE A3HA
81 o =
Head o frega 19 2skAl @A) $91[%]E Uehdct
Rated T3 Fig. 59 62 7247} 293 39 2ksiA] ®=A
LOX pump 3500 rpm ig. 5 - _ o
Speed 2 FFEHT A FEH Z4 4EA G2
Rated 140.0 m%/h ZI:‘CH[%]TE__‘ ‘A'H"THE}_
Flow Rate Transient 314 Az 19 4tslA] B=z9] FH
Table 4. K, Values for the flow control valves in LOX filling system.
KF 61 | KF 62 | KF 63 | KF 71 | KF 72 | KF 81 | KF 82 | PV 33 | Total
Flow Rate
) 618.1 0.0 0.0 180.0 0.0 40.8 0.0 1507.2 | 2346.1
[1/min]
Small | pressure
Flow | prop 41 82 82 63 6.7 53 55 6.3
Filling [bar]
K, [m*/h] 19.6 0.0 0.0 4.6 0.0 1.1 0.0 385
Flow Rate
) 618.1 416.0 | 416.0 | 180.0 | 2423 40.8 55.0 376.3 | 23444
[1/min]
Large
Pressure
Flow
. Drop 34 7.1 7.1 5.4 5.7 52 53 6.6
Filling
[bar]
K, [m’°/h] | 216 | 100 | 10.0 5.0 6.5 1.1 15 9.4
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3rd stage LOX storage tank.
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Table 5. Kerosene tank specifications.

Tank Volume [%] Height [m]
Ist Stage 100 (Ref.) 0 (Ref.)
2nd Stage 29 21.3
3rd Stage 7.8 32.8

Table 6. Flow rate calculation result with kerosene filling

scenarios.
Small flow filling | Large flow filling
Mode
Flowrate [l/min]
Ist 482.06 1068.08
2nd 140 310.19
3rd 37.86 83.88

Table 7. Input conditions of the kerosene filling system.

Reference 5
20C
Temp.
Reference 5
. 797 kg/m
Density
Kerosene
Vapor
0.02092 bar
Pressure
Dynamic )
; . 0.0017 Ns/m
Viscosity
Kerosene | Rated
1600 LPM
pump Flow Rate
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Fig. 7 1D analysis model of kerosene filling system.

P 2:T[;2m2|m2| ®3)
where:
P; = Pressure at inlet to orifice
P, = Pressure at outlet to orifice
K = Loss coefficient
m, = Mass flow rate at orifice outlet
p = Flow density
A = Pipe cross-sectional area
1D steady state 3j4S S Aol AAE
Table 89 YEFAT. o], Orifice®] W hole
21742 orifice7t AAE wiTe] iR WX
orifice hole®] W& H|Z ZTHH U}
Openarearatio = [ 5, } : 4)
DP
where:
D, = Orifice Hole Diameter [m]
D, = Pipe Inner Diameter [m]
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Table 8. Open area ratio for the orifices in kerosene filling system.
1st Stage 2nd Stage 3rd Stage Return
RO51 | RO54 | RO52 | RO55 | RO53 | RO56 | RO71 | RO72 | RO73 | Total
Flow Rate
. - 482.0 - 140 - 37.8 | 470.0 | 470.0 - 1600
[1/min]
Small
Pressure
Flow - 6.0 - 4.5 - 34 6.3 6.3 -
o Drop [bar]
Filling
Open area
. - 12.8 - 4.6 - 3.2 5.7 5.7 -
ratio [%]
FlowRate
. 1068 - 310.1 - 83.9 - - - 137.9 | 1600
[1/min]
Large
Pressure
Flow 5.9 - 41 - 3.1 - - - 6.2
o Drop [bar]
Filling
Open area
. 7.7 - 7.0 - 5.5 - - - 1.7
ratio [%]
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Fig. 8 Volumetric flowrate and liquid level profile for
1st stage kerosene storage tank.
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