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ABSTRACT

Korea Space Launch Vehicle (KSLV)-I flight test data and the modified 1-dimensional steady
state modeling data from the critical design results of the KSLV-II liquid oxygen filling system
operation are compared to validate the reliability of critical design modeling. A comparison of
major flow rates and pressure values between test data and calculation results are conducted. The
relative errors relative to maximum total flow rate for each cooling, filling, and replenishment
mode are determined within 6.7%. Calculated pressure values at the outlet of the pump and the
inlet of flow control valves are within 5.1%. The pressure at the inlet of the launch vehicle for
each operation mode are within the measured pressure range.
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Fig. 1 Schematic diagram of liquid oxygen filling system for 1-D modeling of TLV and KSLV-I.
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Table 1. Major parameters of modeling of LOX filling system for KSLV-I flight test validation.

Fluid

Fluid Liquid Oxygen, LOX
Compressibility Incompressible fluid
Reference Temperature, C (K) -183 (90)
Reference Density, kg/m3 1141
Vapor Pressure, bar 0.0296
Dynamic Viscosity, N-s/m2 1.64e-4

Pipe&Bend
Pipe Schedule 10S
Absolute Roughness, mm 0.1
Flexible Pipes 4 times length to general pipe modeling
Bending Radius/pipe diameter 1.5

Pressure Loss

Pipes Colebrook-White relation
Valves Referred as Eqn. (5) and (6)
Flow meter, Filter, and HX, bar @MAX flow rate for 0.5
pump
Pressure loss in KSLV-I, bar @MAX flow rate for 5.5
KSLV-I
Pump Performance
Rated Head, m 81
Rated speed, rpm 3500
Rated Flow Rate, L/min 2333.3
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Fig. 2 Performance curves of the LOX supply pump
in the launch complex comparison of
autonomous test results and the performance
curves, certified by Cryo Industiries Korea.
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Table 2. LOX filling operation with percentage of duration, flow rates, and pressures in KSLV-I FT #1.

Duration | Fl63 | FI30 | Fl61 | Fl62 | FIs0 | Fis1 | P132 | PIs0 | Pl60
Filling Mode - (ratio of the total duration and
- MPa, g
the maximum flow rate)
small flow rate 1 5.7 * 78.5 0 0 0 0 *
op | small flow rate 2 95 * 785 | 59 | 0 0 o |12 | 127 | §%7
cooling | all flow rate 3 95 56 |785| 58 | 0 0 0 | 12 | 127 | 39
large flow rate 19.1 24 | 778 |57 [208| 0o | o | 118|127 | 9%
oT 100~ 0.55~
filling large flow rate 53.3 93 8+ 0.7 4.2 0 9.7 0.8 119 | 1.24 0,62
oT
repleni- | large flow rate 29 125 [ 799 | 0 0 | 128 | 11 | 119 | 122 | 029
shment

*Fluctuated **Linearly increased or decreased
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Table 3. Valve status for opening/closing conditions in cooling and filling modes.

Valve size Cooling Cooling Filling Replenishment

(ratio) with small flow 3 with large flow with Large flow with Large flow
KF61 25 O (e] O X
KF62 50 X X O X
KF63 62.5 X (e] X X
KF64 100 X X O X
KF87 50 X X O (e]
KF88 12.5 X X O (e]
PV33 62.5 O O X (e]
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Table 4. Comparison of flow rate and pressure between flight test and calculation results.

FI63 FI30 Fl61 Fl62 FI80 FI81 PI32 PI50 PI60
Test‘ Cal. | Test| Cal. | Test| Cal. | Test| Cal. | Test| Cal. Test‘ Cal. Test‘ Cal. | Test| Cal. | Test| Cal.
- (ratio of the maximum flow rate at filling with large flow rate) MPa.g
0.06
1) 56 | 76 | 785| 723 | 58 | 76 0 0.0 0 0 0 0 || 122 | 124| 127 | 128| ~ | 0120
013
0.09
2) 264 | 264 | 778 | 723 | 57 | 75 | 208| 189 | 0 0 0 0 || 118 | 124 | 127 | 128 | ~ | 0140
0.18
055
3) 100 | 106.7 | 0.7 0 42 5.8 0 0 72 4.6 08 1.0 119 | 124 | 124 | 127 ~ 0.580
0.62
4) 125 | 93 | 80 | 724| 0 0 0 0 93 | 93 | 11 | 13 | 119 | 124 | 122 | 128 | 029 | 0120

1) cooling with small flow rate 3; 2) cooling with large flow rate; 3) filling with large flow rate; 4) replenishment with large flow rate
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