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Comparison of Results for Filling Operation of Liquid
Oxygen Filling System in KSLV-I Flight Test and Critical
Design Results in KSLV-II Launch Complex for Validation

Mansu Seo*' - Jae Jun Lee** - Il-gu Hong** - Sunil Kang*

ABSTRACT

In this paper, KSLV-I flight test data and critical design results of filling operation for liquid oxygen
filling system are compared to validate the reliability of the critical design modeling. Applying the
filling and operation conditions on the critical design modeling, comparison of major flow rates and

pressure values between test data and calculation results are conducted.
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Fig. 1 1-D modeling of liquid oxygen filling system
for 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 0.1 mm
Flexible Pipes 4 times length to general pipe modeling
Bending Radius/pipe diameter 1.5
Pressure Loss
Pressure loss in flow meter, filter, and
heat exchanger, bar 0.5
@MAX flow rate for pump
Pressure loss in KSLV-I, bar 55
@MAX flow rate for KSLV-I )

Pump Performance
Rated Head, m 81
Rated speed, rpm 3500
Rated Flow Rate, L/min 2333.3
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Table 2. LOX filling operation with percentage of duration and flow rates and pressure in KSLV-I in FT #1

D
t.ura F163 FI30 Fl61 Fl62 FI80 FI81 PI32 PI50 PI60
Filling Mode ton
% (percentage of the total duration and the maximum
MPa, g
flow rate
small flow
57 * 78.5 0 0 0 0 *
rate 1
small flow 0.05 to
9.5 * 78.5 59 0 0 0 1.22 1.27
Coolin rate 2 0.1**
& small flow 0.06 to
9.5 5.6 78.5 5.8 0 0 0 1.22 1.27
rate 3 0.13**
large flow .
. 19.1 26.4 77.8 5.7 20.8 0 0 1.18 1.27 0.09~0.18
rate
large flow 100~ 0.55 to
Filling 53.3 0.7 42 0 9.7 0.8 1.19 124
rate 93.8** 0.62**
Repleni | large flow
29 125 80.0 0 0 12.8 11 1.19 1.22 0.29
shment | rate
*Fluctuated
**Linearly increased or decreased
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#% IS 1000-1500 LPMo1u4, % oAg® o] gyl wd TRED. @ @n:
I FUAA AEA FH &8 Fo fEF 73 KF61, 62, 63, 642 F3Fx WHel KF87, 889
w3k 2500 LPM ©] ol'ol‘ji AL FRrol A HZEZx Wd, g3 PV33de FE FE Io
Aol AZeld v Jor REe 284  voldx W 4R Itk Table 3& 7
= SAoF gy =3, #A A WE BE A Rl WMBE i ZRE HAEh 71E
Adu] 2 A¥lE A7|RS Aeol==Z 2018\ 4 % W7 (Cooling with large flow rate)®ll 4]
42 AFE AFLAA TAD SPASAE KF61, KF63, L8]3l PV33L 71, Uz @
AR s FAL Aol Y55 AdPE e 4 AeEz 23 =es esde @
5y

yes 4% AY AR

test, FT) % 94} @712 AY

8 Al

24 28

= 12 HIPAY (Flight
=87t H

UG,

FT 1.1 (2009%¢ 8€ 20¥ Al@)e Ag ARE

A8 T Table 2=

SERL

FuA T8 &8 AFgE

(Filling mode)&

cooling),

Al BZF

Zr

2] %

L

L

ol

AFHA|

B3

jai
=

B FET

el

=4
3zt
4 (OT filling), 28] 4+3}
%% (OT replenishment)= /€t

A el

LS

T

A0 BA 4 MBS

o }n -{> [z rr 2 ofe
mln

otl, MEHozm ®HH
zoA H= nzE (Pump off) “FEfollAl A
P RS A VIStEH e R &

, B2 ¥

ahel Wzt

% W2+ (Cooling

with small flow rate)o] A]=Z+=
(Pump on) “FeiollA A

5
T

% 7}

Hz ZE

9AE AX

%, 4% W7 (Cooling with large flow rate)

7h APAT. Al2=E" Wzho] R AbskAl F
Z(Filling with large flow rate)o] AlZt=H, o]

W oY e

4 Wust AgEn

g who]u) 2 %Hﬂ EEELN
zay s 2E o4

Eall (Replemshment with large flow rate)2

Fdo] 24 20

2 AgHr

Table 20 A X<t #AAZ Z+

o]

vl_:j- :T:]J.L

3 AkshA|

(e}
T =9 &



Table 3. Valve status for opening/closing condition in cooling and filling mode

Cooling with small | Cooling with large Filling with Large | Replenishment with
flow rate 3 flow rate flow rate Large flow rate

KF61 0 0 0 X

KF62 X X 6} X

KF63 X 0 X X

KF64 X X 0 X

KF87 X X 0 0

KF88 X X 0 o

PV33 0 0 X ¢}
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Table 4. Comparison of flow rate and pressure between flight test and calculation results

Fl63 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.
0.06
1) 5.6 75| 785723 58| 75| 0 | 00 O | 00| O | 0.0 1.22| 1.24| 1.27| 1.28| ~ 0.06
0.13
2) | 264 | 254| 778|723 57| 72]208| 182 0 | 00| 0 | 0.0f 1.18| 1.24| 1.27| 1.28 ~O(')0198 0.17
100~ 0.5
3) . 69.1| 07| 00| 42| 38| 0 | 00| 97| 46| 08| 06| 119| 1.24| 1.24| 1.28| ~ 0.90
0.62
4) | 125 | 93 (800|723 0 | 00| O | 0.0 128| 93| 11| 13| 1.19| 1.24| 1.22| 1.28| 0.29 | 0.07
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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