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ABSTRACT

To lunch the Korea Space Launch Vehicle-II(KSLV-1II), a second launch complex will be built at the
Naro Space Center, and a Kerosene Filling System (KFS) will be installed. KFS of KSLV-II launch
complex system is being designed based on Naro Launch Complex. But this must supply fuel to fuel
tanks of the vehicle with only a supply pump because KSLV-II is a 3-stage launch vehicle unlike
Naro Launch Vehicle or Test Launch Vehicle (TLV). A sudden rise of pump output pressure is
recognized during fuel filling scenario selection process. This occurs because return flow can not
actively deal with much flow change using the orifice-type flow-control method. To solve this
problem, it is verified that fuel can be stably supplied by installing an accumulator, designed for
appropriate adjustment of filling-mode change sequence via flow analysis of various cases.
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Fig. 1 Kerosene filling system.
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Table 1. Kerosene quality specification of NARO

vehicle.
Value
Water content, ppm Max. 30
Particulate matter, mg/L Max. 1
Dissolved nitrogen content, g/L Max. 0.18
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Table 2. Pressure variation with valve state (Case A).
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Time <s>

Initial result of pump output pressure.

Return Line 1% Line 2" Line 3 Line Pump
A B High Low High Low High Low out
Valve (e} O C (e} C O C (e}
1 Normal
Pressure 0.418 0.220 0.081 0.668
Valve O O C O C O O O
2 Normal
Pressure 0.405 0.208 0.024 0.024 0.655
Valve (e} O C (e} C O O C
3 Normal
Pressure 0.406 0.209 0.032 0.656
Valve (e} O C (e} (e] O O C
4 Normal
Pressure 0.355 0.083 0.083 0.009 0.603
Valve C O C (e} C O O C
5 Abnormal
Pressure 2.352 15.899 0.909 2.686
Valve C O C (e} (e] O O C
6 Abnormal
Pressure 1.481 0.699 0.702 0.515 1.779

O: open, C: close

Pressure: The ratio of the pressure at each point to the pump maximum discharge pressure
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A% FEF W3kl tstr] HAstd "t o wEA 2x fFEdCAE FEF =4l
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/4% e 9 gege] B fH &4 TR W3 @ AU e HAS Foto &
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Table 3. Pressure variation with valve state (Case B).
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Return Line 1* Line 2" Line 3 Line Pump
A C High Low High Low High Low out
Valve (@] C C (@] C (@] C O
1 Normal
Pressure 0.638 0.441 0.302 0.888
Valve (@) C C O C O O O
2 Normal
Pressure 0.596 0.398 0.104 0.105 0.845
Valve (e} C C (e} (e} O O O
3 Normal
Pressure 0.491 0.174 0.174 0.061 0.062 0.737
Valve (e] O C (e] (e) O O O
4 Normal
Pressure 0.488 0.172 0.173 0.060 0.060 0.733
Valve o O (e] (e] (e] O O O grd
5 blowback
Pressure 0.051 0.055 0.055 0.038 0.034 0.537

O: open, C: close

Pressure: The ratio of the pressure at each point to the pump maximum discharge pressure
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Table 4. Design flow and scenario for analysis.
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Initial low flow: 3 minutes

scenario High flow: 99.3 %
(full charge volume)
1st Stage
Case 1 High/low flow 875/ %0
2nd Stage
High/low flow 875/ 136
3rd Stage
High/low flow 188/ 403
scenario Initial low flow: 3 minutes
High flow: 9 %
18t Stage | 475
High/low flow
Case 2 od St
nd Stage
High/low flow 5/ 1376
3rd Stage
High/low flow 188 / 408
scenario Initial low flow: 3 minutes
High flow: 94 %
IstStage | g g
High/low flow
Case 3 ord St
nd Stage
High/low flow 5/ 1376
3rd Stage
High/low flow 188 / 408
Initial low flow: 3 minutes
scerario High flow:
98.3% (1st stage)
99.3% (2™ 3¢ stage)
1st Stage
Case 4 | Highlow flow 875/ %0
2nd Stage
High/low flow 875/ 136
3rd Stage
High/low flow 188 / 403
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Fig. 3 Pressure variation with time (case 1).
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Fig. 4 Pressure variation with time (case 2).
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Fig. 5 Pressure variation with time (case 3).
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Fig. 6 Pressure variation with time (case 4).

ToE T FTERYE
AF7HA e Ads T

e AdAH 2 4 F

Pty

2 o

o

o

N

¥

0
T

A=A R TR (-7
(AT W [ )

>

Ac)
o
N
i
[o
ol
ol
£
lo
b
o
o
il
rio
oh
rr
a i
X

ox
o X
o
oxl
o
2
o
b
ofj
[
o
L
olf
ol
o
ot 7

M



140 oiglM - OlFE - SHNIE - MY st=2zlZsls|X|

4.4 B Hslo] dis] $FHCE YAS & e e
Ao Aol HE A EEHooF gt}
fresldds &8l 7 o] AfFFdA o
FHARERE AZHE A Pz ESHEY References
4% 7 9 9/ TS F e As g
QA3AT}. ol 1A accumulator A X9} ® 1. Yeo I, Lee J, An J. and Kang S,
H A3 ¢AE £AFoE JMAHFo=EZH A “Analysis on the Filling Mode of Kerosene
< F A} Filling System on Launch Complex of Test

TS FFA AFFoR FHAREYE AS) Launch Vehicle,” KSPE Fall Conference,
HAY FHe] guFHe Al ZF g ti/& Jungsun, Korea, pp. 846-853, Dec. 2016.
S WY A eAd g BZ EE9E o) 2. Kang S. Oh H. and Kim D., “Basic Design
F48H deste AS FAstAh o] HA of Fuel Ground Support Equipment for
Case 49} Zo] 283~ Alo]x ZXAF =4 A KSLV-II Launch Complex,” KSPE Spring
Ugle HAe 53 de=E 4 9o fFxd Conference, Jeju, Korea, pp. 396-404, May
HE 9 gyl WE A eAE ARSHA 2014.

HE 2 48 e gjlo]l SHo] AdHeE o 3. Lee J., Park S, Nam K., Kang S, Oh H.
gH+ A& sk and Jung E. S, “Analysis on the Filling

SHA R AA &8 Fol AF&o] ofg9A uEA Mode of Propellant Supply System for the

223 34-20—-19 A2 gFFE, AT Korea Space Launch Vehicle,” KSPE Fall
gzog ZARET} AZJHE A$o P Conference, Jeju, Korea, pp. 485-491, Nov.
o FHARE HEo| H97A AT Aol= 8 2015.
B2 ME «=A7F 90719 A9 4 dAE 4. Yeo I, Kang S.,, An J., Lee J. and Seo T,
T A7 WEe Tes AN Qu AAE st “Critical Design of Kerosene Filling System
= AL 433 Adsiy A A we for KSLV-II Launch Complex,” Journal of
A FHRA £9% FHARE 9@ FEFELEZ Society of Propulsion Engineers, Vol. 21, No.
3 k3 SRl "astw FAd FF 3, pp. 76-83, Nov. 2017.





