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Analysis on the Filling Mode of Liquid Oxygen to the
Launch Vehicle Using Flowmaster

Soon-Young Park* - Ji-hoon Kim** - Pyung-Gu Park*** - Byung-Il Yu**

ABSTRACT

The process of charging an oxidizer in the liquid propellant rocket can divide into the cooling
of the oxidizer tank, the high flow charge, the small flow charge, and the replenishment charge
for the correction of temperature. The oxidizer of the Naro(KSLV-I) first stage uses the liquid
oxygen. And the flow rate and the temperature specification corresponding to each charge mode
are presented for the requirement. The flow throttling valve and heat exchanger are installed in
the oxidizer filling system in order to satisfy this kind of the flow rate and temperature
requirement specification. In this research, by using the Flowmaster which is a commercial
one-dimension thermo-fluidic analysis program, one dimensional flow system analyses was
performed to predict the exact flow rate at each specific mode. Also, the flow rate correction
sensitivity of the flow control valves was analytically determined to satisfy the flow condition

refinement at each mode within the limited certification test.

= =

[1

A=A AT FHE FPe AA WHA Bae) W, DHF FH, A4F FH, LE B
A% 9% 7 A0 thE 4 Ak HEEKSLV) 18] e o & 3

col sgalts 4% 9 £E apxdel AAHC] Tk oldd 4% ¥ £x :
Sl WAl FFA2HE FFEAE Bus dur)rh A=) vk 04%011*% 2
Q3 FRAFAN FUT A L AT 48 198 D55 A4 =

Lge] 14 fE A9 A4S A, e ATE AT AU Fojol EEOM?J #
F 2AL WA AT fRAolInEe] 4% 1Y UPES A4Hon Tt

Key Words: Liquid Rocket(AZ#), LOx(YA4FA), Liquid Oxygen Filling System(HH| 44 F7
Al 2=H)), Flowmaster(Z Z-$-7}2~H)

* AR FTEFATE WA A
GG eFATA FAVAAAY
wok FLFEFTOZ AT B K ZE]

A=A A}, E-mail: psy@kari.re kr

— 335 —



W& 5 (KSLV-I) 1¢ N A 2k 2 (liquid
oxygen)¢} 5 fr(kerosene) A2 AL&EE=
AA AN o] F YA AsA Y2 OTD

ke
<
=
=

"

of o

PRl do M o ol

ANE olgad AAIAT D oy F

W ooy RE AgFow FHL Ao

A F oA AR B Ay
e

)
e
il
—l N'
o
g
of 1~m
o{)lv —\|‘—‘
2 oy
g
IHL‘ ot
g i)
=
O T
> o X
N

e
o

F7} A g BE FARS

>,
B
Lo
)
o
off
tlo
ol
dot
2
AN
ok
A
2

rir IT% R

b rr

2
e
o2l
o
ol
)
Jo
o
o
=
s
gﬂ
N
527
A
S T

b,
12
El
e
N
fu
N
@
o
y
X
He
o
e .
_10
S
i >
o £ oG B o2 P X T oo g

o, oY lﬂ
o

o,

b
B>
LU

Iy

o

X

o

dot

o

of

2

Jo

ot —
>,

ot E

Y

)

= i

e

= Lo

Y
<
>

o Y

W2 £
ry
o
N
X
N
£

r o
29,
o2l
dov Ay
=
Jo
of

o &

N2 o gl > of

rlo
>,
S
oX,
X0,

f
e

~
>
>
ol
[~

1
B of

ol
o
i)
4y
)
S
v

X
o
©
}.,
10{_|‘
>
0,
o
k=
N e
o o ofo
4

o
o % ¥
i o
b
e BT of
N 2
o lo
off
L xd
o to
oft Ty
N o B
R I
2 o
o E OBI o
L @ LT;
& 2
X X P
rr o o
o]

AAQ AEVY RIEA] e s
AFdA = A& 12d E-7F
FlowmasterE ©]&3l U=zZs 2HskA] F3
FS ALtst At

2. =2 E

21 3| FAl=Ele] T4
Figure 12 Ztekst € AbshA] FHA]=H
(Liquid Oxygen Filling System, LOFS)E e}
I Aok AR A(A10)0] A E O] A= 4HEkA|
7b BEZ(P30)RFH THEEH fExRds AT
E-Z(End valve block)g E3}e] WA}
"ot ol ¥ oY (cooling)S ¢
B (A52)7F lo] o] FHo=m oA
22X FHH FFujae
HAA] =

T REoAMe Hzo

o
&

In o
&, of 1
o o o

o
Lo
Jlmﬁo.%

ot
')
ooy

e [o
L

£ Jo |
ot [

pues

WO o oy Proreh 2 op
o2, i
o
LR
ry
1

5
A
ofs
o
N
o
e
)
i3
(]
Jo &
4y O dil o X do ox U N

o
bt
=l
e _:; of
L
Z oo 2

g o Il
(n
o
2

o o
ﬁ)J_tl

Jo
ot
o
_I\I
oft N (1 & orr o o do to >

e

dh
o
(o, o
N2 A o ofy
Ow,iem
Mg
(o)}
R
Woﬁrl
Lo u]
=N
1[’11}4_,
gk
am%“
TlE oy
= R
g'-n
N o<«
5 B
23

v

(o

K

S e

>

5
2 F§ IHJ
b

Y

% o

U )l'

ok (r){i

o g

Aqr ko

et 10

N2

= x>

>< —_

S

N

12
2
i)
B
N
ot
X
2
2 oo
N
o
oy

Table 1. Liguid oxygen filling mode

Mode Q[l/min] | TIK] Valve

KF61
+KF63

Cooldown 260~530 90~94

Large flow KFe61
. 1300~1600 | 90~92
filling ~KF64

Small flow KF61
i 420~580 90~92
filling +KF64

Large flow KF87
. 150~210 87~91
replenishment +KF88

Small flow
. 15~20 87~91 KF88
replenishment
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Fig. 1. Simple Schematic of Liguid Oxygen Filling
System
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2.2 Flowmaster Network
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Fig. 2. Flowmaster Network of Liquid Oxygen Filling
System : Around the reservoir(A10) and the
pumps(P30)

Fig. 3. Flowmaster Network of Liquid Oxygen Filling
System : Around the heat exchanger(X90)
and the end valve block
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Fig. 4. Head Curve of Electrical Pumps(P30)
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Table 3. Determined KF valve's Revolution Number

Kv Kv Full Adjust. Revolutions, | Revolution,
Valves 241 ; S ;

max adjust. stroke Stroke total adjust.

mm | m3/hr | m3/hr % mm/rev mm % mm rev. rev.

KF61 25 9.5 2162 | 22.8 15 7 56.5 | 3.95 45 2.56
KF62 50 29 14.672 | 50.6 15 14 80.0 | 11.19 9.7 7.76
KF63 65 63 6.083 | 9.7 1.5 20 314 | 6.28 14.0 4.40
KF64 | 100 100 9.249 | 9.2 1.5 25 30.0 | 7.50 16.4 4.92
KF87 50 29 3289 | 11.3 1.5 14 36.0 | 5.04 10.3 3.69
KF88 15 4 0382 | 9.6 15 7 31.0 | 217 49 1.50
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Fig. 5. An Example of Flow Rate to OT1 vs. KF62
Valve Revolution Number

Table 3. Sensitivity of KF valves

Valve Tag No. 8 Q/90[1/(min X rev)]
KF61 41978
KF62 152.13
KF63 73.283
KF64 75.924
KF87 37.373
KF88 13.32
stk olge fuAolmuel f3 54 oF
U 3 A9 OT1 teoly T i /5
Agel BHAgow Qs PAT & At FA
%9 0AF 44 nges) 98 2 Aojun
o f# 23 WPEE ANSAY
2023
1. KARI, "Operation Manual of Liquid
Oxygen Filling System of KSLS," 2009
2. Flowmaster Co. Ltd., "Flowmaster

Reference Manual," 2008





