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ike most space launch vehicles, the Korean Aerospace Research Institutes (KARI), NARO 
spacecraft uses liquid oxygen (LOX) and Kerosene as propellants. The two liquids are piped 
to the rocket motors separately and when they are ignited, they react and produce an 

enormous amount of thrust that can propel these heavy crafts through the earth’s atmosphere. 
This is not new technology and is relatively straight forward for rocket science. The real challenge 
of these systems, is fueling the vehicle. The volatility of the LOX and the need to fuel all three 
stages of the rocket at the same time makes optimizing and validating the fuel scenario vital.

L

Since LOX is a cryogenic liquid it has to be 
maintained at a very low temperature and 
there is always a certain amount of the fuel 
that boils off to a gaseous state while the 
rocket is being fueled. Therefore, the system 
must be capable of expelling the gaseous 
oxygen as well as maintaining a balanced 
fueling strategy. Additionally, cryogenic 
liquid LOX may suddenly be injected into 
the projectile tank and LOX feed line, which 
is initially kept at normal room temperature, 
resulting in thermal shock damage. 
Therefore, in order to prevent such a thermal 
shock phenomenon, it is essential to carry 
out an operation procedure for pre-cooling 
the projectile tank and the LOX supply line. 

KARI took advantage of FloMASTER’s 
ability to run both steady state and transient 
simulations to verify the piping system 
and the filling scenarios would perform as 
expected.
 
Figure 1 is a schematic of the LOX system. 
The LOX filling system stores and supplies 
the LOX required for the launch vehicle and 
safely discharges the LOX from the vehicle 
during the cancellation of a launch. It is 
also used to sample the LOX for quality 
control. The LOX filling system consists of 
a storage tank located in a central facility, a 
cryogenic valve and a transfer pump. After 
the supply line has cooled down, the LOX 
supply operation mode to the full projectile 

tank begins. At this time, the filling mode 
to the LOX tank is divided into large flow 
filling, small flow filling, supplementary large 
flow filling, and supplementary small flow 
filling. The supplemental filling mode is 
performed to compensate for the amount of 
cryogenic fluid in the tank that is absorbed 
and vaporized from the tank wall and 
hot pressurized gas. Each filling mode is 
changed by adjusting the opening of the 
cryogenic valve. The supply operation mode 
is then terminated when the projectile tank 
is completely filled.

Figure 2 represents a schematic diagram of 
the kerosene filling system. Unlike the LOX 
filling system, in the case of the kerosene 
filling system, no separate cooling operation 
procedure is required since the temperature 
of the supplied fluid is not in a cryogenic 
state. In addition, kerosene is less sensitive 
to temperature than LOX, so a boil-off 
phenomenon occurs less frequently. Thus, 
the kerosene filling system has a relatively 
simple system operating mode compared 
to the LOX filling system. There are a total of 
four filling modes for the LOX filling system, 
but there are only two filling modes for the 
kerosene filling system: large flow filling and 
small flow filling. 

In this study, the filling scenarios in the LOX 
and kerosene filling system required for the 
stable filling mode of the three-stage NARO 
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rocket were selected and the filling flow 
rate was selected accordingly. FloMASTER 
was used to construct a filling system 
satisfying the selected filling flow rate. The 
representative system for the LOX filling is 
shown in Figure 3.

The capacity of the cryogenic flow control 
valve was determined through steady 
state analysis. Then, the transient analysis 
was performed based on the steady state 
analysis result. This allowed the overall filling 
flow rate and amount supplied through each 
filling line to the tanks on a time varying 
basis to be calculated to confirm they met 
the design operating conditions.

The LOX filling system of NARO consists of 
a total of three feed lines. For the first tank 
feed line, three flow control valves are used 
to control the flow rate. Two flow control 
valves are used to control the flow rate for 
the second and third tanks. Finally, there 
is also a recovery line that recovers the 
remaining LOX back to the LOX storage 
tank. Liquid oxygen stored in the LOX 
storage tank is fed to the projectile tank at 
each stage using an LOX pump. Table 1 
shows the capacity of the LOX tank located 
at each end of the KSLV and the height of 
the planned installation. 
 
The filling flow rate in each mode that 
satisfied the LOX full charge time condition 
is chosen (about 90 minutes). The LOX filling 
to the projectile tank is mostly through the 
small flow filling and large flow filling modes.

Figure 1. Schematic diagram of liquid oxygen filling system.

Figure 2. Schematic diagram of kerosene filling system

The projectile tank is first filled up to 30% 
capacity with a small flow feed and then 
up to 95% with the large flow filling mode. 
Finally, the remaining 5% with the small flow 
filling mode. Assuming that the filling of each 
projectile tank is completed at the same 
time, the supply flow rate according to the 
filling mode at each stage is calculated as 
shown in Table 2.
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The process of filling the LOX tank was 
analyzed by transient analysis by applying 
the calculated capacity value of the flow 
control valve, the filling mode and the filling 
time. Figure 4 represents the LOX flow rate 
supplied in the first stage and the liquid level 
(%) of the first stage LOX tank when the LOX 
filling mode is performed. Figures 5 and 6 
represent the LOX flow rate supplied to the 
second and third stage LOX tanks and the 
liquid level (%) of each LOX tank, respectively.

As a result of the transient analysis, it was 
confirmed that the filling completion time 
of the single-stage LOX tank was about 
98 minutes, which was about 9% higher 
than the LOX full charge time condition (90 
minutes). This is within the allowable range 
of design error of 10%. The second and third 
stage LOX tanks are filled in 97 minutes and 
95 minutes, respectively. Therefore, it was 
confirmed that the full charge time difference 
of each LOX tank was within five minutes.

The kerosene supply system also 
determines the supply flow rate using the 
kerosene tank capacity and full charge time 
conditions (70 minutes). Table 1 shows 
the capacity and installation height of the 
kerosene tank. The kerosene tank has an 
installation height similar to that of the LOX 
tank. Unlike the LOX filling system, the 
kerosene filling system feeds for five minutes 
with the initial filling, up to 95% with the 
large flow filling, and the remaining 5% with 
the small flow filling mode. 

Figure 7 represents the 1D FloMASTER 
model of the kerosene feed system for the 
kerosene filling system, two orifices are 
used to control the flow rate for each of the 
stages. In addition, kerosene is supplied 
to the projectile using a vane pump that 
supplies a constant flow rate, and the 
remaining kerosene is recovered back to the 
kerosene storage tank. A 1D steady state 
flow analysis was performed to determine 
the orifice size satisfying the calculated filling 
flow condition.

Figure 4. Volumetric flow rate and liquid level profile for
1st stage LOX storage tank.

Table 1. LOX tank specifications

Table 2. Flow rate calculation result with LOX filling scenarios.

Figure 5. Volumetric flow rate and liquid level profile for
2nd stage LOX storage tank.

Figure 6. Volumetric flow rate and liquid level profile for
3rd stage LOX storage tank.

Tank Volume [%] Height [m]

1st Stage 100 (Ref.) 0 (Ref.)

2nd Stage 29 21.3

3rd Stage 6.6 32.8

Mode
Small flow filling Large flow filling

Flow Rate [1/ min]

1st 618.1 1450

2nd 180 422.3

3rd 40.8 95.8

Figure 3. 1D analysis model of LOX filling system
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The transient analysis was performed using 
the orifice diameters calculated from the 
steady state analysis. The filling flow rate and 
the kerosene tank liquid level (%) change 
characteristics obtained from the transient 
analysis are shown in Figures 8, 9, and 10 
for the three tanks, respectively. After the 
kerosene filling mode was changed from 
the small flow filling mode to the large flow 
rate filling mode, the flow rate of the first 
stage tank gradually decreased as the fill 
progressed. Conversely, the flow rate of the 
stage two tank gradually increased. It was 
confirmed that the flow rate of the Stage 3 
tank also gradually increased. This is because 
the head value of the first stage kerosene 
tank increases significantly compared to 
other tanks. As a result, the reduced first-
stage kerosene feed flow is distributed to 
the second and third stage feed lines. It was 
confirmed that the filling was completed in 
66 minutes for the first tank, 64 minutes for 
the second, and 63 minutes for the third. This 
satisfies the kerosene filling time condition (70 
minutes). It was also confirmed that the filling 
time difference of each kerosene tank was 
under five minutes.

The engineers at KARI were able to utilize 
FloMASTER’s flexibility and accuracy to 
predict the correct control valve settings and 
orifice sizes to achieve the flow rate of LOX 
and kerosene flowing to each stage and 
demonstrate that the system design and filling 
scenarios provide a stable filling operation 
mode of NARO propellant filling system. 

Summarized from original paper: Analysis 
on the Filling Mode of Propellant Supply 
System for the Korea Space Launch 
Vehicle. Jaejun Leea . Sangmin Parka . 
Sunil Kangb . Hwayoung Ohb . Eun Sang 
Jungc, *a Advanced Technology Institute, 
Hyundai Heavy Industries Co, Korea. b 
Launch Complex Team, Korea Aerospace 
Research Institute, Korea. c Department of 
Bioenvironmental Energy, Pusan National 
University, Korea

Figure 8. Volumetric flow rate and liquid level profile for
1st stage kerosene storage tank

Figure 9. Volumetric flow rate and liquid level profile for
2nd stage kerosene storage tank

Figure 10. Volumetric flow rate and liquid level profile for
2nd stage kerosene storage tank

Figure 7. 1D analysis model of kerosene filling system
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