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Abstract — The Propulsion Test Facilities for the development of Korea Space Launch Vehicle-II are being built, some
test facilities are completed and various combustion tests are running. The Propulsion Test Facilities consists test-stand,
which carries out tests for engine development model, and various sub-systems and vessels containing LOX and Jet A-1
as propellant. There are always risks of fire and explosion at the test-stand since engine development model is con-
ducted at test-stand with real combustion test with very high pressure, mixed propellant and high energy. In this paper, in
order to establish the consequence analysis and risk reduction measures in the Propulsion Test Facilities, followings are
considered. 1) a propellant leak accident scenario is assumed in test-stand. 2) TNT equivalent model equation based on
blast wave of the explosion was used to analyze blast overpressure and impacts. Also, technical, systematic and man-
agemental measure is described to ensure risk reduction for propulsion test facility.
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Table 1. Physical&Chemical Properties of Kerosene (Jet A-1) and LOX

Item Jet A-1 LOX
Physical State Liquid Liquid
Boiling Point 149~300 °C —-183°C
Flash Point 41.5°C -
LFL, UFL 0.6~3.7% -
Vapor Pressure 0.013 kPaat20°C  101.325 kPaat—183 °C
Specific Gravity 0.77~0.84 1.1407
Auto Ignition 230.2°C -
LD 50 2,835 mg/kg -

Table 2. Process Condition of A Propulsion Test Facility

Item Jet A-1 LOX
Type of Run Tank Cylindrical Cylindrical
Volume of Run Tank 15.6 m® 30 m?
Flow rate 88.5 liter/s 157.14 liter/s
Operating Pressure 25 MPa 20 MPa
Operating Temperature -10~30°C -183°C
Specific Gravity 0.77~0.84 1.1407
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Fig. 1. The Basic Schematic of A Propulsion Test Facility.
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Table 5. Blast Damage Side on Overpressure Correlation

FAA B0 ) Al

kPa Effect of Damage

0.069~0.276 ~ -Minimum damage to glass panels.

0.689 -Breakage of small windows under strain.
1.034~1.517  -Typical window glass breakage

-Overpressure at limit for debris and missile damage.
-"Safe distance" (probability 0.95 of no serious damage

1:517-2.482 below this value) Projectile limit and some damage to
house ceilings 10% window glass broken.
3516-7515 -Windows shattered, minor damage to some buildings.
’ ’ -Partial demolition of houses, made uninhabitable.
7515-12.479 -Personnel knocked down.

-Panels of sheet metal buckled.

12.479~19.995 -Failure of walls constructed of concrete blocks.

19.995-29.992 -Oil storage tanks ruptured.

-Steel frame building distorted and pulled away from foundations.

-Utility poles broken off.

29.992~49.987 -Serious damage to buildings with structural steel framework.

-Nearly complete destruction of houses.

39.990~59.984 -Reinforced concrete structures severely damaged.

69.982~79.979 -Probable total destruction of most buildings.
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Fig. 2. Distance of Damage Effect by Full Release.
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Fig. 4. Risk Reduction Methods of Propulsion Test Facilities.
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Table 6. Procedure of Safety Control in Propulsion Test

Step Test Operation Part

Safety Control Part

- Fill up the storage tank (Kerosene and LOX)

- Check the valve and sensor

- Install ignitions ampule (TEA+TEAL) and Check the sealing
- Check the control system and electric equipment

—_

- Check the fire fighting, communication, broadcast and safety system

- Organizing a list of safety control officer and fireman

- Check of the fire truck and multi disaster truck

- Check of the emergency equipments (air respirator, oxy-life, AED)
- Check of the security system (CCTV, Cardkey, VCS)

- Check and removal of the risk factors on test facility around

- Check of the operation facilities, weather conditions

2 - Hold a test meeting (Have a safety training to officers)

- Inform safety control plan to employees

3 -Normal/ Emergency/ Blocking cyclogram dry-run - Notify a related public organizations of risk informations
- Distribute the safety control plan to the safety control officer
4 -Cold flow test and fill up the cooling water
5 - Set up the pressure of gas-generator and combustion chamber
6 - Fill up the run tank (Kerosene and LOX)
- Place the safety control officers
7 - Pre-pressurization - Confirm the personnel in test facility around and control vehicles

- Place the fireman and fire truck
- Test mode conversion of the security system

8 - Check the sealing of ignitions ampule (TEA+TEAL)

9 - Manual mode conversion of the fire fighting system

10 - Evacuate the test operate officers

- Completion of evacuating personnel
- Safety control officers evacuate to safety area

11 - Enter the test mode

12 - Pressurize to the setting pressure

- Fireman ready to move

- Count down and Cyclogram operation
- Startup/Shutdown

14 - Par off Test facilities

15 - Drain of the propellent and ignitions

16 - Finish test

- Removal of the control situation and withdrawal of a fireman
- Normal mode conversion of security system
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