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Explosion Risk Analysis and Safe Operation Strategies for Aerospace

N,O Oxidizer
Jaehyeok Shin’, Jungpyo Lee”

ABSTRACT

Nitrous oxide (N;O) is widely used across automotive, medical, and food industries, and has
more recently gained attention as a potential environmentally friendly propellant for aerospace
propulsion systems. However, explosion incidents involving N;O have been reported in various
fields. In this study, accident cases were collected and analyzed to identify the causes reported
in the literature, including thermal decomposition, water hammer, and system fouling.
Furthermore, the potential overpressure hazard associated with subcooled liquid N,O was
examined. Based on these findings, safety measures were discussed to mitigate the identified
hazards. This study systematically elucidates the complex risks inherent in N;O operations, and
the results are expected to support the development of effective safety strategies for industries

utilizing N,O.

Key Words : Nitrous Oxide Explosion(CHIs}84 Z9), Aerospace Oxidizer(F5-$5& ALSHA)),
Heat Decomposition(@+-3l]), Subcooled Liquid N;O({ZHA N,0), Safe Operation(QFd <-&)
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(Conners, 1997; Bettella et al., 2013: NIST,
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CSB, 2016).
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Fig. 12 Virgin Galactico] TI7t SFoj4S 25
M43t SpaceShipTwoE N,O ABHAIE 2835t 3=
A 89l EA: ZARAC|tHVirgin Galactic,
2023). 20079 Mojave Air and Space PortollA]
SpaceShipTwo A A7 AAE] HZE AT H]
A A EF B AR Y Fsirh HAgskich
(Fig. 2). ZAfl WEH, N,O7} ASHA] Fald s
7180 o9 2=, T LAYt 2280l &
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Fig. 2. N,O explosion at Mojave Air and Space
Port (Berger, 2007)

Fig. 3. N.O explosion at University of
Copenhagen (Zakirov et al., 2000)
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Fig. 4. Eindhoven N,O explosion accident
(Berger, 2007; Munke, 2001)

() 2012 Explosion (b) 2016 Explosion

Fig. 5. Airgas N,O explosion accidents (CSB,
2016)
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T: Thermocouple
P: Pressure sensor

Fig. 6. Schematic of 1 L experimental cylinder
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Fig. 7. Temperature and tank pressure variation
with time

o, 13]9] qtsto] HAISHIH. 45714 7] 2= ¥
Slof wet, B2 Ui N,O9 hEle 2o 24| oJEst
= B4o] ERlE /A4 2&71 < 7.5°CollA 15°C
2 Z7s mE 2 9F 70barolA 100bar® &
7¥elal, wEbA "3 W N,O7F 22 2 Aoz £
dY F7Fe IS 5 a2 ERIskGinh olfet
g udeE 1.2 3o &% N,00lA B2 27
Uehd 4= glom, &3] T HopollA darlvt
2 4 WA= AE 13T o N0 =1 9
Aol "L F71e = AU

=y N;O7F A9} 71417} B-Eoke E3t AH=
AGE A 2 oo e Y vidEs FES
e 2202 374 ot} Fig. 82 N,09] 4 - ]
AH A=s veiliar, 231 deiolA N0 JAY
g2 oF 72.45bar¥S ERIT = ok wEkA 24ke

300 I
::Avv = T=270K
::AA'W —o—T=280K
250 ::A‘v —A—T = 290K
PR 4o ¥— T =300K
- i.:AAv' +—T=305K
g 200 ::A‘vv 4 « T=309.52K
= He A Ve
IRELERN
7 1501 ® e A vex
0 e A VO
ERITRY
o "
100 'ﬁ A ey & :
[ RIR N SR Critical Point
e kv g —X—
50 .- .n y
[

00010 00012 00014 00016 00018  0.0020

Specific Volume (m°/kg)
Fi

g. 8. Pressure change vs. temperature under
subcooled liquid conditions for N,O
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Table 1. Thermodynamic characteristic of N2O

sat. Liquid sat. Vapor
Temperature density density
® (kg/m) (ke/m)
270 923 78
280 870 104
290 808 142
300 725 203
305 661 256
12
) —— H,_'_,.,_.H——l——l—",,_,.——r——l'—'
0.8 4
E Total tank mass: 1 kg
£ 064 Total tank Vol: 1.1 L
g —a— Liquid
3 044 —e— Vapor
3
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T
260 262 264 266 268 270 272 274
Temperature (K)

Fig. 9. Phase volume variation with temperature
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Table 2. Safe operation strategies by risk
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Fig. 10. Threshold tank volume for subcooled
liqguid N2O storage
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