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A Review on Major Foreign Research Trend of Monomethylhydrazine
Reaction for Space Propulsion

Part II : Chemical Reaction of Monomethylhydrazine-Dinitrogen Tetroxide

Yohan Jang' and Kyun Ho Lee?’

'dgency for Defense Development

’Dept. of Aerospace Engineering, Sejong University

Abstract :

Space propulsion system produces required thrust for satellites and space launch vehicles by using
chemical reactions of a liquid fuel and a liquid oxidizer typically. Among several liquid propellants,

the

monomethylhydrazine-dinitrogen tetroxide is expecially preferred for a GEO satellite propellants due to their better
storability in liquid phase during a long mission life under a freezing space environment. Recently, a development
of the monomethylhydrazine-dinitrogen tetroxide bipropellant system becomes important as the national space
program requires the heavier and the more efficient space system. Thus, the objective of the present study is to
review a foreign research trend of a chemical reaction between the monomethyhydrazine fuel and the dinitrogen
tetroxide oxidizer to understand a fundamental basis of their characteristics to prepare for domestic development in

future.
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Table 1 Physical Properties of Monomethylhydrazine and Dinitrogen Tetroxide[2]

Propellant Monomethylhydrazine Dinitroge Tetroxide
Chemical formula CH3N2H3 N2Oy
Molecular mass 46.072 92.016
Melting point [K] 220.7 261.95
Boiling point [K] 360.6 294.3

Heat of vaporization [kJ/kg] 875 413
o 0.700 @298K 0.374 @290K
Specific heat [kcal/kg-K]
0.735 @393K 0.447 @360K
0.8702 @298K 1.447 @293K
Specific gravity
0.8570 @311K 1.380 @322K
) ) 0.775 @298K 0.47 @293K
Viscosity [cp]
0.400 @344K 0.33 @315K

Vapor pressure[MPa]

0.0066 @298K
0.6380 @428K

0.01014 @293K
0.2013 @328K
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golic Ignition Computed Using the Kinetic

Fig. 1 Temperature profile of MMH-NTO Hyper-
Model at 1,500 K[5]
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—  4C0,(g) +12H,0(g) +9N,(g)

10H2,4].

A
ACH,N,H, (1) + 5N,0, (1)
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Table

2 Reduced Reaction Mechanism and Its Rate Constants

77

for Gas-phase MMH-NTO

Hypergolic Ignition at Room Temperature(298 K)[5]

Reaction
number Reaction stoichiometry Rate constants®
1 CH3NNH3 + NOa2(+M) — CH3N(NH2)NO»(+M) koo = 1013
ko = 1017
7/ CH;NNH; + NO>(+M) — CH3;N(NH2)ONO(+M) koo = 1013
ko =10"7
3 MMH + NO» — CH3;NNH> + HONO k =2.2 x 10" exp(—35900/RT)
4 CH;3;N=NH +NO, — CH;N=N + HONO k=ks
5 CH3NNHz + NO> — CH3N=NH + HONO k=10% x T2
6 CH;N=N — CH; + N, k=3x10°
7 N>04(+M) — NO> +NO»(+M) koo =4.05 x 10'5 T—11 exp(—12840/RT)
ko= 1.96 x 102738 exp(—12800/RT)
o2 %a] H3}xA(ignition delay) A7+ ¢F 3 psec g9, 2001de] ZTgxo] olg|et 5 WAL} Ak
ALg 7 FAA 45485 3 w-3st=d oS- of FatE o] AFA ANAEe 2o R <l Hi
e A3t AAheEE= oF 3,500 K P 35,853 kmoll oKt} g

‘ 7 - |
& |' L T

Fig. 2 Configuration of Aestus Engine[6]
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Fig. 3 Redox Reaction Leading from MMH to

OH
2 N:G

Methyldiazene from CPMD simulations[7]
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Fig. 4

1.176 (1.190)°

Calculated Structures of MMH, N,O,, and
Their Subsequent Products (A: MMH, B:
MMH Radicalcation, C: Methylhydrazyl Ra-
D: Protonated Methyldiazene, E:
Trans-methyldiazene, F: N;Os,, G: NO;
radical, H: NO,, I: HNO,)[7]

dical,

4 MMH + 2 NTO —» MeN—=NH + 2 MeNH-NH,* "
+ MeNH>-NH, " + is0-HNO, + 3 NO,™

HaN. -CHs

I
HaG” N NH,

4a'

Fig. 5 Reaction Scheme for the Formation of Dimethyltetrazane Isomers from an Excess
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Fig. 6 Hydrogen Abstraction Reactions in MMH-

NTO[8]
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Fig. 7 Predicted Mass Spectra from the ReaxFF
Dynamics for MMH-NTO[8]
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In(r)=-In(A)+E /RT

[ EtOH-NTO
P A=255
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Fig. 8 Logarithm Characteristic Reaction Time as a
Function of Inverse Temperature for the
MMH-NTO and EtOH-NTO Mixtures(2,000
K ~ 3,000 K)[8]

Table 3 Initial Reaction Mechanism of MMH-NTO
at 2,000 KJ[8]

Reaction Chemical Equation
NTO
.. N2O4 = NOg + NOg
Decomposition
NO, + CHgNy
= HNO, + CHsNs
NO; + CHsNg
Hydrogen = HNO; + CHuNy
Abstraction CHsNe, = CH4N2 + H
HNO, = NO + HO
HO + CHgN»
= H,O + CHsN»
CHeNy = HoN + CHuN
N-N N + CHN = CHgN
Bond Scission | NO, + CH,N
= HNO,; + CH;3N
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