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Numerical simulation of evaporation and combustion of
MMH gel droplets
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(State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract: The combustion of monomethylhydrazine (MMH ) gel droplet under a nitrogen tetroxide (NTO)
environment are simulated considering chemical kinetics. At first, the one—dimensional counterflow and
zero—dimensional ignition of the MMH/NTO mixture are conducted. The results show that MMH will
decompose into CH;NNH and H, immediately under the current condition, and MMH/NTO mixture has a
two-stage ignition. Then, single MMH/NTO droplet combustion under the pressure of 0.5 MPa and
temperature of 1 000 K is carried out. The gel formation, expansion and fragmentation, as well as the
mutual diffusion of the MMH vapor with NTO and forming a non—premix flame surface are found. Due to

the physical process of gel formation, expansion and fragmentation, the temporal evolution of droplet
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radius is oscillating. Between the sequential gel fragmentation, the temperature at the flame surface will
gradually decrease due to the consumption of MMH. With the advance of time, the frequency of gel droplet
expansion and break—up increases, leading to a rising in the gas—liquid interface temperature. In addition, it
is also found that there are two ignition phenomena for the single MMH gel droplet, and the temperature in
the surroundings decreases due to the decomposition of NTO. Finally, the effects of initial temperature and
pressure on the combustion process are compared. The higher initial temperature in the surroundings results
in the faster the droplet expansion break—-up frequency, and the shorter lifetime of the gel droplet. As the
pressure increases, the flame surface is closer to the droplet, which is similar to the conventional droplet
evaporation combustion process.
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Fig. 1 Schematic diagram of evaporation combustion

process of gel droplet
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Table 1 Detailed kinetic mechanism of MMH/NTO""

G 2 L A/(em®mol ‘s~ ') n E/(kJemol™")
1 MMH + NO, > CH,NNH, + HONO 1.96E+28 —3.80 12 840.00
2 CH;NNH, + NO,— CH;NNH + HONO 2.20E+11 0.00 6 700.00
3 CH,NNH + NO, > CH,N, + HONO 1.00E+08 2.00 0.00
4 MMH — CH,;NNH + H, 2.20E+11 0.00 6 700.00
5 HONO +M—>NO + OH+ M 3.26E+13 0.00 18 700.00
6 NTO + M—>NO, + NO,+ M 8.40E+12 0.00 17 000.00
7 NO,—~NO + O 7.60E+18 —1.27 73 290.00
8 NO, + H—>NO + OH 3.50E+14 0.00 1 500.00
9 CH,N, > CH; + N, 3.00E-+06 0.00 0.00

10 H,+ OH—>H,0+H 2.16E+10 1.51 0.00
11 CH;+ O—H -+ CH,0O 8.43E+13 0.00 0.00
12 CH,0 + O—>OH -+ HCO 3.90E+13 0.00 3 540.00
13 HCO + O—>H + CO, 3.00E+13 0.00 0.00
14 CH,;+ NO—>HCN + H,0O 9.60E+13 0.00 288 000.00
15 HCN+M—H+ CN+ M 1.04E+29 —3.30 126 600.00
16 CN+ H,—>HCN+H 2.10E+13 0.00 4 710.00
17 NH, +H—>NH+ H, 4.00E+13 0.00 3 650.00
18 NH + NO—N, + OH 2.16E+13 —0.23 0.00
19 H,+ O—>H+ OH 5.06E+04 2.67 6 290.63
20 HCN + OH—NH, + CO 1.60E+02 2.56 9 000.00
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results of evaporative combustion of a gel droplet
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zero—dimensional ignition
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combustion
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