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Table 1 Simulation conditions.

case No. 17 20 22 23 21 19 16
Pc[MPa] 0.581 0.654 0.715 0.764 0.720 0.671 0.643
O/F 1.84 1.57 1.36 1.21 1.09 0.96 0.82

Table 2 Gas temperatures (Case 23: O/ F = 1.2).
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Table 3 Reactions and rate constants” used in the reduced hydrazine-NTO chemical reaction mechanism.

No. Temp. range (K) A B E/R
N/ O reaction
N204 + M = N02 + N02 + M
(M =N, 300-500 2.03E+28 -3.8 6400
24 NO + NO + 0O, = NO, + 2 273-660 1.20E+09 0.0 -530
26 NO, + NO + 0, = NO, + NO; 300-500 290E+07 0.0 -400
28 NO; + NO = NO, + NO; 2908-547 1.50E+14 0.0 1163
32 NO, + NO, = NO + NO + O 600-2000 2.00E+12 0.0 13500
33 NOz + NOZ + M = N204 + M
M =N,) 300-500 431E+15 38 0
34 NO, + NO; = NO + NO, + 2 300-850 1.40E + 11 0.0 1600
N/ H reaction
NNH = N, + H 3.00E+08 0.0 0
36 N2H4 + M = NH2 + NH2 + M
(M = Ar) 3.98E + 15 0.0 20600
38 Nsz + M = N.H, + H + M
(M = Ar) 1.OOE+17 0.0 16617
39 N.H; + M = NH, + NH + M
M = Ar) 500E+16 0.0 30214
40 N.H, + M = NNH + H + M
(M = Ar) 500E+16 0.0 25178
49 NoHy + H = NH; + H, 700E+12 0.0 1259
54 N.H, + H = NNH + H, 500E+13 0.0 504
62 N2H4 + NH = NH2 + N2H3 1.00E + 09 1.5 1007
71 N2H4 + NHz = N2H3 + NH3 300-2000 1.80E + 06 1.7 706
72 N2H3 + NHZ = N2H2 + NH3 1.00E + 11 0.5 0
73 NoH, + NH, = NNH + NH; 1.0E+ 13 0.0 504
75 NH, + NH, + M = N-H, + M
(M = Ar) 3.00E+20 -1.0 0
84 N2H4 + Nsz = N2H3 + N2H3 2.51E+ 10 0.5 15000
85 N,H; + NH, = NH, + NNH 1.00E+ 13 0.0 3021
86 N2H2 + Nsz = NNH + N2H3 1.00E + 13 0.0 5000
87 N>H; + N;H; = NH; + NH; + N, 3.00E + 12 0.0 0
88 N.H; + NoH; = NoHy + N:H» 1.20E+13 0.0 0
N/H/ O reaction
96 HONO = OH + NO 300-2500 30IE+30 3.8 25340
97 HNO M = H + NO + M
(M =Hy) 230-750 229E+17 -0.3 23180
98 HNO; + M = NO, + OH + M
M =Ar) 800-1200 1.60E+15 0.0 15400
126 NH, + OH = NH; + H0 5.00E+12 0.0 504
127 N2H3 + OH = N2H2 + Hzo 1.00E + 13 0.0 1000
129 N.H, + OH = NNH + H0 1.00E+ 13 0.0 504
131 NH; + OH = NH, + H0 225-3000 5.00E + 07 1.6 480
137 NH + OH = NO + H» 1.60E+12 0.6 755
138 N, O + OH = N, + HO, 200E+12 0.0 5036
143 NO + OH + M = HONO + M
M =Ny 1.00E +28 -2.5 -34
145 HONO + OH = NO, + HO 400E+12 0.0 0
147 NHy + HO, = NH; + HO» 3.98E + 13 0.0 1000
160 NO + HO, = NO, + OH 200-2000 205E+12 0.0 -250
164 NO + H + M = HNO + M
(M =Hy) 230-750 1.53E+18 -0.8 0
165 NO, + H = NO + OH + 347TE+14 0.0 740
166 NO, + H = HONO 1500-2500 320E+14 0.0 750
168 N.O + H = N, + OH 220E+14 0.0 8430
176 NO + NH = NO + H 433E+14 -0.5 0
177 NO + NH = N, + OH 240E+12 0.0 0
179 NO, + NH = HNO + NO 1.00E + 11 0.5 2000
180 NO, + NH = NO + OH 1.00E+ 13 0.0 0
182 HONO + NH = NH, + NO; 1.00E+ 13 0.0 0
183 NO + NH, = N, + HO 300-1000 8.28E+14 -09 -192
1000-2000 340E+ 14 -1.0 -1334
184 NO + NH, = N, + H + OH 294-1200 631E+19 2.5 950
185 NO + NH, = NNH + OH 1000-2000 919E +22 3.0 4829
188 NO, + NH, = N,O + H)O 300-1600 1.66E + 14 -0.7 0
203 NO, + HNO = HONO + NO 6.00E+11 0.0 1007
206 N.H, + NO = NO + NH: 300E+12 0.0 0
207 NNH + NO = N, + HNO 500E+13 0.0 0
213 HONO + HONO = NO + NO; + H0O 230E+12 0.0 4230
H/ O reaction
223 0, + H + M = HO, + M
(M =N, 298-2000 265E+19 -1.3 0
229 H + OH + M = HO + M
M =Ny 300-3000 221E+22 20 0
233 H + HO = OH + H, 800-2500 4.52E + 08 1.6 9030
237 H. + OH = H + HO 250-2500 2.17E + 08 1.5 1740
241 OH + H0, = HO, + HO 300-800 1.00E+ 13 0.0 910
244 H.O + M = H + OH + M
M =N, 2000-6000 482E+15 0.0 52920
245 H,O0, + M = OH + OH + M
M =Ny 700-1500 1.20E+17 0.0 22900
(M =Ar) 1000-1500 229E+16 0.0 21960

*. Rate constants are defined by k = AT®exp (- E/RT) and in units cm, mole, s, and K.
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Development of a reduced chemical kinetic model of
hydrazine and di-nitrogen tetroxide

Kaori Ohminami**, Hiroyuki Ogawa**, and A. Koichi Hayashi***

Hydrazine (N,H,) and NTO (dinitrogen tetroxide: N,O4) mixtures are used in spacecraft bipropellant sys-
tems, having the advantage, for sampling missions, of having no carbon composition. However, no reasonable
hydrazine and NTO combustion model has been developed. To construct a hydrazine and NTO combustion
model that is useful for bipropellant thruster CFD simulation, we extracted efficient elementary reactions from
detailed kinetic reaction model proposed by Ohminami and Ogawa in 2007. The reduced hydrazine and NTO
combustion model was composed of 61 extracted reactions with 23 chemical species and was coincident with
the original detailed kinetic reaction model in terms of combustion gas temperatures and ignition delay times
over O / F (oxidizer and fuel mass ration) = 0.82-1.84. Also the simulated combustion gas temperatures were
good agreed with the adiabatic flame temperatures, and the simulated ignition delay time at O / F = 1.2 was
consistent with the literature value.

Keywords: Hydrazine, di-Nitrogen tetroxide, NTO, Reaction mechanism.
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