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Numerical simulation of partially cracked kerosene

rotating detonation engine

WANG Dan,ZHOU Chenchu, CHEN Hongyu, YAN Yu,HONG Liu

(Science and Technology on Liquid Propulsion Rocket Engine Laboratory,
Xi’an Aerospace Propulsion Institute , Xi’an 710100, China)

Abstract; The rotary detonation engine using liquid kerosene as fuel has the advantages of simple
structure, high performance and long-term storage of propellant, but it is difficult to initiate kerosene det-
onation. Taking the rotating detonation engine with kerosene-air as research object, the ignition process of
a rotating detonation engine under pre-heating mode which leads to kerosene cracking was putted out.
The chemical reaction model of partial cracking kerosene was putted out and the ignition process in the
combustion chamber was simulated. The results show that the formation and development of detonation
wave in the initial stage of ignition have uncertainty. The fuel components entering the combustion cham-
ber have effect on the time required for building a stable detonation wave and the final propagation direc-
tion of the detonation wave. Increasing cracking rate of kerosene may result in slow combustion in the
zone which will delay the formation of stable detonation waves. The frequency of the rotational detonation

wave propagation is almost 7 500 Hz and peak pressure of detonation wave is almost 2. 3 MPa under the
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condition of different cracking rates during the engine steady operation time. The specific impulse of en-

gine varies slightly during different period and the average specific impulse is almost 1 340 m/s under the

condition of different cracking rates.

Keywords ; rotating detonation engine ; pre-heating; detonation combustion; kerosene crack; engine

performance evaluation
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Fig.1 Combustion chamber structure of RDE
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Fig.2 Simulation model
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Tab.1 Chemical reaction group
e e J52 % W I R R Arthenius 7 % FEW) N TR E
1 4C,H, +710, =48C0, +46H,0 0.25,1.5 PEF =2. 587 x 10° , AE = 1. 256 x 10° 0,0
2 2H, +0,=2H,0 1,1 PEF =9. 87 x 10°  AE =3.1 x 10’ 0
3 CH, +20, =C0, +2H,0 0.2,1.3 PEF =2. 119 x 10", AE =2. 207 x 10° 0,0
4  C,H, +30, =2C0, +2H,0 0.1,1.65 PEF =1. 125 x 10" ,AE = 1. 256 x 10* 0,0
5  2C,H, +90, =6C0, +6H,0 -0.1,1.85 PEF =2.362 x10° ,AE =1. 256 x 10* 0,0
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Fig.3 Detonation tube simulation
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Tab.2 Boundary condition

A AL O O kIR SRR

BN M N GH, GH, G 0, N, EA WE RS mE )
/K /MPa /K /MPa /K /MPa
1 5 0.032 0.127 0.063 0.038 6.070 21.54 72.130 850 0.35 300 0.1 3 000 2
2 10 0.063 0.253 0.127 0.076 5.811 21.543 72.123 850 0.35 300 0.1 3 000 2
3 20 0.127 0.506 0.253 0.152 5.292 21.596 72.318 850 0.35 300 0.1 3 000 2
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( translate x axis to the same zero time)
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