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Comparative ignition characteristics of ethylene and gasolene

in multi-cycle pulse detonation engine

CHENG Xiao-jun, FAN Yu-xin, CAI Di, HAN Qi“xiang, WANG Jia-hua
(Collegeof Energy and Power Engineering,

Nanjing University of Aeronautics and-Astronautics, Nanjing 210016, China)

Abstract; To investigate the influence of the structure of multi-cycle pulse detonation
engine (PDE) on its joperation performance, experiments of ethylene-air and gasoline-air
mixtures initiation process in the aero-valve PDE of 1050 mm length and 40 mm inner diame-
ter were performed. The results show that the detonation wave can be successfully initiated
in the ethylene-air with frequency of 25, 30Hz and 40 Hz, and C-J (Chapman-Jouguet) deto-
nation wave can be achieved at the frequency of 40 Hz with detonation wave propagation velocity of
1724m/s (less 5.6% than the C-] detonation wave velocity theoretical value 1832.45m/s) and
peak wave pressure of 3. 01 MPa (higher 7. 88% than the C-] detonation pressure theoretical value
2. 79MPa). While the deflagration to detonation transition failed to complete in gasolene-air. By
comparison of the two results, it was found that the evaporation process dominated the initiation
process in liquid fuels, thus slowering the flame acceleration process in the detonation tube. More
novel and optimized-designed reinforced-combustion devices for accelerating the flame should be
developed, which may cause higher total pressure loss. Thus, atomization and evaporation to

improve the quality of the mixture is a key technology for detonation in the liquid fuel.
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Fig. 1 Schematic of experimental setup for ethylene-air mixtures
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ethylene-air mixtures
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Table 1 Experimental detonation parameters for ethylene-air mixtures

// U2 / V23 / U3y / Uis / ug\h/ Ilhc/
Hz (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)

Uea/ 2% bs/ i/ bs/ taa/ L/
(m/s) MPa MPa MPa MPa ms mm

25 1669 1328 1185 1072 1073 1185

30 1445 1443 1125 1119 1148 1118

40 2223 1673 1958 1744 1823 1850

1070 2.46 2.07 2. 66 3.16 1.35 <635
1049 2.41 1.89 2.71 2.87 1.33 <635

1724 2.43 1. 98 2.68 3.01 1. 14 <685
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Table 2 Theoretical detonation parameters for

ethylene-air mixtures

£1./10° Pa T../K Ucy/(m/s)  py/10° Pa
1.4 300 1831.2 26.041
1.6 300 1833.7 29. 828
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Fig. 6 Pressure time sequences with Fig. 7 Enlarged map of pressure in a cycle with
gasolene-air mixtures gasolene-air mixtures
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Table 3 Experimental detonation parameters for gasolene-air mixtures
S/ v/ U3/ U3y / s/ ua/ e/ ua/ b/ bs/ 2% bs/ Laae/ Lua/
Hz (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) MPa MPa MPa MPa ms mm
25 1110 727 797 889 826 950 803 1.53 1. 68 1. 68 1.63 >4.86 >685
30 1229 751 1000 1021 1177 1195 891 1.45 1.58 1.85 1.78  >4.11 >685
40 1315 769 1162 1041 955 1054 939 1.53 1. 39 1.62 1.68 >3.98 >685
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