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Strength analysis and structural optimization of detonation combustor
to multi-cycle pulse detonation loading

ZHENG Long-xi, JTANG Hong-wei,~YAN Chuan-jan. QIU Hua

(School of Power and-Energy
Northwestern Polytechnical-University, Xi’an 710072, China)

Abstract: The equivalent stress of the detonation combustor was computed and re-
searched using the axisymmetric finite element modal and whole cycle pressure obtained by
numerical simulation. THhe effect of the temperature was calculated using the measured ther-
mal equilibrium temperature data, and the primary optimization of the thickness was com-
pleted for given fatigue life. It is found that the equivalent stress of the detonation combus-
tor to multi-cycle detonation loading is a little bigger than that to single cycle detonation
loading. and the difference of the same position is less than 4%. The equivalent stress of
the detonation combustor at the same position is periodic when the PDE (pulse detonation
engine) works circularly, and the maximal equivalent stress in every cycle is nearly equal.
The maximal equivalent stress has an increscent trend along with the spread of detonation
wave. The maximal equivalent stress at the same position is nearly equal when the frequency
changes among 10 ~50 Hz. The equivalent stress with temperature is nearly equal to that
without temperature when it is assumed that the detonation combustor has the same temper-
ature in the radial direction and can expand freely in the axial direction, but the equivalent

strain increases.
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Fig. 1 Schematic of detonation combustor
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Fig. 2 Pressure at different times for 50 Hz
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Fig. 3 Finite element model and schematic loading
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Table 1 Material and geometrical properties

of detonation combustor
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Fig.4 Equivalent stress for three-cycle without temperature at the frequency of 50 Hz



2780 G @ h B
105 105 -
100} - 100 b g
= 95F b /;3' os) ,:n
E /I:/ .'/.' ?5 )~<’/,/'
S 90f S ol P
..-: PR /‘/ :: | 1‘-‘/,,’ 4
= 851 F— ;;}—; 85 .
§-T & - z’”ﬁu k3‘;!1-{“ mhc ‘I j;;d“ f jj ""7 ) - — - ﬁ_,‘
801 / o BRSNS S SR & 0 F _2_ ggﬁ&ﬁﬁﬁ"&ﬁ&? g XE'U-V B
a/ - sz = b
st 4 ol

01 02 03 04 05 06 0.7 08 09 1.0
RS S Sl i /m
(a) BERE AT 50 He

0.1 02 03 04 05 06 07 08 09 1.0
T 2 Al 17 37 75/
(b) BEREATH K10 Hz

K5 ZARFREAE T 5 5 IR AR AR I T 80 2 S5 20y IX )

Fig. 5 Difference of equivalent stress of detonation combustor to multi-cycle detonation loading

and single detonation loading
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