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Abstract : A thermochemical model was newly proposed in the present study. The proposed model was developed to
maintain an accuracy for detonation simulations with the detailed chemical reaction model under thermally perfect gas
condition and to reduce computational load. The proposed model consists of three gas components, which are premixed
detonable gas, burnt gas and inert gas. For chemical reactions, it is considered that premixed detonable gas reacts to burnt
gas under the one-step irreversible chemical reactions. The thermodynamic data for premixed detonable gas and inert gas
follow the enthalpy changes of the mixture as thermally perfect gas, and it is assumed that the burnt gas is isentropically
expanded. In the present study, single-cycle and multiple-cycle operations of one-dimensional and two-dimensional single-
tube Pulse Detonation Engine (PDE) were investigated with the proposed model. For one-dimensional simulations of single-
tube, single-cycle PDE, advantages of the proposed model compared with some other models were shown using pressure and
temperature profiles at the closed and open ends of the tube. Furthermore, two-dimensional simulations of single-tube,
multiple-cycle PDE were carried out to investigate the spatial distributions and histories of the thermodynamic properties
with the proposed and the detailed models. The spatial distributions and histories of the thermodynamic properties of the
proposed model were in good agreement with those of the detailed model. The proposed model dramatically reduced the
CPU time required for simulation to about 9 % for one-dimensional analysis and 14 % for two-dimensional analysis,
compared with those of the detailed chemical reaction model.
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Table 1 Coefficients of a fifth order polynomial of temperature. a) 300 ~ 1000 K, b) 1000 ~ 4000 K

(a) a a a3 ay as a
detonable 3.61290E+00 -1.08950E-03 2.99770E-06 -2.26250E-09 6.24130E-13 -1.05080E+03
air 3.72110E+00 -1.75820E-03 4.35470E-06 -3.01270E-09 6.82800E-13 -1.06400E+03
(b) a aQ a3 ay as £
detonable 3.0286E+00 1.1719E-03 -3.7526E-07 6.1088E-11 -3.8343E-15 -9.2831E+02
air 3.0127E+00 1.4229E-03 -5.3879E-07 9.7464E-11 -6.6681E-15 -9.5473E+02
V% GBI AR D 22 [0 AR & 2 DJEIEICB L CET
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Fig.1 Relations of temperature and enthalpy.
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Table 2 Coefficients of isentropic expansion characteristic
b, b, b by bs C
pressure -1.39020631 -2.33984953 0.234750275 -0.019778499 0.000576217 -
temperature 11.2073301 -1.43949756 0.26484092 -0.022816508 0.000678521 -
internal Energy -13.9276089 -4.01851095 -0.518535266 | -0.028534136 | -0.000606435 0.0295905
Table 3 Coefficients of a fifth order polynomial of temperature for burnt gas. a) 300 ~ 1000 K, b) 1000 ~ 4000 K
(a) Eh aQ as a4 as ag
burnt 3.8449E+00 -1.5197E-03 3.8263E-06 -2.4099E-09 5.1035E-13 -1.0280E+04
(b) a) a a e as ag
burnt 2.7836E+00 2.0655E-03 -7.0593E-07 1.1632E-10 -7.3878E-15 -1.0029E+04
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Fig.2 Pressure histories at the closed end in 50 % filling with various
grid resolutions.
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Fig.3 Pressure profiles when a detonation wave front is located at 0.042
m with various grid resolution.
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Fig.4 Change of a reactant mass fraction in internal structure of a
detonation wave.
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Fig.5 Pressure history at the closed end by difference of reaction
constants.

Table 4 Coefficients of a fifth order polynomial of temperature for burnt gas. a) 300 ~ 1000 K, b) 1000 ~ 4000 K

(a) a a a a as a
burnt 3.8333E+00 -1.4819E-03 3.7053E-06 -2.3228E-09 4.8959E-13 -9.4428E+03

(b) a4 a a3 ay as ag
burnt 2.7980E+00 2.0034E-03 -6.8325E-07 1.1248E-10 -7.1360E-15 -9.1967E+03
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Fig.6 Histories in 100 % filling. (a) Pressure at the closed end, (b) Pressure at the open end, (c) Temperature at the closed end,
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Fig.15 Histories after 3rd-cycle operation at the open end in 100 % filling. (a) Pressure, (b) Temperature, (c) Total pressure, (d) Mass flow rate.
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