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1 Introduction  

Gaseous detonation is a supersonic reactive wave, dynamics of which is mainly affected by the shock 

curvature [1] and its unsteadiness [2, 3]. In the case of a steady detonation, several physical mechanisms 

such as wall boundary layer growth, lateral product expansion (see [4] for the common flow description 

of these two canonical configurations) among others, will curve the mean leading shock and induce 

detonation velocity deficits and may cause extinction. Radulescu et al. [5] have related the shock 

curvature to that of particular channel, drawing of which followed that of an exponential horn. On the 

contrary of these divergent flows, the detonation wave can develop a Mach stem when the shock wave 

bends over a concave surface [6, 7]. In practical applications such as in an annular channel rotating 

detonation engine, two radius of curvature are present: one is related to the curvature of the combustion 

chamber [8], and the second is due to the product expansion [9, 10]. Xiao et al. [11] have also recently 

analyzed their experimental in a narrow exponential horn with two radius of curvature: one related to 

the geometric channel expansion, the other related to the boundary layer growth.  

These two latter examples call attention to the possible combined effects of each of the two curvatures 

of the shock surface, and to a lesser extent to the confinement curvatures, even if they should not be 

confused. The detonation propagation in a tube is well-documented [12]. In the case of an elliptical tube, 

two generic curvatures are present. Lui et al. [13] reported results on detonation transmission through 

orifices of different shapes. The present study reports some experimental results on detonation 

propagation in an elliptical cross-section tube, with mixtures of increasing irregularity: 2H2+O2+N2, 

2H2+O2 and CH4+2O2, for initial pressures ranging from 12 kPa to 100 kPa. Section 2 presents the 

experimental set-up and methodology, and section 3 presents the soot-foil recordings obtained for one 

ratio of the axis lengths (r=½) and the associated discussions.  

2 Experimental set-up and methodology 

The experimental set-up is a detonation tube that consists of two main parts, namely the circular cross-

section tube and the elliptical cross-section inserted inside the latter at its end. The latter was designed 

with the help of a 3-D printer. The aim was to generate a detonation wave at one end of the circular 

cross-section tube that propagated steadily before entering the elliptic section, in which the detonation 

then readjusted itself to the new geometry, according to the initial pressure.  The circular detonation 

tube is 4-m long and its cross-section inner diameter is 52-mm. The elliptic section is 0.5-m long, and 
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the major axis and the minor axis are 50-mm and 25-mm long, respectively. The ration r of the axis 

lengths is then equal to ½. Figure 1 shows a schematic of the experimental set-up.  

 

 

Figure 1: Schematics of the experimental set-up. 

 

 

Figure 2: Elliptical cross-section tubes (left) coated with aluminum so that to deposit soot for detonation 

cell recordings. Semi-circular soot-foil (right) to characterize the detonation in the circular cross-section 

tube before entering the elliptic section. 

 

Two series of experiments varying the initial pressure 𝑝0  were done for each mixture: one for the 

reference states without the elliptic section, and a second one with the elliptic section inserted inside the 

circular tube at its end. Soot-covered semi-circular foils (Fig. 2) positioned at the end of the tube were 

used to record the structure of the detonation cells for the reference circular state. The elliptic section 

can be opened into two parts to allow deposit of carbon soot, in order to observe the cellular detonation 

structures. The detonation in the tube resulted from the deflagration generated by the spark of an 

automotive plug, and transition to detonation was then obtained by a 1-m long Shchelkin spiral 

positioned immediately ahead of the plug. The set-up was vacuumed before injecting the premixed 
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composition prepared in a separate tank using the partial-pressure method. Two Kistler 603B pressure 

transducer (1μs response time, 300 kHz natural frequency, each coupled with a Kistler 5018A 

electrostatic charge amplifier with 200 kHz band width) were used to check that the CJ detonation 

regime was achieved before entering the elliptic section. The reactive gases were the stoichiometric 

mixtures 2H2+O2+N2, 2H2+O2 and CH4+2O2, for initial pressures ranging from 12 kPa to 100 kPa 

initially at 𝑇0∼294 K. There are characterized from regular (2H2+O2+N2) to irregular (CH4+2O2) 

according the usual characterization of detonation-cell regularity. 

3 Results  

a) 

b) 

Figure 3: a) Detonation deficit for 2H2+O2+N2 as a function of the initial pressure in circular tube. b) 

Cellular recordings for different pressures for circular (top) and elliptical (bottom) tubes.  
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a) 

b) 

Figure 4: a) Detonation deficit for 2H2+O2 as a function of the initial pressure in circular tube. b) Cellular 

recordings for different pressures for circular (top) and elliptical (bottom) tubes.  

 

Figures 3, 4 and 5 present the non-dimensionalized experimental detonation velocity by theoretical CJ 

detonation velocity (Dexp/DCJ) as a function of the initial pressure p0 for the mixtures 2H2+O2+N2, 

2H2+O2 and CH4+2O2, respectively. They also show the soot-foil recordings for circular cross-section 

(top images) and the elliptic cross-section (bottom images) for initial pressures ranging from 12 kPa to 

100 kPa. 

The first main observation is that the ratio Dexp/DCJ decreases with the decrease of p0. Moreover, the 

detonation velocity decrease is smoother with the mixture regularity. As the detonation velocity deficit 

increases, the cell size increases. This can be clearly seen for 2H2+O2+2N2 between 12 and 20 kPa, for 

2H2+O2 between 15 and 40 kPa and for CH4+2O2 between 12 and 50 kPa. Secondly, the cellular patterns 

show that the detonation-cell mean width is larger for the elliptic cross-section than the circular cross-
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section, for the same initial pressure p0. Moreover, the head and tail of the cell have a clear tendency to 

be locked at the vertices of the ellipsis, as the pressure decreases and losses become prominent.  

The stoichiometric methane mixture has shown some specific features (see Fig. 5). In the circular tube, 

a classical substructure is present near the apex of the cell (see Fig. 5 at 12 kPa). It is still present to a 

lesser extent in the elliptical section. At 12 kPa, between 1 and ½ cell detonation can be seen in the 

circular case. What was more remarkable was the presence of repeating sequence of extinctions and re-

ignitions of detonation that can be inferred from the absence and presence of cells at 12 kPa in the 

elliptical case.  

a) 

b) 

Figure 5: a) Detonation deficit for CH4+2O2 as a function of the initial pressure in circular tube. b) 

Cellular recordings for different pressures for circular (top) and elliptical (bottom) tubes.  
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4 Discussions 

Experimental results of detonation propagation in circular and elliptical tubes have been performed, for 

three different mixtures, of increasing regularity. The ratio of the minor and major axis was one half. 

Detonation velocity deficits in the circular case have been obtained, as the initial pressure was decreased. 

The cells were larger in the ellipsis. Even if the detonation velocity could not be measured due to 

experimental limitations, we can infer that the reduced radius in the minor axis played a key role in 

enhancing the losses. The cells seemed to be locked in this axis. In the more unstable case, the presence 

of a repeating sequence of extinctions and re-ignitions of detonation has also been observed in the 

elliptical case, mechanism of which is not yet elucidated. It is hoped that speed measurements will be 

provided for the elliptical cases as well characterized propagation limits 

There is a need for more results with different ratios of the axis lengths, and relate the different 

phenomena to the velocity deficits, with a possible effective mean radius. 
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