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1 Introduction

Various schemes have been proposed to control at#os in detonation-based engines, among
which the rotating detonation engine (RDE) may levsuitable for space launch application due to
many advantages compared to other concepts of ateionpropulsions. In RDE, it has been
confirmed by experimerits! that a steadily rotating detonation can be estaeti in an annular
combustion chamber, which implies the distributiofigshe detonation strength along the detonation
front are of ununiform. The fundamental questioentfarises on how the rotating detonation can be
self-sustained.

In Ref [5], the experiments were conducted on tewmhtion propagating in a locally curved
channel and a pipe with a bend, both expansiorcamgression effects of locally curved walls on the
cellular structure were concerned, which can Ibaddetonation to propagate or to fail. The numeérica
studies were also carried out to identify the effexf curvature on the rotating detonafirbut only
the compression effect by the curved geometry veasidered, which causes the detonation to be
overdriven. However, these previous works can ee¢al the self-sustaining propagation mechanism
of rotating planar detonations exactly. In this graghe flow features of rotating detonations ie th
annular chamber are investigated experimentallyramderically, and the self-sustaining propagation
mechanisms are examined.

2 Experimental setup

The experimental setup shown in Figure 1 consi$tslatonation tube, annular combustor and
detonatiorvent. A steady detonation is created in the detonmdatbe with a rectangular cross-section
of 30 mmx15 mm and length of 2085 mm. The annwankwstor with same rectangular cross-section
connected with the detonation tube as a test sebigan inner radius of 85 mand an outer radius
of 115 mm, The detonation vent used to prevent dis¢ortion of the cellular record from the
environment is connected with the exit of the sesttion and sealed with a thin paper on the opdn en
Eight pressure gauges (P1-P8), grouped into fous,p@re mounted flush with the inside wall of
the chamber as shown in Figure 1(a). One pair oges (P1-P2) are placed on the detonation tube,
near the entrance of the annular chamber to motii®rC-J detonation and the rest of gauges are
placed on the upper, outer and inner walls neaexiiteof the text section respectively, to monitos
rotating detonation in the chamber. The peak presand the propagating velocity of the detonation
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thus can be measured and compared to that of ddfedation measured near the chamber entrance.
In addition, the smoked foils are also mountedhentiottom of the annular chamber to record cellular
patterns.

A stoichiometric hydrogen/oxygen mixture dilutedthwargon {H,/O,/Ar=2:1:3) at an initial

pressure of 85KPa and 280K is used as a combugalsléen experiments.
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(b) Schematic of experimental setup
Figure 1. Experimental setup

3 Physical and numerical model
3.1. Governing equation and numerical method

The two-dimensional chemical non-equilibrium Eudguations in non-dimensional and generalized
body-fitted ¢,77) coordinates are given as
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Hereu andv are the velocity components in the physicalyj coordinatesp is the density of the

mixture,pzzlt':lpk , P = PY, Yeis the mass fraction of tHeth speciesp is the pressurek is the
total energy per unit volumg,= pzlt'lekq( +,0(u2 +v2)/2, whereg is the internal energy of theth

species per unit masay, is the mass production rateloth species, which is expressed as
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3.2. Computational model

The spatial derivatives of fluxes, G in Equation(1) are integrated by the fifth-ordeeighted
essentially non-oscillatory (WENO) schéfhevhere three candidate stencils are used and wieen th
function has a discontinuity in a stencil, the esponding weighw, should be essentially 0, to
eliminate the spurious oscillation near the disecwritly in calculations. The second-order additive
semi-implicit Runge-Kutta Methdtis employed to discretize the time term and trbadstiffness of
the chemical source terms.

The computational domain is shown in Figure 2. Téfeand right sides are connected by the
periodic boundary conditions. The inner and outedlsvare considered as slip, adiabatic solid
conditions defined as
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Figure 2. Schematic diagram of computational domain

A detailed chemical reaction mechanism with 8 scand 48 elementary reactiBhgs
employed and thermodynamic data of species caourelffrom the JANAF tabi®.

4 Results and discussion

Typical pressure signals recorded by P6-P8 are showigure 3, from which the pressure peaks and
the propagation behaviors of the detonation camldiected.lt has been found that the detonation

rotates steadily with circular velocityw=1.68 5 based on the measured velocities of the
detonatiorD,,, =1728.5n 6, D jsq =1483.5n $ andD,,,, =1252.5n 6, whereD_ o , Dyigdgie @Nd Diner

are the detonation velocities measured by P6-P&R4and P7-P9 respectively. In addition, the
pressure on the outer wall of 2102kPa is highan the pressure on the inner wall of 1693kPa.
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Figure 3. Pressure histories record by P6-P8
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Figure 4(a) shows the measured cellular patternstating detonations. It is observed that the
cellular size near the outer concave wall is smadtensiderably than that near the inner convex wall
and the detonation front is continuously realignitsglf to the local channel axis, to maintain the
detonation steadily propagates with a planar friotat the azimuthal direction.

It is well-known that the transverse wave emanafiog the triple point in Mach configuration
propagates laterally along the detonation frontpsuis the main detonation wave and gives the
cellular structure. The natural transverse spaisimglated directly with the cell size and influeddy
flowfields and strength of detonation. The walleets existing in the annular combustor can change
the flowfield and strength of detonation and thharge the cell size consequently. For example, near
the outer wall, both the lesser extent pressurecefflue to geometrical compression and the
overdriven due to Mach reflection lead to the daseeof cell size as shown in Figure 4(a). The
calculated cellular patterns shown in Figure 4(tg) ia qualitative agreement with calculated results
shown in Figure 4(a).

(a) Measured (b) Calculated
Figure 4. Smoke-foil records written by triple skedn rotating detonation

Figure 5 is a calculated schlieren graph of presatiia selected time, where the shock fronts and
transverse waves are described sharply. It careée that the transverse spacing, which is related
directly with the width of cell, decreases alondiahdirection and the fronts of transverse wawe ar
inclined to the inner wall.

The shadow graph of Hnass fraction is shown in Figure 6, where the lblae represents the
leading shock front. The induction zone formed hdhihe relatively weak leading shock near the
inner wall is larger than that near the outer wathereas the burning pockets penetrating into the
burnt region can be detected, which depth decredseg radial direction. Therefore the reactioraare
near the inner convex wall is wider than that nisar outer concave wall, and the strength of the
outside detonation front is stronger than the mgidrtion

Shock front

Burning pocket

Figure 5. Calculated schlieren graph of pressurigure 6. Shadow graph of Ifhass fraction
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5 Conclusions

Both the experimental and numerical studies onrdgion propagating in an annular cylinder have
been presented. The wall effects existing in theukm combustor influence the flowfield such as the
transverse waves and strength of detonation, widalds to that the cellular size near the outer
concave wall is smaller than that near the innever wall, the reaction area near the inner wall is
wider than that near the outer wall, and the stren§ithe outside detonation front is stronger tties
inside portion. Therefore the effects of the comcand convex walls permit a detonation to propagate
with a constant circular velocity.
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