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3-D simulation of rotating detonation wave in combustion

chambers without inner wall
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Abstract: Based on summary and analysis of existing results and conclusions on rotating
detonation wave in annular combustion chambers, an alternative model of chamber for rota-
ting detonation engines was presented. It has no inner wall. We utilized one step chemistry
kinetic model together with the Eular function in three-dimensional space to testify the possi-
bility of continuous rotation. The simulation showing that the detonation spontaneously con-
verged to a propagation structure of two central symmetric detonation waves. Under the
present condition, the mass flow could reach as large as 450 kg/m®s and the fuel-based im-

pulse was 1900s, which is 5 percent lower than that in the annular combustion chamber.
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Fig. 3 Overlapped grid system

Fig.4 Interpolation of overlapping grid points

4 , c”

4 .o c’ U
", ' 4 |C"A |,
|C’B|.|C"C|.|C"D]. S.S..5,.S:,

4 IS,
L
IS: = s,+e/2 S,1+e
Gi=1.2.3.4) (3)

UC") = IS, XU(A) + 1S, X U(B) +

IS; XU + IS, X UD) (4)
3
3.1
s t:6OO
s . 5 6
S . ’

5 845,850,855,860 s
Fig. 5 Pressure at t1=845,850,855,860 s

6 845,850,855,860us
Fig. 6 Temperature at 1=845,850,855,860 s

. 1=0~700 ps.

1,2,3.4.

t:180‘uS s ’
1,2,3,4.



796 28

0 , i I : r=5.8cm,0=0,z=1cm,
oy D) ‘ lem A
v - f , D 9 , 10

7 180ps
Fig. 7 Coupling map of pressure and component

contour at =180 us

9 A

Fig. 9 Position of monitoring point A

2
8 700 ps 4 H
Fig. 8 Coupling map of pressure and component
contours at =700 pus § 3
E
’ £ 2
( ), ‘ Mw | L
‘ VU UL
, , A M | BN P AP LA I B A
0 200 400 600 800 1000 1200 1400
Time/ps
, 1,2,3;
D4 10 1=0~1360ps A
Fig. 10 Pressure change at point A during
’ ’ t=0~1360 ps
N , 10 s t=0~400pus
. , 1= 200~ 340 ps
,  t=T700ps ,
, , s
N A . 10
. 8 . B, 12 ,
=700 pus , =830 pus, f=14458 H.
, VA
s s 2650m/s.
6 cm s 11 12 t=1300ps 2=0.2
s cm ,
L 1=700 ps s
1.5cm . s
A, ,

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



797

RDE .
13

42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8

6

4

2
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