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1. Deflagration
2. Pulse Detonation Engine
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Figure 1- Schematic of RDE combustor([2]
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1. Continuous Detonation Wave Engine
2. Rotating Detonation Engine
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Table 1- Initial condition for different parameters in numerical simulation

Based on Ref. [29] Based on Ref. [33]
Region T P Composition Composition
Region 1 300 K 1atm 100 % products 2H;+ N,
Region 2 300 K 1atm 100 % reactants 2H;+ (0, +3.76 Np)
Region 3 Tea Pc.s 100 % products C-J composition
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Figure 7- Frequency of rotating detonation phenomenon inside the chamber for different periods
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Table 2 - Comparison of the results of the present study with the results extracted from the equilibrium code [38]

C-J parameters calculated Present Difference
by [35] study (%)
2.072 27 %
Pmax (MPa) 1.5085 2.846 47 %
Tmax (K) 2956.1 3012 1.85%
V (m/s) 1979.33 1935 23%
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Figure 11 - Temporal variations of pressure inside the chamber for a specific point- Validation simulation with exprimental
work [12] and numerical works [34] and [41]

&2y gous i g IY] a2 o (Al lojT @l b juolo )5 gl (oo Lkl aliiomo (3,0 HLid (Sloj ol s —1) S5
[FV] 5 [YF]

S 32 @l o abazo o Slos 2U 3
I¥]0 )8 oolictal o5 b ployiall ) Glgoo (8552 ST slaygige 3 Shae 2l jslaress

1
m'' = f pu,(r,0)ds,(r,0) )

Aexit

79 ok o (@20
m= fpuz(r,H)dsz(r,H) QD)
B 5 L3 sleelgs g9, p (wSke JLid

_ 1
B, = Zf B, dA (o)

GBlyil alhazo 059 pudlioy)]

1
9, (pu(r,0) + p(r,0))ds,(r,0)
= Agyit MAexit 0%

sp
L, pu,(r,0)ds,(r,0)

exit

Aexit
alrds 6‘;} NG PV TN (5>9)'> Glaw > \:A.C}VJ )‘Q).g JLAJJ ¥ Uz g alhass ‘5>5).> Claw Aexit ‘Jaa.‘g) (_}1’.‘ 5o

ol 0l GII Y Jaa jo i > ST alaass (60 Slos 5o il ol iaghy
iz Sy aaase o Slas a5 598 0 oanlice g bl b abaly ;o [FY] 2 j0 o ool | slacl 4y axg5 b

).u.:.) l) U‘?"LS‘O 4.».».” as ..\.QOLSA 4\5‘)‘ ‘) C;H..:L..A O)S.LQ.C as O)ju;;o )‘)5 ..\.AL> V\.’>9.....' u‘).MMJ (_gl.éw 00gdte 4O
.obe%bsﬁéﬁé‘)b\d.ﬁ&ae)m&bmdbﬂblﬁ

AY



Olo Sl (i g (282 dezo e Lo e

ol gy sy Sy aldize 69 ,Slos b yol )l - Y Jgus
Table 3— Performance parameters of rotating detonation chamber for present study

Combustor area 0.001492 m?
Mass flux at outlet 398.42 kg/m®.s
Mass flow at outlet 0.5945 kg/s
specific impulse at outlet 1762 m/s
Average velocity at outlet 1185.83 m/s
Average velocity along z-cordinate at outlet 1115.68 m/s
Average velocity along x-cordinate at outlet 167.59 m/s
Average velocity along y-cordinate at outlet 86.8 m/s
Average angle of velocity at outlet along z-coordinate 19.94°
Average angle of velocity at outlet along x-coordinate 81.95°
Average angle of velocity at outlet along y-coordinate 85.81°
Average temperature at outlet 1920 K
Average presseure at inner surface 3.55 MPa
Average presseure at outer surface 3.62 MPa
Average temerature at inner surface 1872.85 K
Average temerature at outer surface 1900.87 K
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Figure 14— Contour of pressure on the middle surface of RDE chamber
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Due to the higher efficiency of the detonation wave compared to the deflagration wave, in recent years,
attention has been attracted to the use of detonation waves in engines. For this purpose, various engines such
as pulse detonation engines and rotating detonation engines are proposed. Because of the better performance
of rotating detonation engines, the purpose of this work is investigation of detonation propagation wave
inside the rotating detonation engine (RDE) chamber numerically and with a three-dimensional approach.
The purpose of the present work is investigation of the propagation of the detonation wave inside the rotating
detonation engine (RDE) which has been done numerically by considering three-dimensional approach. For
this purpose, Navier-Stokes equations is solved with taking into account energy and species conservation
equation for the reacting flow. Because of high computational cost, a one-step global chemical reaction is
used. The results of the present study are compared with the results of the Chapman-Jouguet detonation wave.
The results show that there is a good agreement between the temperature and wave velocity. Also, according
to the simulation results, the structure of the detonation wave was well extracted. After creating the initial
condition, the detonation wave is created and starts moving at a certain speed. In the following, the
performance parameters of the present chamber are examined in order to be used in turbine engines, which
shows the remarkable performance of this type of chambers.

Keywords: Rotating Detonation Engine (RDE), Numerical simulation, Hydrogen-air mixture, CJ detonation
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