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Numerical study of a detonation wave structure in annular chamber
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Detonation engines are expected to be used as propulsion system in aerospace applications in the future.
Received 06 April 2016 Several types of detonation engines are currently under examination, including the rotating detonation

Accepted 25 June 2016

Available Online 06 August 2016 engine (RDE). In this work, the feasibility study for design of a laboratory sample RDE which has an

annular geometry with diameter of 76 mm has been performed. In this sample, hydrogen and standard

air are separately injected into the combustion chamber of detonation engine. First, numerical studies

Keywords: A . . .

Ro)t'ating Detonation Engine are validated comparing the FLUENT results with the experimental ones. Then, the geometry and
Rotating Detonation Combustion Modeling equivalence ratio of injection mixture are investigated parametrically. Considering the negligible
Geometry Design of RDE variations of thermodynamics parameters in the radial direction of flow field to reduce the

2D simulation of RDE computational costs, also a 2D model is used for numerical simulations. Three different equivalence

ratios were employed. Results show for the case with the equivalence ratio of 1.2, detonation speed,
pressure, and temperature behind detonation front is more than the equivalence ratio of 0.8. Also,
maximum detonation speed and pressure behind detonation take place in stoichiometric conditions. The
parametric study of the chamber length effects was also conducted using a length 0.5 and 2 times of the
main chamber. Because the chamber outflow is subsonic at some regions, chamber length change has a
significant effect on the engine performance and flow field. The results point out that increasing the
chamber length in low injection pressure and high injection pressure leads to increasing and decreasing
the height of detonation front, respectively.

Ol ysige (Seeludge s a2 1osd ale 99 ooliiwl (B laie e slaol, doddo -1
el gy BB iy SBs gl 4y pideis Bl 5l eslail b Gas a oyl SLIS aol58l aSuiloass, o 4 a0 ST, 5 co slagige
Sl boslpst el s G laas a (L)......uy\)) Sl 5l ool 05,500 Gl el lais s Slge slo al)l Sgpe b g Sy Dldlol aliwg

Al ptegs a3z Sl oad sl e il 0 Shes e STl alagise iz (Sl 003k 50 alaxdle BB il G 4 o,

Please cite this article using: “awbod 03wl i3 @yl 5l dlis opl @ gla ) (1
M. Farahani, M. Badrgoltapeh, Numerical study of a detonation wave structure in annular chamber, Modares Mechanical Engineering, Vol. 16, No. 7, pp. 343-352, 2016
(in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.7.31.6
https://mme.modares.ac.ir/article-15-10228-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.7.31.6 ]

A5 S )3 Joxe 9 SRS Joxo

Soila lalbaze S (iigi s Zge Jlialw s33c dasllbe

oAb |y G5 aigis Camle sl sl sl (o) Glaseils
5 SoiS e e | ead €85 o Se 4 azgi b [5,4] wos
CS o gl s o 3 Hiigis 45 el sud Sl JE> LolS
S

b ot Slapiaigis ()25 S0y g, Cépin o gl
a3 sod ) 3l ol alaize (950 Gl Ghee 5l (Bl hrog (i 2
olidss 0 JB sl 00,8 5 ¢ly wose olidss T3l cplply
adgl lidss by oliie [8-6] ol oo pll «petans Cpivigis
pll ooz i gis Gl ygige o) ;o |y (Sluwlre DVl Sliys
7] wlosls

ST g Cigu b B35z phaigis sgise S o] (gileand 5o
odise BF Shegc JU 4 ppme Dygo o il Sy ealiS
PB gl wsls sl Joo SOl ookl b el a3 F 1,8 ooliiwl 090
55 n S o S s el s L S S g 5598 S
WS e OS> S8 pesly Sy b a5 sisgis oS ol las ol
D9l Il sl 3l abie Sy e wlss e

@ a5 o plxl e luieiils ey oo slalS dalsl o
A e iades 95 Sl b 252 HEsigis y5ise S halesl s c L
9]

e g3 5 78 Qi ragh (nl 3 oy 90 Wl
S e ey L g (LA > eddgis slaygise oL
0l e

0,5 0 g (B3 G by, ol Sldllas o5 el
B s b 25 e sl ygige oS 5 Sldllas (nl ol Suas
0hy g Bras Ll JasllS gy5se plyn & laisSa wile
Sole 4 055] Cawoay ol pled slran e 5 gady sleoan VT wlal
slygise b olidn Guygi g Gliml adbize Glady jew S Ko
Pedse (Nl (i3, piei

(S s §lpel dhime (b 4l L) cnl o cnlple
A Aol jo 0l aB sy, canlio 4855 piiasw 5 J 0S5 500 posls piucew
e ibeans b, o Sl Sl wessls l3ble s Ko
oddy 4 S (JSLD U b el o852 Gidigis dbize ol
...x,‘,'l Cwddy sy plalghd

S RS oy 938 53 b gl sl el plail gy
Cebld g dgzge UL b el (glawain g ad)S 18 o) 990
B3 i 5 peiess JU (B yudd i ) gwie Dl sS o) 2
Ol Olee ilaand Geizes . Ceul o slonl eaiiSanST 5 S g
JRle SeS (L2552 Ganisis sy po JLad LRI L ol e (12
5 00dd 5155 Md o)l Slalllae 4 dxgi b aS ol oas plowl cusld
@ ST iy ol o 485 &jge L3 Slidss wibee wos SLlS
ol pgars Silealns SVl Saliys Jl33le 5 5 (5308 slaaS aliuss

Ll 00l

b Yol 9 (Sdue 9y -2

(S pladeid 3l ] £gbee boad plil (goue g JLdow Dldllas o

® Chapman-Jougeaut Velocity (Vg)
" Computational Fluid Dynamics (CFD++)
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! Standing Detonation Engine (SDE)

? Pulse detonation engine (PDE)

® Deflagration To Detonation Transition (DDT)
* Rotating Detonation Engine (RDE)

® Continuous Detonation Engine (CDE)
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* Large-Eddy Simulation (LES)
® Vorticity

® Dissipation

" Small-Scale Structures

® Sub-Grid Scales (SGSs)
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! Richtmyer-Meshkov Instabilities (RMI)
? Kelvin-Helmholtz Instabilities (KHI)
® Half-Reaction Zone Length (HRL)
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Fig. 6 Comparison of experimental [9] and numerical results for
pressure variations at the outer side wall 15 mm from the inlet
boundary
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Table 4 Detonation wave parameters for different equivalence ratios
Pstaic (bar) Tstaric (K) Uget (M/s) Dmix

20.29044 3271 1250 1
18.93272 2960 1132 0.8
19.53543 3232 1210 1.2
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