352-343 oo 7 o )loud 16 093 1395 e ()0 Suilo (w iy Alxo

gy ele dolinle =
—b;
< . -Eh i
W Sl (qwiigo = &
= LI\
mme.modares.ac.ir U‘TQ/;‘{;:%,

Seil> (Slakaxo 30 (panigid g0 sl (Soue adllae
24938 yus wane ¢ | LAl sane

Ol iy xio olKils Liadlgn wige bkl =1
QI)@' oy yls Jaio oKl &Aél}.&: PRV ‘d):fi dyd‘u") -2
mfarahani@sharif.ir 11155-1639 s 940 (olps *

saSs dlis SleYb!
Cot pol Jb ) g (laygise I e gl 0,8 8 aladlgn ladlidy dtus > Sh5E (lbygise oxtl ) 39 00 st b otngs, e
5 siacske 76 b & (sl awotin b o] ML 85905 K4 o ingh ) 2 85 S (i e s Sl ki (g 1999 s i
GoF o Byl daime b 4 alblis Sygot 3kl Gsp g ofsrien Je opl 0 b erlSel szebke 101 Jobo 1395 5., 16’;@)”::;)“'
Awdin o 09 by e J b e gy (resliiel bl adl e eled loa ol g (50 Cygod Cogw ol Nigdioe o155 I8
b s 3l iy bsle (55)ob a3 (g 5 Sty alln & g el 205 plonl (25 5 | sl 5 4lin 5 i e
Adids (gnzgd Jdo 5| ¢ lunle (glad o gl g abaize by e elai slinly )5 (Seelidgeys (slayiel)l b ol 4 av g Sy ol 3l il e
slod g 5L (puideid sy 45 05 odnlie wilitee (65)lod o dw gy b ol o o3l (e3ae (gjlwdnd ca 0ld o)k S (P e dwtin (2l

o > gy Cudy HUid g Cphiighd Cas g At iomen 3be 0.8 clls 5t 1.2 65)leh cu d Cphiigid oo Culy R OAIP 9y g Siland

5 ot oS bl 5 as eolisal Lol abaise Jade plp 2 0.5 cops ) daize Job @l oy Can A5 otalie S jiagS gl
o sl ol 1 Sl @l 2)b Gl il 5 j5ise 38kes » (aag HB S g it sl Sgo g0l dlaime (28 (b2
e der gl Sl cage b 55 )L 3 g e der fW) LRI cage Gl B F b > e b il

Pgdso

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.
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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

7 Small-Scale Structures

® Sub-Grid Scales (SGSs)
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Table 1 Comparison of one-dimensional detonation properties at
different grid scales

Pstatic (bar) Tstatic (K) Uget (M/S) (mm) Jslos ojlail
18.01 2904 1110 05x1
20.29 3271 1250 0.25 %05
20.32 3276 1252 0.125 x 0.25
20.37 3284 1255 0.0625 x 0.125
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Fig. 5 Initiation strategy for 2D case
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3. . Experimental Data [9]
Present Work (Air - H,)

Pressure (MPa)

Pressure (MPa)

A

3 35 '
Time (ms)

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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Fig. 7 Static temperature contour at different times
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Table 3 Injection pressure and injected mixture properties in numerical
simulation for various equivalence ratio
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1.52029 418.85 1.4076 1.2
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Table 5 Detonation parameters for different chamber length

PStatic TSLatic Udet u,....e_ys.’,‘o al.m)l alhdzo J,Jo

(bar) (K) (m/s) (mm) (mm)
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20.29044 3271 1250 19.741 101.5
21.58263 3465 1420 21.667 203
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Table 4 Detonation wave parameters for different equivalence ratios

Pstaic (bar) Tstatic (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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