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1. Deflagration-to-Detonation Transition
2. Pulse Detonation Engine
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Figure 1- Schematics of the combustion chamber (all dimensions are in meters.)
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Figure 2- Hydrogen injection technique in the combustion chamber (Hydrogen is injected from the upper wall of the channel,
generating a transverse H, concentration gradient)
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Figure 3- The inhomogeneous transverse distribution profile of hydrogen with average concentrations of 30%6[35]
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Flame Position (m)
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Figure 4- The flame-tip position at different times in the inhomogeneous mixture with an average hydrogen concentration of 30%
and blockage ratio of 60% for computational grids of different sizes
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Figure 5- The flame-tip position at different times in the inhomogeneous hydrogen-air mixture along with the experimental [35]
and numerical [24] results, the blockage ratio is 60% and S/H=5.
@oue b 9 [YO] a2 po (225 @l JUS ) I9a—()59 )0ud (S yud bolio ;0 alad agur (Siloj CunBgn Hlogas 0 JSb

(ol STH=0 § o3 F+ il @il Slowd! Comas) [YF] a2 yo

3000 A -=-0-- EXP[35] CFD|[24] Present work
2500 -+ ' o :i:
2 ; " " :
é \ o S e o pa— -
& 2000 4+ - = = = = e e e e
3
< 1500
; D
1000 % . b o Bmo s Eme mms wm s e e mm e am s
f iy Sound speed(Burned)
500 .....................................................................
Sound speed(Unburned)
0 1 2 3 4 5

Flame Position (m)

Figure 6- Flame-tip velocity for the inhomogeneous hydrogen-air mixture along with the experimental [35] and numerical [24]
results, the blockage ratio is 60% and S/H=5.
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Figure 7- Flame-tip velocity for the inhomogeneous hydrogen-air mixture in a channel with the blockage ratio of 109 for different
S/H ratios

Gl 9030 Ve Sl Camnd 9 duoy0 Ve bawgio (59 0ud CAALE b 90— 59 0w (1K0d sl bolio 50 aled dgmsr ey =Y IS0
Gl g S/H

SGodaslpl pl jo s e Fy S Ojged alad 6 SOl (Sl zleel b oaled 15 sl Jdoay el ol o
STy 0gb o0 s (DDT) Sl a4y alads 51 JJ05 laicas a5 068 0 odnlice aleds Ll Cepu jo SLSLG oy
(VY e o mUs Tagam) ol bns caepu L UL ST s Sllasd 51 ey Lol cosgs oy e & g0y adsl Sllasd o suolx|
50 'Cl S5 Cep 5l Yoo MUS g0 auoy0 Vo lawgio cdale b Kad pué bglse ;0 Ll S15 Cas yur 098 o0 Jood
s o Sl a aleds 5l 108 dacdls solad gly wolonsl cos (o conl yiin doyo Ve cdale b (Sen bl
SEVD 5 ¥ Y0 sl SIH (sl eolal cos cpl 5o 020 0 7, X>Y 20 M) JUB mils gy o [0 wilgo 5l alals
3 see 5l e alolB g el anils (ol s DDT G ¥ Cos (sl Lol 048 oo oaalice DDT IS o o) Sen
il e 351 g
Slolile 5 aled S Ols aaie Gl Shy (aS 5 0oy 1 0) SzsS b ol G b 2la JUIS 50
JUIS o aleds (6 uSolis a5 conl oo sols las [FY-F0] souxie Oladllas ,o [Flewl b oas o U alive aleds
JUIS slao gz b oy Syl calad (655l laj 5o 0,5 a )13 Jlnd 65 3B o Dty e g sl
S0P 33 Ghigm 5 4z B Ll coge (i Y b alad (2S00l 0gd ge aiad] (650 4Y SO S5 el
Ol o (Saasl uliie aSl S oo 3k Alad (65S Db o e GRE LB (550 4 (nl 9sdge JUE slaolgy
Slaadl Cns b jlogile sl JUS 4o L) aile g o JUIS 0 DDT ailys o, cnl 5 L8810 o S8 551, oby> o

1. Chapman-Jouguet detonation

Y4



WheS (obol (lorw g pols Blez s Al ey (s dase

S, sanaSat Sl ol > 3 4Sal & 4z L ol DDT ogni 5 15 55T o (ol copalsd pae (5Tl (o5
B30 o pae oy ao o Ve slawdl cans 0 1A il ool oolainl (550 Y Culies b annlin o) Slb )0 Comday
Sod o S, G2 0 [FALLKen 5 9305 098 o0 oanlie SBWS sl Yol a5 el (55,0 Y
SR asllhas 5590 1) @le gy JUB )3 DDT sl )0 (63,55 2 slape Sod Lawgs oalisbml (55,0 Y 5 o0l Saie
Sogile sl JUI o ol 136 Ll eojls mile 90y sl JUS ;0 DDT g48g ;0 st (il (§)p0 4Y a5 038 S odalive g oold
S legwl C8s 5 6,80 o P g Ve slasladl Cos jo C IS ganaSl 1) g ol oS

ol )5 18 ) Sjg0 w0y Ve sl Cod sl alad ager Ze w65, 2 Blse abols 36 A S s
&lgo 5l el joe Silo a5 o)l Slug 5,L8; Jlomile JUI ;0 oui pFOlil alad Cas juo 05 o0 0daline a5 4565 \lon
50 el o 0y (5 Jly sbraisls lylo (Y USUE) oo Ve slavdl cael b wilge gl ey Slilugs ol Ll
3 omse 5 o 5 Mo G Syt ol o gl 2015 5 oy (Kbl s obojl Jo waile S s3ee oo
| aled et 2015l o 8IS ol claie i Il 5 o2 sl o aled T bl Jowr ool
Elye 51 S5l Slars goe Sl BT 0 a5 0 oo joee ladhate (y,0 5l Al a5 3l medgs 8 S jpein Gl
o908 3l o Sl (aleS )3 45 358 o0 oaalie (ppizen sl o 4 035 b e Glo g 0ud 05 i
Sl DDT 5 ools 7, SLSL oy G ads o, 4 aled Halojly § B gw OV game Ggo oy jl dad Cop
B g oopm, (4l 5 5o YV oo Togum) 055 sl Cat o & S 5l o brdls oled jo 428,5 IS8 S5 zge o8] o
SIH=2 L JUS 9,0 &lge oy alold ials L o2dl> ] 10 068 oo piiie Co o Hlod b JUI mile 90y Cond slocis]
;o DDT slaz, (86 S/H=10 24 5 )lse cdel gl Sl ol oy IS allas .08l oo 3ls] 5095 DDT (yloj 5 oS0
Lol ool F, (X <Y M) JUIS jloaile Caand

3000 o S/H=10 S /H=5 S/H=3.75
——S/H=3 ——S/H=2.5 S/H=2
2500 o
E eoed
2000 - = = = = A = == == = - = - - -
£
E 1500 o
o
> |
% 1000 + - + AR e s e s e s e e et = =
=

500 -

Flame Position (m)

Figure 8- Flame-tip velocity for the inhomogeneous hydrogen-air mixture in a channel with the blockage ratio of 30% and different
S/H ratios
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Figure 9- Flame-tip velocity for the inhomogeneous hydrogen-air mixture in a channel with the blockage ratio of 60% and different
S/H ratios
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Figure 10- Temperature and pressure contours in the downstream area of obstacle #16 for the inhomogeneous mixture of hydrogen-
air in a channel with the blockage ratio of 10% and S/H=2
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Figure 11- The temperature contours in the area around the obstacles for the inhomogeneous mixture of hydrogen-air for S/H=5: (a)
blockage ratio of 30%, and (b) blockage ratio of 60%
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Figure 12- The temperature contours in the area around the obstacles for the inhomogeneous mixture of hydrogen-air for S/H=3.75,
(a) blockage ratio of 30%, and (b) blockage ratio of 60%
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Figure 13- The temperature contours in the area around the obstacles for the inhomogeneous mixture of hydrogen-air for S/H=3, (a)
blockage ratio of 30%, and (b) blockage ratio of 60%
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This paper aims to numerically investigate the effect of blockage ratio on the mechanisms governing the
deflagration to detonation transition (DDT) in inhomogeneous mixtures of H,-air. The study combustion
chamber is a closed rectangular cross-section channel with obstacles that have been studied in three blockage
ratios of 10, 30, and 60 percent and at different obstacle spacing. The present numerical simulation was
performed using the SST-K-o turbulence model and the combustion model of the Weller flame wrinkling and
the HLLC method was used to shock-capturing. The results show that for the 10% blockage ratio, the onset of
detonation occurred in the unobstructed part of the channel and for the blockage ratios of 30% and 60% DDT
occurred in the obstructed section of the channel. The mechanisms governing the DDT process change as the
blockage ratio and obstacle spacing change. The Mach reflection from the lower wall of the channel and the
formation of the reactive Mach stem, the reflection of the Mach stem from the wall of the lower obstacles,
and the reflection of incident shock from the wall of the upper obstacles are the most important governing
mechanisms observed. The results also show that flame acceleration and the occurrence of DDT in the
channel occur faster as the blockage ratio increases. The fastest onset of detonation occurred at the blockage
ratio of 60% and the space to height ratio of S/H = 2.5.

Keywords: Deflagration-to-detonation transition, Inhomogeneous mixture, Reactive Mach stem,
Blockage ratio
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