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1. Scramjet

2. Cavity

3. Backward facing step
4 .Wedges

5. Plasma Torch
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1. Cavity

2. Barrel Shock

3. Bow Shock

4. A Shock System.
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Figure 1- Flow field induced by transverse injection in supersonic flow
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Table 1- Chemical composition of injected gases from injection slot

Chemical component Mass fraction
H 17e-9
H2 0.0904
H20 0.232099
OH le-9
N2 0.6775
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1. Sonic
2. Favre-average.
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1. OpenFOAM

2. Total Variation Diminishing (TVD)
3. MUSCL Limiter.

4. RANS


http://www.sid.ir
http://www.sid.ir

Celorai 3ol 5 oS 51 e

chw ln g OB Lyd Xy axio @lp ol Bl A5 (e w088 gl 35 9 Gy Ak 3y i LS
G995 Sod Sz pas 4 by Sl S el oad Jo Sundg 93 50 aliese al QLTSI Gl llys (YL
ol (s o) +F 0 abais 5,55 o b ol olasel 5,95 15 e g 8,10 0539 (59,55 S S0 > jo el

Sbyz Jsl a8 5o sl onds solawl 8 a l dlivse slacdl 51 S o sl qgooe Jo ML 4 4z g5 b
5 i aY Sl nl o twl ead Jo (Joke e waSh 30> 50) Sub s aSLh S0 65 9 bt STy e
Olyieds 4l am pud ;0 098 o0 JoSi5 095 I (LBL Sed g (omie Sed Ll g oadi odaline () 4 g slaosyy
5 ol Seb g i Y (e ol jo il oad i85 s (Johe arkee S 0gax 50) ) 4SS Sy Ayl ba
Sybay aSd slaJobo slal cenl ol Jo (L25STg e O g0 Ly (Olizres aldl il saalie BB 252 Sy
O3 30 635 sk (S Cel @Y YT s bgiye by ()85 (sl gdioe sy i Ao Bybay 5 Gay Jove
W5 s adgl b laieds d5d led (g5, b Cannd sloclsz 5T Al e o bl e e </ 10 o5l gl lo
g el 00l ST Joa 50 Glizes slacdl> (o ool 550 4l ol 09 o0 S iiSTly O jsods lawe g 0uls
i b iy 4 (59, altes (ASTy (e 5 63,55 0 Sob ek S e @aSd sl ) Cler Pl (o)
4 boryo gl alie (Jou8 BB 0> B X jomme (59, )Lid gjes wb (aseies @l duslie b ool o 5 Jolo VOPVA- -
el Jobo AYYVYA L oSt

ooy Gilio Jorla 55 4 glaJghes ol ¥ Jar

Table 2- Number of grid cells in various steps

‘Whit out Shock ‘Whit Shock
Corse Grid 82250 82250
Fine Grid 977128 1007606
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Figure 3- Pressure distribution on the x-axis, comparison between experimental results[3], previous[4] and present numerical results

(sad soue Jo o [F] L goue Y] 25 (g S0 131 51 ol ey id dunny o) X j 920 (59 HLid 89595~V JSCio

PERTTRCI P Y W FOWRP PRGSO KWAPEICHPRUE N R i (O Wy PR W PYCIOSPIP VS SRR SO UGS [
ool e ledsline LB Sl 1o deaie Caand [0 0ul Bire Sl ] il )85 axio 10 (69,95 5 Sed e Il
o fé..\?;.c S > Sed g "Iy S gy (oo ‘Yu;';..s“lq? Sgs ‘\6:.2.:.@ Sgd ol perds glaSiy Sed axl (S
o sbml Cews bl jo i 2 Al Gy 3,5 CawdVl Cand o LiS > Aol 90 (puizmes Aigd oo

69,55 3 S gl @l Ceond o Cenl ouls oold yioles ()85 amans )0 b bl ol jesay (Lid a8 O S 0
Ol e e ljoome (S5 )0 1035 0 3,53 p X jeze b X=e 0 ) 53 (63,55 p Sod Sl & Caend 3 9 0l 352
ol odmlice BB Lis > 2le ol ey same Sz g oo ( gone (slaSin oS el SS90 o j0 aloas
S o9 Gy S IS (552 (2l 60,95 hle Sed S92y Sl 40 45 098 e o SO 90 alie
e nst 1,5 LD Sl 25 456 Jp wuile Bl

1. Bow Shock

2. Separation Shock

3. A Shock System.

4. Reattachment Shock.
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Figure 5- Pressure field and streamlines on symmetry plan for (a) without incident shock, (b) with incident shock impinging x= +0.01
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Figure 6- OH concentration on various slices perpendicular to main stream: (a) without Shock, (b) with incident shock
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Figure 7- Effect of incident shock and location of axis on OH concentration
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English Abstract

Numerical study of the effect of an incident shock wave on the combustion
of transversal hydrogen jet in a supersonic flow

Ali Akbar Shekarian and Sadegh Tabejamaat

Department of Aerospace Engineering, AmirKabir University of Technology
(Received: 2014.10.1, Received in revised form: 2015.4.1, Accepted: 2015.4.13)

In this study, the combustion of a fuel jet with supersonic air flow has been studied numerically.The injected
gas was a preburned mixture of hydrogen and air with equivalence ratio of 4.5. The flow field was investigated
with and without incident oblique shock wave. The simulations have been performed using openFoam
software in a three-dimensional field. A two-equation turbulence model, SST-k®, and the PaSR combustion
model were used. The aim of this study was to examine the impact of the shock wave on flame stabilization.
According to the results, the reaction occurs at low rates without the oblique shock. However, when the
incident shock hits the bottom surface downstream of the injection slot, reaction rate increases, indicating the
flame stabilization in this case. These findings are in good agreement with experimental results.

Keywords: Supersonic flow, Combustion, Transversal injection, Incident shock
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