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A Numerical Analysis of Acoustic-Pressure Response of
H>-Air Diffusion Flames with Application of Time-Lag
Model

Chae Hoon Sohn*' - Junseok Lim**

ABSTRACT

Acoustic-pressure response of diluted hydrogen-air diffusion flames is investigated numerically by
adopting a fully unsteady analysis of flame structures in low and high pressure regimes. As acoustic
frequency increases, finite-rate chemistry is enhanced through a nonlinear accumulation of heat release
rate for any pressure regime, leading to a high amplification index. Same numerical results are
analyzed with application of a pressure-sensitive time lag model, and thereby, interaction index and
time lag are calculated for each pressure regime. The interaction index has the largest value in each
pressure regime at an acoustic frequency near 1000 Hz. In a high-pressure regime, flames are more
unstable than in a low-pressure regime. The interaction index shows a good agreement with the
amplification index.

= =
Y8 Fa-g7] FUNGY $F SH 4L AW} 1 YN g T2 A4 Ed=
FAHo ZARAG §F Tt 2Pl Bt o= e JANE DhEs NHY 2
Aol o8l f@ hge A3t TR ot AF & ¥ FTOE olojAA Ak FYY
A AnE 4 7 ARAD 2ol o8] AN A AQ wdel 44T &L B, 2
F Gl NBAATD HAS A FFIAAG. 2 SF Y=g el BHAFE
o= e} Pl HE 1000 Hz 2HoIM Hughg Vehiga, ol stgdo] o BT S
2 Byt 8 Fusd] BE HPAS WS AFE 1EY FEAS WS ZFH T LAskAT

Key Words: Acoustic-pressure Response(= ¥ &%), Hydrogen/Air Diffusion Flame(+4:/%7] &
2+8}<d), Time Lag Model(AlZEA A B d), Interaction Index(7F4d A1)

A4 011, 5. 26, $ELEY 011 9. 1, AASHY 20119, 9 1. A
* z"]ilol AlFosta 7A &3 -F3 8
w* ﬁl—/Kgﬁl /(ﬂ Tﬂ?ﬂ—_‘! THE]—‘{] 7]7;“ = ]—jq.
* ﬂ"\lxix}, E-mail: chsohn@sejong.ac.kr 3tY =Ed X (stretch)} &=, dgoz

i

FH
ol



N
Iy
2
Ho

YZY HEERIELR

g g de R wel] tigk 43h4 (flamelet) ]
A2 7 540 #I AdFE dRIES
olafst= ©l 3ol Wi Fasttt ol A=
Ao B 23 AV e, 53] oY
HEol e e SHEALS HUdd A7
714 st $%F B9 (acoustic
instability)@ A#o] Aok &3F EHAFAHL, @
24 YRAA Asste FHAST 379 5
gt da A dAste dREET JsAE
st 2 R Fo] Frlste @Aoltt. o]¢} #HH
ATEA dF F9E THF  4A5HY(laminar
flamelet)2] FAFANZ ZASIS £3tgde 9

< &9 =R
o2 Urda, A 2d4dA(F9 13 mel
A a2Y Z2EHRJIET HAosid2mrl ¢
et F7HES Rt 09 9999 0O)
Me g mat 1 kel FASAT 1F
I ol#gt Soldt AFS A4 FFA AHNEA
w3, A2 v 2 AAEA ¥y
AAB/A N o) dEeAnt. ARH o2 Sy}
SHel #IA 4 99 I, MM & 5%
FZo| dFHUL, 49 DolAes A2ETE-9
A o] kg FEo] dSHAT

£ =idAe oA AT L=, di
EQAAEE EFEsE iR A%sistr] 93|
HIAY 4 AdE A7 A(time lag) EE[6]
HAHAA AR AR 2ol wE
st Aot 71E A7 JAARD FFHFAF
= vn, AEs A} 3.

-~

2. X|HHLH At A=A

21 g

B Aol Mg sty Zde o]de] o
2 Aol &3] A Eofe WEFF s
olty. o] & Amjete WAL el 22k FE)
o] Ak, 7]E dH BATAAMY GRS
ol-§ste] 1xH 2 ZARSAIZ 5 ATHA4]
TS £33 (mixing layer)e] FAI7F duldoz
gfol o] axnrt vrjsezs AddF
< ¥A1g 4 313, Dufour &35 FAISHIT
EdsoNA e vetgEr Wi Aoz HAg &
A= FAE Y A St FAE
Sl Soret &= EFHY. ol#HI HS
ot = At E AL te3 2H{7].

9, oV -
p” + 2 +2apF =0 (1)
oF ﬂ,ﬁ( ﬂ)w
Pt oy oy \Fay | %P0 @)
+apF'2=0
oY, oY, F)
J J —
Pt TV Ty PYiU)= e 6)
pc[)%f+chi—T—i(Aa—T)
y  oy\ oy
+E Y.U. 8T+§] Mh A0 @
j:]p i 5y jZij T T
P =pRTY(Y,/M) )
=1

j
A7IA t= AT, Ve V=wl@ RAFHE F

AEolth. e 55 Y yol OB
T A=



Hi6d HN1S 2012, 2. A|ZA[E 2EO HNEE ST +4/F7| 2G| ST SH 24 3
Sl o oty wel B0A Wae wA 2 FEHENAL olF FZTAL, HHw Bakd
bssich weld, sidel AsAE 9R 948y o
wEHE AAAH dEH HEo=m FHT £ Jo
o olg Azke] FFEA e o] Fdw T Q-
° H:lf Q-9 sin(2nft) 8
P2 BEAFSEAT TSy @
(t)/p,,, =1+ Asin (27 ft) (6) 714 Qe WHEAY, & FdozREH 9w
&, = +3FAF F71E vERY SHFASF,
4714 A me BEH, fo A FHEE O HY F3e] wet Fold ¥ FF, fold
Uehdth 9 4o REHE /A% Bge pdn B8 & lon, g Ras sk
SR HPgozA, oo wet Amst 48 A Auge] F4E 2 FEAFL Uedr
A AN AffE L2 Tesh To A
el wet wEAl He, AR g 22 ARAA =Y

psel FFE FAAG. 9o AupgA Al o
3 AAZRALZE AALTS gEHo] A7k U
s obelist 2o FrPelz AU

z3|
o]ikstet ATt o]ikstE A
3l 4= Newton iteration®-& =83}
Bl adsd  2aA9 .

CHEMKIN-IE, HEEAXE TRANSPORT
PACKAGES A}&3ta] 7] 2+81S1TH9, 10].
8ol 3eFE 19949 7| EugS E‘J?ﬂ &
Al &g WAYES ARESFATHLLL

FAEALE T AAR FRHAT 1A,
%5 7oA = (transient term)o]
H E Tt e 22 Eq. 69
e @& #=42 EsiE Ay =
T3 ok A1+ JF A] Crank-Nicolson WH-&

ol ™

N

Adsga, 7H Fogel whe A7 FEE 2
kel FAH AP} T FF=E FA%

ZE AT

A3 A5 FF e
7] 93] Rayleigh 7]%[ 2]l
ol digt 4=

i Al=FollM o] ALBRME sl )
7H dE AMgEe WY SuE,
73 A 4= (interaction index), 1,2} A7 <A (time
lag), 7, st &% wHEE 9 &
)l gk st9 e SHS FEFsske ol &nt
g AIZAA 2 (time lag m

A mue 2

4 %
(velocity-sensitive model)@} & Z.}% A X
5 9l (pressure-sensitive model
2AAZY] ArESHS HHE “ME
#E S AAA 2do] AdEY tFo] A
Aoz HHT

2~
S

ﬁ f

A7 quxt)st pixt)e 22 A

A% AZAAY DREEH FEL e,
W p= A7 AEHEAANE A9 A48
£ HECIF) QUEET dES derdth 9

B2 o
Ao geld one g 2 8

fex]
f=4
3 AN AT FLHEL o) A7ko]

I

At ol T AN ENEES] HES °F

718k, olm 92 =& sl s HA

T, o W WHEE SHIAG. AZAA
o] dojd WA o8 A 3

[

fo
f0 A ox
O o [ T



Poy)-Peoi-1,)
R

1.0 15 2.0 2.5 3.0

(X[

Fig. 1 Conceptual demonstration of time lag and
interaction index based on pressure-
sensitive model
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Fig. 2 Pressure oscillation and heat-release—rate
fluctuation for various acoustic frequencies
in pressure regime | [5]
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Fig. 3 Amplification index and phase difference
between pressure oscillation and heat—
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Fig. 5 Pressure oscillation and heat-release-rate
fluctuation for various acoustic frequencies
in pressure regime Il [5]
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