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Study of Emitted Sound of a Gas Turbine
Model Combustor When Flame Adheres to
Burner Head

Experimental and numerical analysis of a gas turbine model combustor
is performed for two cases of regular operation, and attached flow
(Coanda jet). The flame shape is visualized experimentally to reveal the
differences in the flame structure of the two casesThe combustor sound
frequency is measured experimentally and is close to the plenum's
resonance frequency. Analysis of the measured resonance sound in
frequency space reveals two fundamental frequencies for the normal
operation and only one for the case of attached flow. After verifying the
numerical results for the cold flow of the burner under normal operation,
numerical modeling of both cases is performed using a large eddy
simulation. Numerical results predict the attachment of the flow (in the
form of a Coanda jet) to the dump plane of the burner for a change in a
split ratio of flow between the inner and outer nozzles. In the case of flow
attachment, it is shown that less negative axial velocities exist at the
chamber entrance and outer nozzle instability ceases. In this way, the
plenum acts as a normal single neck Helmholtz resonator with one
fundamental frequency for resonance when flow adheres to the burner
head.

Keywords: Gas Turbine Model Combustor, Large Eddy Simulation, Coanda Jet,
Acoustics

[HWES 9‘4‘”*‘_;&.3 5] ”‘o‘ 5‘%&‘:;‘:,9 l‘-"“
\mm}:&b‘

(o Mgeo 04D iy p gimio ol -
VFOMAEAY 1 toaS ¢l o)l pas dadlon

o 55l adns) oo #

amardani@sharif.edu
XSS sopmdily
Ayl ol )8 (ggomatily s

A.Mardani", A. Aghabeigi*”, and H.
Bahonar ™"

1-  Department of  Aerospace
Engineering, Sharif University of
Technology, Postal Code:
1458889694, Tehran, IRAN

* Associate Professor (Corresponding
Author): Email:

amardani@sharif.edu
** Ph.D. Student
*#% M.Sc. Student



((g3e— s0le)
Sl Uwss 5 (Koll yuol (51350 0!

Pressure outlet

Inlet 1

Inlet2

V] adlllae 590 3lyin] Aaisee Sileus 2(Y) S

ol lsis @ lomg porde | (odom gl sladaioe
@ prie odomm b ol S e ooliiul ald gyl Lol
ConiS blyy Ao dlaime ol (e )3 o0l Sl Sy o2
TP 4 i (il 2 &8 290 0 0digpley &3S L g 4y S
Aol S g a8 sl by Wb Jalgd sl g 3)lse oyl
b glinl gbdaie oSl cbjlislo (S0 (B i3
09 & B Sl b 2909 bl YU lomg 42
Caow & ol B le Esl 1S 50 3l 525 59y (3l Alaion
b s 59y ideS (Al @i > gd e bojlgd
Cow & ol Gopdn b Bk J e 22 4 daioee
3 5205 S 9 mlon oy 1S 4 O Bl ol
2570 (59) Ok JLid 39 oo ey Ao ) &S Aol o S 50
3 lalols p3 bl B oyl 4o )3 il oS CandVl > Job
wlgs 1) cansVl g cuiSil bl (i3 ol s
83959 Ol oy il g o)l 3929 Baslgdy cppioman (cull
S dadore stV goadss (2B iSiL Al
Juia 1y 2353k (g ol e ¥ S5 [¥] 05 sals
ol 00l L dalllas g0
Sl 2 e wre e gl I S (S
ool T A6l oo 085 iy 4> )5 & YU iz do 3 b i
Sy s g g oloj 4 il 9 (smd ol S by

SV S5 3 0ay ol wiboe Judie (Lol pe > (o

1. Gas Turbine Model Combustor (GTMC)
2. Sharif Gas Turbine Model Combustor (SGTMC)

doddo -

O des B o Lt 5B g gl Ao
bwgs Voot Jlo 3 (8ly (555 Sbaim)gs smen bl
S5l alSiloj] adlls a3 L [V] slell (slablsn 55 5
oo jglate 4 2lRilel] slaodly ]yl g alxs
SIS IS by Sl g (alazl eoae s
5l oolazwl L GTMC i 00Dy dawgs &5 90 domy bya
Sz (ST lie b (Bl 5 5 00 o0 oy (sla)sS3
saie 4 Jlonl (2l S LS )3 0393 A5 91 5 ol
b S G5 g daie (9 (Sl dilise Sy Sl
s gl laabiizs (gl Gl LB oyb i)
sy Sl3 s b e pnS Oldllas 4 5l gy pl b uled o
B oy > daie ool (65 @ Gl (il
Sloyind b dy (g yiuod & 2255 bl oy (55l (Bl
& dbise ol GTMC & bgpe aBilejl claosly
o ol Jl sl 008 QLI oS cnl (S S Ol
o dloul iy xio oKy )3 oad (il b diges S
ol 5l adlas ol (8 lop sl & [V-Y] el
ool il Y JSS 55 SGTMC Sslas ol 0 o3l
a8 sl oo lob (63955 50 gl (3l dladors (ol Canl ouis
L daioe 4 ol oy B0)F Aby jpme @b Ojge
Hgdee I8 Syl Gie Sl g3 g Bl e 4
Cuwd (b > Cogw g S350 Slon (39)9 Jold Ao
20518 ol 5l s yta koo 10 alols 5 5 (o )IS (lsm (6399
2959 B b yie oo VO (535 o lgp (6399 Bl ylad
sl oo YO o] ()5 b g yia s WY (5)US (g
Slop 3909 Jl O @ 3955 Gl Mo ¥4 S35
Ol 29de LS lon 99y 2)ls o e 5 (55
228 ol 29 o0 el olad JUS A bsgs (655 p0 (g
e 9 35 (o Oyge JUB VY dhavly 4 (6)LS (63959 5
bl @S Slor (63559 bawg 0 Sbml (b s
A8l 6350 sl 3909 by 4 Cond S o
o p Oppe & JUEVY bawg 55 (e Ch g 0L
Blyel dlaioes 95 0 3yl dladona 3)lg 92 (6399 93 (0 ]
O el g 039 yie due AD el b S mpe gadie (]l
aly ol S (g e amivo Sy g wilipe ol WY
Fagde B+ Job g pto oo ¥yl 4 JSS (slalgial 5]
Hleie Juate

OA

baolgm ¢ inrigo

b il

(15 (ol oz 2,93) Y o)lond/ )l 299 /1K 00 Jlag



. )3 )9l
ladlgo rigo 04

wels dalilab

(V5 oty ooy 0)93) Y o)l [ 0o )93 /VF o o

Jrio p a3 dlas  Sdumms 22 ko 5w yo5 Gl ] Alidiowe bawd widio (glue axllao

oNg) Lt 43,5 K Lmanslo 5 o oy Ll )
opl el ks mn by cilisie bl p3 g odgs ol
e g 03,5 2)58 5 SIS L didgud g w g (slajl5 bl
Ll oyl ol anls il alais oyl )5 Lo, Ll gz L5
LS Al By S5 4 g 03 2V (iSly E5 I
Jbzdl gie Sy Ao Casdipmly 4 aled JlES] 5 okig, e
) oot G5 903, Jos (639)9 Slgp 9 CE g S 5 sl
A8 e Wyl alad (g)luly 5

S 35 cl 3 (g )90 3yl daiore g 2
w8 Sl s pll (goasie (g0 5 yo9
Slyasts 51 oy 41 oS ABlio [V] @2 0 2050 0l 13 00508
Al aw gly dad k) 12 9 Chge (23 S
sas clale e imeh cpl o cuwl adlyyy cglats
@75 ©yg0 4 o BIISLL yolie g ol e ¢ oliend
il (Vo slaie (98T comimen Lilosd (o)
o3 lainyge sl daise (b ol Snite Gln
gy B b [V] a0 ciged (gly loss oolil (oae
O ol slaylisl 59 2 Iga (639)9 by (23 ]
doly (2B 5 (B Sk (ply) daie ol ol
Glp s o0 dw pd dhise b b 4 pladl (glab S
5k Sl (9,8 Jao (V55 o) b (9955 Slon
L1y gl dbisme ool b2 e {3-A] @2le sl 03,8
0L Syl sladie gRSM iV g95 Jo jl ool
S 5 ) el JBe ol Jasl Bl Jao g )
ol ol oMo e Suobe ¢l RSM (Suadl Ja
S 5 by Jloslaal L [V-] a2 yo ilod )" 5] o
Sbol sladled ) awsin pl dSlos awyp 4 2y (g0
Nl > slad 5 985l 3l g cod bl e Co g b ond
2ol JSS g dlad 0k g9y 2 1) ol lp a5 R
ok 5SS gl Aaions 3y > [VV] g2 pe el 46,5 i
pbul RSM g Realizable RNG  wi¥ea)e5 sld o b )
CobBRNG § RSM (gl Juo &S cunl odls lis 4 o0l
A5l 1y @l dbises cpl (id 2 Supb silode

5 ot 05 & W] glen i -8 Jls
g 55 g (S8 IS 3 05 i Sl S s 8101y sl

3. Reynolds Stress Model (RSM)

4. Transport Probability Density Function (TPDF)
5. Liquefied Petroleum Gas (LPG)

6. Sadanandan

ool oxd 03 il bl o alie Jrio S 4 by
0l g &, A By Mg sl Wl o By (Slapnses
dodia ol i s Gl b oy oyl ol sl Lol g
@ ol Ohee 2 0dinsT & Co g Cund) G)lep Cund (Jade
5 Chow BF bowd (SupegSsil o onns] 4 g
oy cpl bl o (LI iSHL Aol 4 e &S sl
dlad ()bl doniy g & gud g 4 g B LIS > Ll oo
ol bdgyg ot ol JB I ogdle 4 8 Wl i

Sl by b e > g bl 2385

0.15 FMean_¥_Velocity

0.1

0.05

Axial Coordinate {m)

T T [ T T T T [ T T T T [ T T T
o
o

T . L
-0. 0 : 0.05
Radial Coordinate (m)

o] daives 81 )5 Bl g g 255k e (P diges (YY) JSud

Y Welocity

a0
1]
40

0
1}
-20
-40
-G0
-80

Exhaust
Vortex

PVC =l

o

[0] dlaiss 515 ;3 03g pi &5 &t 3(V) U5



(g2 sole)
Sl Uuss 5 (Koll yuol (51350 0!

ool g5l 5 posily o2 8 o 5 GTMC sl
S oo Wl o Gl ol o 1y Lol 2
Mo o awyp sl oie (gilwand jl dlao oyl )
g 0 03\l diwld y g odpme dlads s 40 albeses jl ol
odd ks lio Q9L&3 L (250 dﬂfo)‘l.\a’l CJLJ P RPRCY
5 odp> dlad b g > b oKl SGTMC 4y
& o (g Sojluil jl ews cpl (gl b o o)Ll diwls
Olaebol (gl ol ous odlitnl 93571 Jore ;3 (439,50 S
Briche b e S 5 s S5l ity lacens
ol 0a 485 las 1> dbgype clls uilS 3 lgie & aioly
aladses b e 53 wdlS)8 Golas pl LY my p o
slad @ oons s gas Jlml g goae Jlpl SSL

2y o L8 2l 0y9e S8

alowo JA d}w.\o -y
w8y )8 4 50 Ll £ caalllan 390 3l il Anioro (slod
oy s F g Y oS o oy 4 o slaib US54
83939 S 9 S35 0 ($399 S Jali Igm (lacsag)g ilosd
dadoe 3)ly dposslyr I, I ey & Adbe goil>
Lo (los 53 Iga 948 o ) (JES393 5l g 0 JSUb (ounSeo
5 9l (£29)5 O 90 4 dw Cuwd b g oud dlaizee )y
Nl 5l oSl ¥olae Jor pslain 4 39 g0l (538 10
(VA cBsld upas]) dgiome po> e dgdzme BB
p9d &y gy SYolre (gilwdinns (glp .cunl onds oolaul
Jlid Wl (35 koS g 0 030 )8 4 (e g loj s
oo sl oad plonil dais dass slasby) Gosb jl Ce g
9 S sbal S (giluand cln) SoS' L (sl (gjlo
Wlaole ol 3wl 48,5 Gye0® Gl aSd e
b5 Ly Jsl S¥ole o gly +fo0) olySKed ina

ol 0l
oS B 9 9 0y b 0 (giludie lis opl po

)’l (839)9 Siy° Ls).w JL;:-I d‘)% Ll o Pl;dl d‘f}l

7. Steinberg

8. Stohr

9. Allison

10. Thme

11. Large Eddy Simulation (LES)

12. Flamelet

13. Eddy Dissipation Concept (EDC)
14. Chen

15. WALES

@ Y] ohlon 5 S plial bl dlad (gl 4o 5
&p g oiomen g dlad 5 b2 (e sl 28,80 i
Cr oelyd &S WS salie g didby (g5l (gjlwdljl
5 0392 35Sy alite (SitogsToe 5 Sllugi 5 (6551 gsldli]
by ded gaw (S)A L 5y Giledlil llog Jore
a9 Jelos 4 D] ohlen sl Y Jlo 0l e
Voolg b i aled SO b adig i 4B A S )
)5 Hd o a3 o ol Slanlie gl Sl Slgsls
g g S oS 5 5] olaie L5 Sy syl sl 0kig
4l 99)9 S5 Jlge Bz g dlad 1S o S gus
ol Slallas s (pizman 90 (5350 (IS5L by
L &S o b g8 bl ol oo o 29800 (b (e
Ol > G blB (pl 29 o0 S 2> 0Xgpde &S
o 5" gl s oanlie LB ol (g pShawgie ol
S 55 Slmgus ) o3lital ) GTMC ST 13, [10]
S Jlo 3 0l )8 addllas dyg0 )Sg)dud s g g
85 sbabs Gileaws [VAVE] o)Ken o dagl
Tl Gigy 1 ol a8 win S Il daie ol ()
Jdy Yo ol 55 005 ,8 ealatwl dlaasee pl gl (o5l o
(SFS GBI (a0 Py by AY b aid g s
[Yom0a] oh)en g Sy FVF Jlo 5l sl odd (wyp
2 e el g b)ld) plulid caa 3 1) 39 lalllae
Jae oblg 35 (slagilwans y gl 65,8 el Jrie o)
by oo olis ) ol ol slalisls gt RSM
DRM22 553180 §7 ool jlisl popte (Slpsl Jao 1 eslil
o2y Slallls e 5 ol plosl 1y o 4,8l Slsloo
5 cdlo & YO8 o ) [Ye VY] oan o oy 5
o] 023153 SGTMC aio 3 dlans (o)l b ol
Aol 59y o)l 3929 pis 9 3929 Sl ooy p 4 g ol
5 4lad (5l 53 (5395 sl (ilop S s Sl alad )k
Sorn S g Sl )5S S uizmen g (295 loosnY]
GTMC SitwgST g yuiliasy dine; p aixdlyy alad (gl
« ol gl v Jo s [NV ohes ¢Toe wre S

(15 (ol oz 2,93) Y o)lond/ )l 299 /1K 00 Jlag

)3 (5)glio

Ln.olqm Gigo £



wels dalilab

)3 5)9Lis

ladlgo wrigo #)

(V5 oty ooy 0)93) Y o)l [ 0o )93 /VF o o

Jraiie guus &g andi (St 01802 oo 5 (o yo5 5 i ] Wadss Do puiiie (gl dxllas

oles 5 e slacesw mig B SE
o310l 51 g dulio [VY] (225 bt 1y 0sd (555 bassie
Oyosdas A 5 (oo YN slojlul b asus 93 sl ly &
&Y )5 sl et &S yobled -l 015 sy ok
L oS 55l 092 2V (wlos g 5y slacis o Dy
Cows 4 g odd awlS gl Gl cund b 4 Jls)
2 8 @ b ol abd Jo Wad oo bilete (g
25 oIl 5 conl axtls alaisen 5395 I Gilie ol
il o ol g8 Slilins (sl ok ysalee VI

Cou g s -Y
de b 9> (gl ol Mg g WlS B o5 (gpSojlul
(Marantz Audioscope SG-5BC) (y35,Sso b dtuwls ys g 0dummn>
1 685 (Sl ol a0 plogl 5] o 30351 oo
30 iy SLbl 5 aS bl o (dojlul 4 (Kiae Cigw) odume b
5 ol ool dlads blois ¥ IS5 > ad 039 (asis LB
sy b )y sl 005 03> ioles b g3 oyl (gl oBitilo]

Slsgo Sy L) (paduio aglj aled

Gl 1y esd pSelul ol A S
Condy glp e o lis awld g sl s
e (800 (23 50 3 ol g odnr glocdl ()]
4 aols o 1S b sl ot ool Ll lon
ol s b glio (S B 045 Ghso ol
ool 0 Jaite 3,855 9 0 atwls p el b glalasMe L6
031051 .l 03¢ ol ;5 diee gur A5 b o yorr >
S sk & K035 o oy s s ulS 9
(3552 0+ 2905 posily dsioeo j1 Slio (3dgala) (il
ol & @l i g By (L3 )l ) & wil o
pled 5l e w0 il gly [YYVY] conl ond o)Ll
Sllog Yo 9 A o S5 el g3 o bus glaw
95) oloj lad 93 50 ) (oad bans lao) (s5lis
oieles 4 ()9 b Jolo) sl 5 (099,5e mailians
o > Sy aals & ams o olis & UK l-aslis
YU el 5 slayliy el ol 5 g cosl 555 awls
JS5 515 )b (g9 st b (UKD g slald)
ol sHz (Yoo &l LlS,8 a5 s e olis Ve
Ll ol e g 4 ol ot <o ) (o] e
iloe (B (o] e oylas g HZ Yo ) oo

Fizors oo by Jlosl sl g (o2 (20 955 paseie
o )lg23 sl 015 o0litol (Lagoea )Lt ) b 9,8 o
9y 3 aelllae load (28 Sl (S5S Sags ln
DA 5 ¥I¥ (slmoll b aSud o5 31 oslital b &S ol i
S 5l 35 cpl slp wcanl 485 el Jsho (igekee
g (daiee JBI) (g g (258 2 JB1) (o2 (5
O U5 cawl ods oslazul (By BY anb > a4l 58,65

A0 o i |y anb ol 40 S S 08

ol & 3w glsm (39)5 slo il g SGTMC 3l dioms ) JSu5
7

015

o
=

Axial Coordinate {m)
8

0.05 0.1 0.15
Radial Coordinate (m)

abaises o i1 41538 dade paw , 4Sub (slos 3(B) JKWS



(ot g3e—s0le)
Sl Uuss 5 (Koll yuol (51350 0!

5

g £
. an
o § 20
£ E
= =
= a
c
3 Ter 3 Tes T4 ¢ Ta Tes oy
Ragial Coorginate (m) Radial Coordinate (m)
o1
L - === 02
wl o BexP
E E
& &
2 g
s £
= B
= &
“.
- = - - Onaz
30 ond1
eid o o
=z =
E E
& £ 20 alio
Y g
£ 2
s o0 = [p¥ @ 2 TegLGaT
= &
10 "
20
= T & T3 Tt
Racia! Codraine® fm)
0
L ond1 orid2
1 -——- - Ong2 X --——
wof e Qnat
. o wl O ee
= of =
. A E
& I |
i =l
$v 8
EI 4 s
a [ @
“of
.x- " " " 4 4 g
[-T-]] (X~ © [-13] [:X3 003 [

TeT TE
Ragial Cooraginate (m)

5 Jsbo Cogbe YV L Jol 4 (gl dlaiimo (93959 3l sioneo R 5 ¥+ Ve ¢ Y/0 sloaliold 3 (Caly) golos 5 (<) 59900 S o 55 dualio 3(F) JSib

VY] o8 s b Jobo skee DA L pgo aSis

Raoiai Coordna®e (m)

) qjqu_ﬁ

lholgo nrigo FY

b il

(15 (ol oz 2,93) Y o)lond/ )l 299 /1K 00 Jlag



. )3 )9l
ladlgo gwaigo #v

wels dalilab

(V5 oty ooy 0)93) Y o)l [ 0o )93 /VF o o

Jrio p a3 dlas  Sdumms 22 ko 5w yo5 Gl ] Alidiowe bawd widio (glue axllao

%107

Power Density (Arbitrary Unit)
N w R (4] o ~

o

200 400 600 800 1000 1200 1400
Frequency (Hz)

%107

(=) © o N S

Power Density (Arbitrary Unit)
N

~n

. X

0 200 400 600 800 1000 1200 1400
Frequency (Hz)

olS 3 slab s (StaosST L8 o0 (6, So3ll o @i (Y +) JSW
‘uul:) Ll y g (~/9V dj)lpm Coms A{lg) oo Alnd glacdls Lg\)g

o & el ead g Sla il e g il

0dd Sz sl S (giludnd Célay Gk )l b Ghwe
5wl lacdls by e o sl dp .l
FYRYAY )l.\n,o)l oA;jB)a 93&,3]91& MMM)I PRWINCS
DIV ol oas onlizasl (R JS5 0 osib o3yl (o3 baslys o) ¥
olyad 4 1) auls 5 oz Sl 93 (b bghs VY IS
uasudio oS jolailen .l 03)S" )y lawgie Cas puo 0318l & 55
ol g by G il eder Sl Jop (32 db cu
Cop e VW USS 2980 Sip e Sle 2552
sald )3 dgng aad o i 1) 0l duwbxe (gldlaxd (gyere
015 gy &l S A g9 Jubd 4y (glalad b > e > Jluo
2 p &Y ohen & bal)S ol adli e By &Y 4oL
Ulp e Co g (Sle Slodiws Jado pw 4 ol s
.,\3)1.,\3&45@ W‘E';?Ob?’f o.\JS‘),: ML&)J A_QM>)J 0> s
Cawl asudio wd oo (Ui |y donts J3b > (glalad (id >
Lol )S g5 g (o2 &Y (5Ll & il o IS, oS
oder Sl 3 )3 3929 (S99 3 0 S 93 2 (295
@ Ot | ol 15 5l (B0 48 2 b CoS S JU
O s S i oled & by (Sdees 2500 8 o)l

Caos VYT (gl G b sy aled o ans 2(Y) JSS
s tIA ol Chgw (25 b TEY (len i b o dlad cl,

[ —8— Lifted
I o — -~ — Attached
350 |- \\
B ~
~
~
. 3 ~
N L ~
< 300+ RN
> 3 O - =
2 T --o
S [m]
=
O 250 -
T L
200 |~
e+ L
0.8 1.6

1 12 14
Flow Rate (m3/hr)

il gy g o Ao Slacl )3 013 (6,505l clao uilS 6 H(N) JSWS

o
@

e

=4
o
s

=}
o
o

o

Amplitude (fraction of sensor maximum)
=)

o
o

3.962 3.964 3.966 3.968 3.97 3.972 3.974 3.976 3.978
Time (s)

<
@

o

o
o
&

o

o
=)
a

o

o
o

Amplitude (fraction of sensor maximum)

1.315 1.32 1.325 1.33 1.335
Time (s)

2 (StuosST i) 005 (5550}l pb- (o 9o S (1) S5
Cnsd ‘u»l:) awl g (~/5;V SR s ‘\Jlg) EXVONESE:{ P LT YGH | N
1.2 m3/hr Cgw 23 ly (VY Gyl



(ot g3e—s0le)
Sl Uuss 5 (Koll yuol (51350 0!

0.01

7 Vorticity: -30000 -17807 -5814 6278

0.01 0.02 0.03 0.04
Radial Coordinate {(m)

-0.01

Axial Coordinate {m)

o
o
-t

o

ZVomiory -30000 -17907 -S@14 6273

0.02
Radial Coordinate (m)

3 (Y1) ot s (gl i J31 (dlaland 28 @i (VYY) JSu

Axial Coordinate (m)

1
0.04

o

S 35 ds ¥
dbivee Sy jlosd g o gl e (Sl
el (S b g Jgore 3,558 (sl Joo 5 o8 3l
oo Sy b pSoilul g (g3se b9y SSb Jadiop &
(owdin Ol g dats o 035 (65S0jlul s sl o
Oy 0ad 35 (o pgly il e S LS pedy
SN Gl ovie sl s gy by e adllas (4l
2 Olys a0 o3kl odunes dlads Cbs g Jridio Jgao
@ dled (S & pxie Sy poi JiU 93 Ol Cas
Ol (edds (gl | ol by ke weboly o g
S5 Jib 3L by Aol > §SasS Lite (lace yuw ||
o B (295 2 (B p LY slagg il Mol 5 pocdy
IMoas] Cogo dlad (Sapme ) dlad (S b 4y
93950 Ptk Soxm JIU (295 2 S &Y slalull
Elae g Sblog &b ulS)8 9 J (S Bl G Sl
A3 0A5 oty A sl (08 SosSe)ll > o une
Olsis & Jrdiopo &y dlad (S o )3 potly iy il
oo (pilig)y uilS 5 g oSelS Sy b Johuto yilgj) S

S (o Joo

SN S5 531y ol i ) 5 &Y (s ubb 53,
([VY=YF] a8 o Wl sapaln (slouily)y & e id
ol oo wibde 5 4l ol 51 (S Bl Jele Wi e
OiblS #8ls )3 .0bl 050 sla gy Selul ) eduue ¢l 4y
Gage Ohr Sz bB & oy JiU ) sy S
& by dad b wlad 93 Heilesy Sl pasl b
o 2 VO] wib aisly iy, (odamie sla il 3 > Wl o

Deudy oo et db wilS 8 L &S GleaSS 55l

g

0.02

Axial Coordinate {m}
i=]

-0.02

0.04

=
E
= poz \
[} A\
£ b
b=l P e N Y
= ) A
g T &__,, AN
% L) TP ——
E 1 El
1 El
(= | i
7
-0.02 1
1
?
]
Lol N . L L1
-0.04 0.04

-0.02 0 0.02
Radial Coordinate (m)

oy s (sl Sl g 5 buwgio ey o3lsl i ) Y) JSW

{omb) 4l 5 (YU)
[ axisl velacity (mis) [ Asdal Velocay (mvs)
1 N Kl
1 H H E
0.5 - ¢ ois- M
0 r 0
_— %1 -~ r -7
_E' 4 é E 14
© 21 = 21
8 oaf £ i
£ £
B B
8 3
9 o5 © oosi-
.2 " k
o ok
| | | r
1 L L :\ T S 1

-0.05 ‘ 0 = quﬁ
Radial Coordinate {m)
5 (Y1) odgpmer <o (sl (ghilasd (5p5500 ooy 3 (1 Y) S5
(o) <l

-0.05 0 0.05
Radial Coordinate (m}

) (_quu_ﬁ

lholgo nrigo FF

b il

(15 (ol oz 2,93) Y o)lond/ )l 299 /1K 00 Jlag



wels dalilab

)3 5)9lio

lndlgo aigo #o

(V5 (ol oo 2)93) 3 0ylond | 0l 0,99 /1 F o log

Jrio p a3 dlas  Sdumms 22 ko 5w yo5 Gl ] Alidiowe bawd widio (glue axllao

x>l A

[1] Weigand, P., Meier, W., Duan, X.R., Stricker, w., and
Aigner, M.,"Investigations of Swirl Flames in a Gas
Turbine Model Combustor: I. Flow Field, Structures,
Temperature, and Species Distributions", Combustion
and flame, Vol. 144, No.1-2, pp. 205-224, 2006.

[2] Mardani, A., Rezapour-Rastaaghi, H., and Fazlollahi
Ghomshi, A., "Liquid Petroleum Gas Flame in a
Double-Swirl Gas Turbine Model Combustor: Lean
Blow-Out, Pollutant, Preheating", Thermal Science,
Vol. 25, pp. 377-393, No. 1, 2020.

[3] Mardani, A., Asadi, B., and Rezapour-Rastag, H.,
"Experimental Investigation on the Effects of Swirlers
Configurations and Air Inlet Partitioning in a
Partially-Premixed Double High Swirl Gas Turbine
Model Combustor", Journal of Energy Resources
Technology: Transactions of the ASME, Vol. 143,
No. 1, P. 012302, 2021.

[4] De Santis, A., Ingham, D.B., Ma, L., and
Pourkashanian, M., "CFD Cfd Analysis of Exhaust
Gas Recirculation in a Micro Gas Turbine Combustor
for CO2 Capture", Fuel, Vol. 173, pp.146-154, 2016.

[5] Mardani, A., Asadi, B., and Rezapour-Rastaghi, H.,
"Three Dimensional Numerical Investigation of
Methane Partially Premixed Combustion in a Double
Swirl Gas Turbine Combustor", The 11th
Mediterranean Combustion Symposium (MCS),
Tenerife, Spain, 2019.

[6] Syred, N.,"A Review of Oscillation Mechanisms and
the Role of the Precessing Vortex Core (PVC) In
Swirl Combustion Systems", Progress in Energy and
Combustion Science, Vol. 32, No. 2, pp. 93-161,
2006.

[71 Mardani, A. and Rezapour-Rastaghi, H.,
"Investigation of the Effects of Inlet Air Flow on the
Main Structures of the Flow Field in the Combustion
Chamber of a Model Gas Turbine with Two-Way Air
Inlet", The 17th Fluid Dynamics Conference,
Shahrud, Iran, 2017 (In Persian).

[8] Mardani, A. and Fazlollahi-Ghomshi, A., "Numerical
Study of Combustion Flow in a Gas Turbine
Combustion Chamber Model Using Different
Combustion Models", The 6th Fuel & Combustion
Conference, Mashhad, Iran, 2015 (In Persian).

[91 Mardani, A. and Fazlollahi-Ghomshi, A., "Numerical
Investigation of a Double-Swirled Gas Turbine Model
Combustor Using a RANS Approach with Different
Turbulence—Chemistry Interaction Models", Energy
& Fuels, Vol. 30, No. 8, pp. 6764-6776, 2016.

[10] Mardani, A., Rezapour-Rastaaghi, H., and Fazlollahi-
Ghomshi, A.,"Investigation of Lpg Flame Structure in
Double Swirl Gas Turbine Model Combustor", MCS
10, Naples, Italy, 2017.

[11] Mardani, A. and Fazlollahi-Ghomshi, A., "Numerical
Study of Non-Combustion Flow Inside Gas Turbine
Combustion Chamber Using Different Turbulence
Models", The 14th International conference of Iranian
Aecrospace Society, Tehran, Iran, 2015 (In Persian).

[12] Sadanandan, R., Stohr, M., and Meier, W.,
"Simultaneous OH-PLIF and PIV Measurements in a
Gas Turbine Model Combustor", Applied Physics B:
Lasers and Optics, Vol. 90, pp. 609-618, 2008.

[13] Steinberg, A.M., Boxx, ., Stohr, M., Carter, C.D., and
Meier, W., "Flow—flame Interactions Causing
Acoustically Coupled Heat Release Fluctuations in a
Thermoacoustically Unstable Gas Turbine Model
Combustor", Combustion and Flame, Vol. 157, pp.
2250-2266, 2010.

[14] Stohr, M., Boxx, I., Carter, C.D., and Meier, W.,
"Experimental Study of Vortexflame Interaction in a
Gas Turbine Model Combustor", Combustion and
flame, Vol. 144, pp. 205-224, 2006.

[15] Allison, P.M., "Experimental Characterization of
Combustion Instabilities and Flow-Flame Dynamics
in a Partially-Premixed Gas Turbine Model
Combustor", Ph.D. Dissertations, University of
Michigan, Ann Arbor, Michigan, USA, 2013.

[16] See, Y.C. and IThme, M., "Large Eddy Simulation of
a Gas Turbine Model Combustor", The 51st AIAA
Aerospace Sciences Meeting including the New
Horizons Forum and Aerospace Exposition,
Grapevine, Texas, USA, 2013.

[17] See, Y.C. and Ihme, M., "LES Investigation of Flow
Field Sensitivity in a Gas Turbine Model Combustor",
52nd Aerospace Sciences Meeting, National Harbor,
Maryland, USA, 2014.

[18] See, Y.C. and Thme, M., "Large Eddy Simulation of
a Partially-Premixed Gas Turbine Model Combustor”,
Proceedings of the Combustion Institute, Vol. 35,
pp.1225-1234, 2015.

[19] Rezapour Rastaghi, H. "Experimental and Numerical
Study of Gas Turbine Model Combustor", M.Sc.
Thesis, Sharif University of Technology, Tehran,
Iran, 2017.

[20] Mardani, A. and Rezapour-Rastaghi, H.,
"Investigation of the Effects of Inlet Air Flow on the
Main Structures of the Flow Field in the Combustion
Chamber of a Model Gas Turbine with Torsional Air
Inlet", The 17th Fluid Dynamics Conference,
Shahrud, Iran, 2017 (In Persian).

[21] Chen, Y. and Driscoll, J.F., "Experimental Studies
and Modeling of Acoustic Instabilities in a Gas
Turbine Model Combustor", The 53rd AIAA
Aerospace Sciences Meeting, Kissimmee, Florida,
USA, 2015.

[22] Benim, A.C., Igbal, S., Nahavandi, A., Meier, W.,
Wiedermann, A., and Joos, F., "Analysis of Turbulent
Swirling Flow in an Isothermal Gas Turbine
Combustor Model", ASME Turbo Expo 2014:
Turbine Technical Conference and Exposition.
American Society of Mechanical Engineers Digital
Collection, Diisseldorf, Germany, 2014.

[23] Mardani, A., Agha Beige, A. and Bahonar, H.
"Numerical Modelling of Resonance in Plenum
Chamber of a Gas Turbine Model Combustor", The
11th Mediterranean Combustion Symposium (MCS),
Tenerife, Spain, 2019.

[24] Heng, J., Thanapal, T.D., Chan, W.L., and Elhadidi,
B., "Lattice Boltzmann Simulation on the Flow
Behaviour Associated with Helmholtz Cavity-Backed
Acoustic Liners", Journal of Visualization, Vol. 23,
pp. 625-633,2020.

[25] Etaix, N., Crawford, K., Voisey, R., and Hopper, H.,
"Redesigning Helmholtz Resonators to Achieve
Attenuation at Multiple Frequencies", International
Congress on Acoustics, Buenos Aires, Argantin,
2016.



