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ABSTRACT

In the present study, various tangential angles of effusion hole configurations were investigated to evaluate their effects on
the cooling performance and combustion characteristics of a can-type combustor model. Numerical simulations were conducted
using the Reynolds stress model for turbulence modeling and the steady flamelet approach within the non-premixed combustion
framework to model methane combustion. The results indicated that the effusion hole configuration with a tangential angle of
0° enhanced the liner wall cooling effectiveness by approximately 340.28%. This configuration also blocked 77.71% of the
absorbed radiation flux, resulting in a 47.81% reduction in wall temperature. Furthermore, the lowest pattern factor value was
observed when the liner wall was designed with effusion holes at a tangential angle of £30°, compared to other configurations.
Similarly, injecting cooling air into the combusted region through effusion holes at a tangential angle of 0° led to an

approximate 20.23% reduction in thermal NOx emissions.
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Fig. 1 Baseline computational geometry of the can—type combustion chamber model
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Fig. 2 Effusion hole configuration on the liner wall of the can—type combustion chamber
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Table 1 Boundary conditions for numerical study

Parameters Values
Inlet temperature (K) 300
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fuel volumetric fraction (CHy) 1

& Table 16] .0k o]
o 70 KW AAston,
methane 972] Ak Sk ot £} methane?] #¢]
UFdZ(lower heating value, LHV)S ©]83}o] AAlSISTh
[24], AR AHES o Qb7 YRR 44 FURE o
R9] A 9k0 00014 kg/sE WA} gl A
22 A1) 9I) B/H AR 5008 AHsiglon], 1
A T T 2 10%= AQ98E 3 Y=, Uz
90%+= 9F 3|49E U effusion T B3 FUHY=ESE 4A
stoict, elmet AshAle] UR AEL 242 5% W 1072 A

ny
oy
N

A3t Mixture fraction=> AR i3l 1, AtSAlof of
3 002 A5kt Aa7] S ol oY %'—TL A =4
(pressure outlet boundary condition)2 A-83}g o, &
E o)== non—slip Y W (adiabatic) A FoIs}c),

7%]/\]- o] Z7t o]AkEl= ANSYS Fluent Meshing=
&-83slo] = ?t}t Fluent Meshing® = A S
(computatlonal domain) 7FHL7] Ao, 1A Y AL
7] 2EE fAR R FH, fFYdTt(inlet), 5 (outlet),
Hd(wall) 59 AA Z7do] A=t Fluent Meshing
M= ALt fAI7F 23k 34 % Watertlght Ao
ECEYoEZMN, QIEHolA miA] WA tiv] Ay 9
FAFRA 7F9] Hloly dAg /5 I'Dﬂlzqii 2|3t 4~
Utk AAFA 1F QIEH ol EAIE s S8 A%t
Q1B #H|o]2(coupled interface) 7]%{o] #-&= Uk, HH A
FHoll= A5 (boundary layer)o] A= qlom, 114 ¥
o] 5 H FHo| n|A= FFS DA aAlstr] sk
Last Ratio 7|Ho] AMEE|Ith, ojuf, A ¥z Al f=o]= Y
Zro] 1 mgto] H=F ZAH LT}t volume meshi= poly—
hexcore 7|§t9] slo|Het F25 gsto] YA o,
Az}l 3 &4 (grid convergence study)= ¢J8l oF 6809t
el Al 1800%F 7hell o]2= AR} UE7F AREE QI B

sEFHIIASE =28 282, M3=, 2025

| —— 6.8 Million

———12.6 Million
| —— 15.4 Million
[— 18.0 million

Axial velocity [m/s]

0 20 40 60 80

Streamwise direction[mm]|

Fig. 3 Grid sensitivity analysis

ARy F3zol gk ARt Ak= Fig, 3of A|AEo] St

Fig. 3°f Yehd vle} Zo], = H}ef &5 Bl oF 630
w 7lelA 18008 78] A7 S8 A A2 ThE A4 A
of ol E4iseict, A4 A3, 2] 45 BEE AdE
A AAE L5 W1eF AE g3 circumferential jet effect)

2 Qo 29 YL ekl ol ) 459 ARt
29 BH WFOR ARSR, hRES 5 PFOL of

=39k oF 15 mm A 7R = 12} 34 S (primary dil—
ution holes)?] g3Foz H=o| 8% HISK(streamwise
direction) & FA3] 7}&E| Qo 11 o]Fo= HXAHC
2 2715 WAL BHSITE, 27 7} 680% 9 1260
W O A S BE TS HeAAOL, 54
o Sofuat zolsh A 4 HeEE A4S
sl AAF 5 18007t = F7HAIX] A,
WA $B 48T A 3 W S BT} A2 AA)
Loz sl olol ek, ¥ apelAs 27t B4 1
0] Ax} e SIRt AR YA &E(grid independence
test) 13 15409 7] A2 7|Zom ATt

o2l

i}

15409+ 1800

Fig, 4= 719 Q47 =g W 12} 3]4E(dilution hole)
o z|of| A 2] ¥4 HWFek(radial) £& HEXE v w3 AWE o
ERH Aolch Fig, 49 LERS b9} 7o), Wk wleF 9]%] ]

Ao S F2 e A Ayfet sAsiA At 7t
g o R ot dAE HAr [22]. oh, w9
HEA 27.5 mm YA M= i} oF 7.08%2] 227}
AU, olfet AR e ek, AAAR] S

_11->' 2
B

ri

wm 4P AF An} oo A Uehgon, B 4
A S FIEe B o getet Ay B Aow



H7FE QAT wEbA, A AE 204 RSM | HES
283 siM2 iAoz w2 ALt lé‘lﬂr AZEE 7IRES.

HEL -

SER

S ol 8 ATNYe skt

3.2 effusion A0 2 F
A7) ioA 287 52 A4 e ol Al
& 31, effusion S A4 7k 23| gho|y o
AEl= & ZAAZ(thermal boundary layer)9] a3}
7|AY AASH= § 7]efglth Fig, 5% 5t
217K ARE A47] FAZ(ongitudinal) HEFe]
W %w W 2ES B 45 SHS YPmom &
3 ATE Y Aotk AdYE F8f BAFE 371 Zﬂ

= 2 f5ol AEohe Ao dFeE 1A da

oA o127 gloly HEko g kel 529 FAI3 o) I'Jr
FejQleh, ARt 298 3 F4joll 9113 U2 (cone)e]
e 1079 QR =S B 2AE, ol P4 2
-7 33+ A Ex 12} 34 E(primary dilution holes)o]
FUEE 7] AES} T=3T o] AuAgor
27 SO o Zpolof wet 120] 4 kAL AR

B > e (B oo
o ! = g
};): ol ot

"4

> i o},i w1 |moax
jL

2

g

e N Ve R S e e

Fig. 5 Effects of velocity distribution under different effusion holes configurations

2 UR 9% 9 da e antos sty o3
90
[ —=— Experimental
| — Simulation [RSM]
E
z
2
L
>
E
=
Z
n 1 n 1 n 1 n 1 n 1 n 1 n 1 n
0 5 10 15 20 25 30 35 40
Radial direction [mm]
Fig. 4 Validation of the numerical model against
experimental data [22]
Longitudinal velocity
80

SRR HES

=28 283, MBS, 2025



HA7| 2| ol effusion &

HiE AA7F A

(countercurrent flow)stA HW, s f5-> £ HES] = ofStE= A EAth Fig. 5(b-d)ofl Yephd Bk} 2+
W XS SO S 5 vk AF dav] BdoA= o], W 37 Ao oA WY Wgro s ALY
ojef e o frEol FV-AR EFE sk, Ayl H, o5 Fo WS oy &Ho| i rpAzRE avhs
L Thav) AGH R A E3|E odgtezy ¢F o2 BoHrh 53|, d4d Y goly dZobE gk
gAolaL AEAQ] dart FAEG [25]. 97 e T2 W4 37150 @ AdHCR e 29 fEol 344
12F A4 FooA HEEY, 13 HES TR Fole = ol fF B 2xE S SAEUT HA AR
Aa¥l 7EA7E 22 da GO R o]FshaA A wdaE o] 0°%1 EHTAE ol W2 3715 9% A9l vlas
G719 A5 FsHA €, o] F 27} FAES Bl a2 AL $ZSol FAE Wi, EHTAZF +30° B £30°¢1 7
7p27h YZhE, ol 2oly EH FA A A om W Lo ek

53], BC FollA= A4 7kA9] At B oF F4fol Aol o Wiy farh wEE ek B3, effusion Y4E
TS el ew, ol= 12} 3|4 ZoA EAME= AlES] o] AgH FAoA= 13 9 22F 5]4)F(dilution hole) &
& Zof] 7|90 Aor siME. AdY 5 34 ol BAske Tk Aed el 94 f59 dFe=
AE o] o8 97 o= vs Aoz, 2142 Hadshks A 23ih
I} Fig, 50l Uehd vief o] ghojy B ZAjol A= A4 Fig. 62 7] B4BO) thefdt effusion Zo] 284
o w2 &k Favh v Ny F STl we FAelAY A Y 2 225 vl Alojth 24 {
W & Farh WEEIch W, effusion WZHEO] A Foll 8 BAHE 37 AEE 7] Fl=o v 5 A
|8 FolMe AAARA 13 314 E 59 Aot dast gholy ol 229 37152 B4k, ol FEl dad
o, olof wet £ Fik 9 f5 WE Y] W 27 g ZRAREE o]y #Ho] A or HoHE oA

(a) Baseline case (b) Tangent angle at 0°
Temperature K]
Fig. 6 Effects of combustion flame temperature distribution under different effusion holes configurations

sEFHIIASE =28 282, M3=, 2025 81



[POEAFA -

Kl

&)
—

)

(o)
=2
o
\_/

d)l Xﬂ Pﬂ }9} o], 2oy o] 54
ol AAH L, o5 Faf eF> 2
FAEo] dar] WRRe dE
K
A

N
=~

‘:‘0‘1 o i H.IIO

effusion

7t

BN
_1\1
H
Wmlos
3_

rir n 1o rl

L Jo
e o hu

B lor sy
= 5

1t} Effusion &o] 285
/| A= et ok

o &
;O

ofm
= 4

of

j,
=
>

[0 ox Mo o

£
L
fr e
~
=
4z
N

>

)
L
K3

2
=
38
o
Am
ol
i)

)

ox
N o
>
N

il
ol\
2
ofll
o
i)
32,
=
5

= S 07 +30°, +30° &0
FAZF GFobAl= e Eelrh webs BC @24t H
o], effusion 22 & AAZ avE gytdg o=z 93}
AU A AL, dA4d 1l 7MAREE gho|HE HIs}
of Aa7] A4 849 W+ 1 ol 71T 5 S
ghelskt.

Bl md o
ol jt )

3.3 2loj He| 2= H HZt &8

i
)

PO p2 froex

Fig. 7& 947] 2ol uwo] ofs) W B

1 X (absorbed radiation flux)9} &
2 el Aolct, ofkst effusion Y22 HY
e ol e MgHE BAjdo] 2
2%t Aer FAEQ 53], YAZHEHTA)°] 0°

Fe|Qck(Fig, 5 9 Fig, 6 =), 1ot
30° B4 E3 7|2 FBC) Hiv|

25 Yehilth, A4 2, EHTA 0°7}
Bap0) A% 712 A T oF 77.719%2] AR &
A AE Bon EHTA +30° U £30° FAlol|A]
F76.96%, 76.50%2] Akek AT} sHlEglct, W,
W2 740l U dold Wee] WY BE L
(area—averaged liner wall temperature)S EA3}3c}
1 Ay, FAZHERTA)O] 0°Q1 FAollA= oF 47.81%9] &
= 4 5371 EelE9l o, EHTA +30° 2 £30° gAlo

3 A0 Yehgon, gold ¥Hos Agdul BAd Z
243
EL

H-

OEE EHTA +30°

[> oo rlo
_,>:

e

(3

o, _IEE

S
)
o
1o

ST o > U W |
g

o]
[e]

o

82

P%E.

Absorbed radiation flux [W/m2]

1o
=
Lol

0x

1.0x10°

8.0x10*

6.0x10*

4.0x10*

2.0x10*

. . . 1200

—=— Liner wall area-averaged
—m— Liner wall area-averaged
- 1000

- 800

- 600
— "

Liner wall temperature [K]

BC

1 1 1 200
EHTA of 0° EHTA of +30°  EHTA of £30°

Fig. 7 Effects of different effusion hole configurations on

Q1z7] Awe]
o "ol =
uH7HH1

Sl=
2l

the linear area—averaged absorbed radiation flux and

Lkl

W7} A Y

7’]:

]_}Lotgas -

walltempeature

temperature distribution

46.80% 2 45.01%9] 2% A7 AIF7} LrERdT)
effusion &o] g4 FHPogHE AYE:=

of.
NS
ol

THCooling effectiveness,

Fae Thea} o] ol

Ir

@

Thot_qas -7

AZINA T T}, 4 gos = AA A7 A2} S04 2

WA Heat 2E=5 YEhddh T

> o g

walltemperature =

7] gloly W exs 94\3]6}1:} Fig, 82 14:7] mElojA]

o et mst g

NN 2 Ao d
Jrlﬂjg :

=

0
>~
o

n <=2

£ =27 .
P27} ol z e s oldglo] Wet Fabt PHdl
oy, 3, Y7 2] E2s oY %—5 effusion 29| &
PA

=)
F4%.

lt n[-n

—

o, K
ode g, o

=
e

)

o
%

Jo
il
i)
e
W
rO
Jo

L
T
5

1 sl 71 s 8

ol 7} %‘Rkolﬁ lﬁ‘r—%oi% +3o°, +30°, 18]l BC

So@ vt

=R HEE

=24 283, M3=, 2025



Hao| 2tojH

9| effusion = HIE MA7I A E

BC

EHTA of +30°

Cooling effectiveness

EHTA of 0°

EHTA of +30°
AV AN okl X Q.6 <) Q.6 Qf\ AP QP A

BT

[n]

Fig. 8 Cooling effectiveness distribution under different effusion holes configurations

Fig. 9& thefst FAdzto] 285 Aar] 3ol il
oj] WHo] W7zt G8(cooling effectiveness)S B|IL
ot Avs TeEE uehd Zlofn, T oA 2qled
A5%0l, effusion &o] 288 Gz 2holv Hie
o Wzt a7t 7] FAHBC) the] A A Aes
A= Qi BC 34-Z dio = 33t AlEdlold A}, A

=

1

s

O
AL o >

¢

A Bt Y7+ LS ©F 0,1652 AT EHTA 0°7} &
S5 P40 7%, BC tiH] oF 340,28%2] ¥7 A dgel
iy

AE Byt E3H EHTA +30° ¥
+30°7} 85 FAME Zhzt oF 327.73%, 320.74%)]

3 fo] elE]glon o] HE effusion & &
WSt AAR Yzt v e Alset

—B— Cooling effectiveness

—
R —

0.6 -

Cooling effectiveness (1)

0.2

1 1 1 1
BC EHTA of 0° EHTA of +30°  EHTA of £30°

Fig. 9 Effects of different effusion hole configurations on

the cooling effectiveness distribution

s=RMPIHSE =28 M2s8, M3=, 2025

3.4 Effusion & HiHo| M2 &7 2 Uz %
thermal NOx

47) &7 WHolAe) Lx BE RUSE A7) e

A, WA 0 L W% 54 AR glo] v

asolt, & Aol 27 exol golug Aoz
BIRE s 4 (2 AHgStel AXE st

— T
Pattern factor = out, max. out, ave. -
Tout, ave. T

A7IA T= At 371 2%, Tow, max = =17 W 25,
Tow, avet™ &1 Hut =5 Z4zb oujgich #fje g
(pattern factor) ko] 0ol 7W7h&5 Yl Y+ %(TIT)
o] Hxvt By 4TS oulgitt, Fig. 10= 712 4
(BC)} thefgt effusion Y7+ & vjgo] A8H A4ar] L2

oA sie e Fxo| nj2|= JFE vl 2aE e
Aoltt, ¢4 WhE FAof Wz avprt 285 A ¢ BC ¥
&) A, 7P w2 s 9E gro] AlbE|glom ofof w)

= |02 fFUgh 2= Favh A=
Hh, E}OM HHof| effusion Zo] A8 FAollA= b
H 7t Aa) SARE ASE ASEHA Ao
2 =2 3" 9y gho] A=Y 7HY =2 aiE HE =
EHTA +30° gAtoA Uehdorn, o207 = EHTA 0°
130° P4 =oF2 =4 A=

2 AFolAe A4 Y F EAYSH= thermal NOx HiE
of thall effusion & FAo] w|x= FF= A5
Thermal NOx A§AJo] Toish= 3}st HE-S-2 Zeldovich H|

83



[POEAFA -

10

—H8&— Pattern factor

09 |-

0.8 |-

0.7

Pattern factor

0.6 |-

0.5 I I I I
BC EHTA of 0° EHTA of +30° EHTA of £30°

Fig. 10 Effects of different effusion hole configuration

on the pattern factor distribution

70

—&— outlet area-averaged
60 -

I \
o e —

30

Thermal dry NOx (@15% O,)

1 1
20 BC EHTA of 0°

1 1
EHTA of +30°  EHTA of +30°

Fig. 11 Effects of different effusion hole configuration

on thermal NOx distribution

AUES W2t} [26]. o]of] gk FAH BhE- HAUSS
B Azl A °q¥ [24]¢} #a1 24 [36, 38]°) AAlS
A Al=lo] Qltt. Thermal NOx2| T38| A4k th3at 22
AR 4= 9t

NO mole fraction < 10°
1— H,Omole fraction

Dry NOz (ppm) = (3)

Thermal dry NOx (Q15%of O,)

_ 021-0.15 )
DryNOr 0.21— O,mole fraction

Fig, 112 A47] S THolA Ak W3 H4t thermal
NOx H|&H(area—averaged thermal NOx emissions)&
UrE}ﬂ ﬂJEOlE}. 3|4 Axto] W=, thermal NOx HjZ
E(adiabatic flame temperature) 2] F3

= RAEY, ol <8, Wrto] 485
(BC)Oﬂ/\‘]L 7V =2 4~%9] thermal NOx

vhy - gloly EHO|| effusion WYz}&o] Hj

A FAol AL NOx STl Arja o= v ekt
E3], EHTA 0°7} 8% Fxo|A= ¢F 20.23%2] thermal
NOx 747} THaHE|9lom | EHTA +30° 2 £30° &Abo]A]
= 7}7} 18.10%, 19.17%9] 74-S vpehlich, o= Wz ¥
717} 12 oS autH o R Ao 24 I NOx A4S
AAIRE dt= Al 4= Sl

4. 32 B

7)o A AL IS AXAA Lo Z Fo
U Hekshe A4l 74 a0 ]1:} o] oA A4 T}
oly, gl Ego]= & w0y} 7o A Q40 YTAL
GA = AL S A5 Y3 wl> Fa35c)h o]

uhet Yzt 7]= 9] _TLEQ-E 7 ZQ3F 34 & sUE o
At & A= 4
o] 9] effusion YZ+& fg/}}o WYzt AL

Ak e, FAlo] ¥ 59 da B ujE S o
M= FrEE ekt & A9 =8 Aiks thEy
o] aoFsk 4= Qlrt.

a40) 22} goA= o
Ao| 2= Sl
EHTAZ} 0°¢1 ¥47] gfo|uHofA]= radiation flux &
G2 o 77,11 FH2BHAT, olel et efol] Lt
oF 47.81% o}l HbH, EHTAZF £30° & +30°¢]
A L-o= radiation flux S5%1} gfo|uy] ¥ 27}
a8 2715 AU WA

2

~

3) effusion WZrEo| ALy glo|y o= W2k &
= F % © = vepyltt, 53|, EHTAZ} 0°¢

3 Z oF 340,98%0] el 7R
P
4) ¥y & A7at Wz 98 SFA, 12]31 Thermal
vy A 7P 435k A2 HQl
effusion Y2 FAS EHTAZ} 0° ¥ +30°Y o=
Lebget.

o] :=FLo 2025 % HR(ARIEAIRIYR) o] Ao Ft
SUA7 e 7S] As ot 3 7 U(RS-2021-
KP002514, HA7fARF aleurd A g ir)s 2 Ak}
AEAAED)

=R HEE

=24 283, M3=, 2025



HAAT| 2lo|d HO| effusion & HIE MAI7} HA E
References

(1) Deng, S. Wang, X,, Tan, H.,, Mikulcic, H., Yang, F., Li, Z.,
and Duic, N,, et al., 2016, “Thermogravimetric study on the
co—combustion characteristics of oily sludge with plant
biomass,” Thermochimica Acta, Vol. 633, pp. 69~76.

(2) Han, J. C, Dutta, S. and Ekkad, S., “Gas Turbine Heat
Transfer and Cooling Technology,” CRC press, 2012.

(3) Desantes, J. M., Molinal, S., Novella, R., and Juarez, M. L.,
2020, “Comparative global warming impact and NOx
emissions of conventional and hydrogen automotive propulsion
systems,” Energy Conversion and Management, Vol. 221,
113137.

(4) Andrews, G. E., ASERF, A. A., Mkapadi, M. C. and Tirmahi,
A., 1986, “Transpiration cooling: contribution of film cooling
to the overall cooling effectiveness,” Journal of Turbo Jet
Engines, Vol. 3, pp. 245-256.

(5 Yang, L., Dai, W., Rao, Y., and Chyu, M. K, 2021 “A
machine learning approach to quantify the film cooling
superposition effect for effusion cooling structure,” Inter—
national Journal of Thermal Sciences, Vol. 162, pp. 106774.

(6) Bogard, D. G., and Thole, K. A., 2006 “Gas turbine film
cooling,” Journal of Propulsion and Power, Vol. 22, No. 2, pp.
249-269.

(D) Lu, X, Ji, Y., Ge B., and Zang, S., 2025, “Swirl impact on the
overal cooling characteristics of an effusion cooled cobustor
liner with cylindrical and fan shaped holes,” International
Journal of Heat and Fluid Flow, Vol. 112, pp. 109688.

(8 Han, J. H,, Dutta, S., Ekkad, S., Gas Turbine Heat Transfer
and Cooling Technology, 2™ Edition.

(9) Shen. D., Cheng, M., Rong, G., Sheng, Z., Zhang, Y., and
Wang, J., 2024, “Effects of film cooling injection angle on
cooling performance in rotating detonation combustors,”
Physics of Fluids, Vol. 36, No. 2. pp. 026118.

(10) Tamang, S. Kwon, H., Cho, J., Ligrani, P., Lee, J. H., Jung, Y.
G, and Park, H., 2020, “Numerical investigation of adiabatic
film cooling effectiveness through compound angle variations,”
Vol. 78, No. 10, pp. 1-24.

(1D Yao, R., Chen, J., Wang, J., Song, W., and Su, H., 2023,

s=RMPIHSE =28 M2s8, M3=, 2025

“Large eddy simulation on trenched film cooling with
forward and backward injections under pulsed conditions,”
International Journal of Heat and Mass Transfer, Vol. 215,
pp. 124516,

(12) Li, A, Li, G, Ly, J,, Li, N, and Lu, X, 2024, “Effect of
injection angle on film cooling characteristics and loss
mechanism of contracted double—jet hole in a flat plate,”
International Journal of Thermal Sciences, Vol. 201, pp.
108985.

(13) Zhao, Z., Wang, S., Wen, F., Tang, X, Song, J. and Wang,
Z., 2022, “Large eddy simulation of compound angle film
cooling with vortex generators,” Fuel, Vol. 178, pp. 107611.

(14) Jiang, Y., Li, H., Huang, Y., Xie, G., Zhou, Z., 2023, “Effects
of dislocations on film cooling effectiveness of a laidback
fan—shaped hole,” International Communications in Heat and
Mass Transfer, Vol. 148, pp. 107063.

(15) Boyce, M. P., 2012, 20-Gas turbine performance test, Gas
Turbine Engineering Handbook, 4th Edition, pp. 769-802.

(16) Gu, H., Zhou, D., Du, K., and Li, W., 2023, “Overall cooling
characteristics of double wall effusion system considering
materials selections and hole arrangements, International
Journal of Heat and Mass Transfer, Vol. 216, pp. 124599.

(17) Dong, G., Liu, Y., Wang, M., Zhang, J. and He, X., 2024,
Experimetnal and numerical investigation of swriling flow on
the conjugate cooling efficiency of an effusion—cooled
combustor, International Journal of Thermal Sciences, Vo.
198, pp. 108846,

(18) Huang, W., Jiang, J., Xu, Q., Du, Q., Zhou, W., Peng, D.,
and Liu, Y., 2024, “A comprehensive heat transfer inve—
stigation for impingement/effusion cooling under crossflow
conditions, International Journal of Heat and Mass Transfer,
Vol. 220, pp. 124950,

(19) Jones, W. P., and Toral, H. 1983, “Temperature and
composition measurements in a research gas turbine
combustion chamber,” Combustion Science and Technology,
Vol. 31, No.5-6, pp. 249-275.

(20) Tamang, S., and Park, H., 2023 “Numerical investigation of
combustion characteristics for hydrogen mixed fuel in can-

type model of the gas turbine combustor,” International

85



YA -

Journal of Hydrogen Energy, Vol. 48, No. 30, pp. 11493-
11512.

(21) Tamang, S., and Park, H., “An investigation on the thermal
emission of hydrogen enrichment fuel in a gas turbine
combustor,” International Journal of Hydrogen Energy, Vol.
48, No. 100, pp. 40071-40087.

(22) Shah, R. D., and Banerjee, J., 2012, “Isothermal Analysis of
CAN Type Combustor Using Five Hole Probe,” Journal of
The Institution of Engineers Indian series C, Vol. 93, pp.
313-324.

(23) Kwon, H., Ligrani, P. M., Vanga, S. R., and Park, H., 2023,
“Comparisons of cooling performance and flow chara-

cteristics of a combustor liner plate with compound angle and

86

5& - o

Lol

|8

simple angles effusion holes,” International Journal of
Thermal Science, Vol. 185, pp. 107984,

(24) Tamang, S., Son, J., and Park, H. 2025, “Numerical
investigation of combustion performance and pollutant
emissions of methane/hydrogen fuel mixture in micromix
combustor,” Fuel, Vol. 387, pp. 134377.

(25) Khalil, A. E. E., and Gupta, A. K., 2016, “On the flame flow
interaction under distributed combustion conditions,” Fuel,
Vol. 182, No. 15, pp.17-26.

(26) Cox, L., 1999, “Nitrogen oxides (NOx) why and how they
are controlled,” U.S. Diane Publishing,

(27) ANSYS FLUENT User’s Guide ANSYS Inc.

S=EFHIIHEE =28 282, M3s, 2025



	연소기 라이너 벽의 effusion 홀 배열 설계가 연소 특성 및 냉각 효과에 미치는 영향에 대한 수치해석적 연구
	ABSTRACT
	1. 서론
	2. 연소기 모델 구조 및 수치해석 방법
	3. 결과 및 토의
	4. 결론
	References


