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Introduction : Low-Swirl Combustion

« A swirler of low swirl combustion, unlike general high swirl, consists of vanes
and perforated plate.

» A lifted flame is created by the combination of the core jet flow and the outer
swirling stream.

Jet flow Low-swirl flow high-swirl flow

Center
body

Swirler

Outer
recirculation
zone

(ORZ)
I,
Premixed Premixed b s
Db reactants teac.tants
Image: A. Colorado and V. McDonell, CST, Vol 189, 2917
4 N
T\ XT f
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Introduction : Previous Research

« H. Jegal et al., Proc. Combust. Inst. (2020)

combustor length (1) 900 ~ 1800

E‘xi:Ih““
-hoked inle 1=1300
S 337 T g\_lzuill. ‘ ' combustor 2
Plus2 Pps2| P2 P2 | ; piston 2
| » p— i — 0?’3 _ cooling water
N 2 f
Y = g
Tover: | 314 Tow ' cooling air . "
fullv-premixed swirler 2 a Prr2 ! D'vrs i =
HSI (100%) LS01(87%) LS02 (75%) LS03 (63%) LS04 (50%)

=40 ms™" "

m
$=0.65

X (mm)

Abel-deconvoluted |,
CH* emission
(time-averaged)

0
r(mm)

Instantaneous OH
PLIF

TVINEXTfoam
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Introduction : Objective

« LES analysis applying FGM technique to low swirl model
combustor according to the swirler core blockage ratios.

« Comparison of the flow fields

« Flame structure comparison

« Emission performance comparison

The 56 KSPE 2021 Spring Conference 5



Numerical Method

i
« Computational domain
002 0 002 004 006 008 0.1 0.2 014 016 018 02 022 024 026 028 03 032 034 036
0.0 T = 3 F 7 05
o She eI s e o4
0.03 R R ~ {003
0.02 H il {002
0.01 ‘ to.01
0 0
-0.01 o0
-0,02 Bl 11002
-0.03 il i . |-003
-0.04 e T e 0,04
00 2 = 005

002 0 002 0.64 O.bé o.ha 01| 012 0.14 016 0.18 02 022 024 026 028 03 032 0. 0.36

Al ~ 30 um Al~05-1.0mm

Cells: 4.58 M

HS (3=1.0) LS02 (8 =0.75) LS04 (B = 0.50)

swirler

G
LNINEXT foam
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Numerical Method

« Reactant: premixed methane/air
« Equivalence ratio: 0.65

e OQutlet pressure: 1 atm

* Inlet temperature: 473 K

* Inlet mean velocity: 11.48 m/s

Unit: mm
D=109.2
d =38.65

U, (uniform flow)

B 4 <
LMINEXT/oam
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Numerical Method

FGM (Flamelet Generated Manifold)

Turbulent flow

* LES (Large Eddy Simulation)
* Dynamic One-equation model
* Mesh generation

- snappyHex w/ Salome

Source term

b I

1000 -200 O 200 400 600 800 10001200

800

600

400

200
0

1

0.8 2x106

06 - -1.6x108
4 02 4000050
Progress Variable 0 Enthalpy

The 56 KSPE 2021 Spring Conference

Turbulent combustion modeling

3D manifold } [ Presumed PDF

Detailed Chemistry
(GRI30) w/ Cantera
Heat loss
PV(Progress Variable)

* [3-PDF approach

Variance of PV w

3D Flamelet-Generated Manifold

Source term

1200
1000 0 200 400 600 800
800
600
400
200
0

1000 1200

® 02 ;
“ 04~ . 02 0.25
0.6 01 0.15

0.05

0.8 _
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Results

Velocity magnitude [m/s]

* Velocity at swirler 0 15 30 15
| L

Swirler inlet  Swirler interior Swirler outlet Combustor inlet

HS

'
2

LS02 ‘
@
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Results

* Velocity contour

UMean Magnitude UMean Magnitude
2 1.7 218 319 42 0 9.39 184

R 27.4 36

LS04

UMean Magnitude
0 713 14.1 210 28
w. L bl Lol ol |l Ll LLLL L L I L L ]
- N
. LVINEXT foam
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Results

Velocity profile

+0.5 d from nozzle

Axial velocity (m/s)

30 T T T

HS ——
5 : : . LS02 ——
25 e ..................... ....................... ......... LSO4 -
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+1 d from nozzle

Axial velocity (m/s)
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Results

Comparison injector

HS vs LS

Time: 0.2000 s

HS
Temperature

T
1.852e+03

E1507.4
| 211626
Attached flame £817.81

EA 730e+02

N

Time: 0.2000 s
LS02

I
1.873e+03

E:]523.1
‘ -~ E1173.1
x v -823.04

EA 730e+02
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Results

« Comparison injector

Equivalence ratio = 0.65 Heat release rate

Heat release rate (J/s-md)
3.4e+02 4.3e+7 8.5e+7 1.3e+8 1.7e+08

fime average

LS02

fime average

LS04

time average

y TINEXTfoam
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Results

« Comparison of experiment and simulation

Previous experiment Present simulation

CH* chemilumi. OH PLIF Time-averaged CH Instantaneous OH

(a)
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Results

e Emission performence CO emission rate at exit : HS > LS02 > LS04
NO emission rate at exit: LSO02 > HS > LS04

(Used GRI-Mech 3.0)

CO emission NO emission

2.892e-04 00024 0.0045 0.0064 8.677e-03 4.880e-10 1.5e-6 3.1e-6 4.6e-6 6.121e-06

WIIIII|II IIIIII\I‘I\IIIIIII
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Conclusion

* LES results using FGM showed similarly to the
experimental results at reference research.

« The flame structure is as follows:
» HS: a general anchored flame
» LS02: a stable lifted flame
» LS04: a large triangular distribution flame

e COemission: HS > LS NO emission: HS = LS

The 56 KSPE 2021 Spring Conference 16



Future work

 Flame behavior near the
- Flame liftoff height with inlet velocity

® =0.65 ® =0.65

HeatRelMean HeatRelM
—2.352¢+07 —1.2686+08
1 764647 —0.509e+7 — 2.0e+08
E — 1.5e+8
6.3396+7 6
1.176e+7 [}
=
let8 ©
&
o]
3.17e+7 %
5.881e+6 -
2.152e+03 3.66+02

4.360e+00

Uy Uy

The 56 KSPE 2021 Spring Conference 17




Thank you for your attention.
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