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ABSTRACT

The main injector of a lean premixed prevaporized(LPP) gas turbine combustor for reducing NOXx
emissions starts to operate from a point where a certain level of thrust is reached and controls to a
high thrust. The radia swirler mounted on the main injector plays a large role in thrust control and
contributes to stable thrust control. In this paper, the flow characteristics of the air injected from the
chamber according to the change of the swirl number are obtained by using Particle Image Velocimetry
(PIV), and the flow velocity and spray angle according to the injection position are measured to check
the influence of air flow. It was confirmed that the radia swirler, like the axial swirler, also increased
the recirculation area as the swirl number increased. When the aerosol was injected into the atmosphere
using a radial swirler, the spray angle increased as the number of turns increased, and when the number
of turns exceeded a certain number of turns, the aerosol could not move forward direction. This means
that the swirl number is increased, when the back pressure gradient is largely formed in front of the
slewing machine, the flow must be structuraly supplemented so that the flow can proceed forward.

© 2020 KKITS All rights reserved

KEYWORDS: Lean premixed prevaporized, Main injectors, Radia swirlers, Particle image
velocimetries, Swirl number, Gas turbine combustors

ARTICLE INFO: Received 6 September 2020, Revised 27 September 2020, Accepted 13 October 2020.

‘Corresponding author is Graduate School, Korea E-mail address: choimh@kau.kr
Aerospace University, 76 Hanggongdeahak-ro,
Deogyang-gu, Goyangi-si, Gyeonggi-do, 10540, KOREA.



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 15, No. 5, pp. 785-793, October 2020

1. A&

A AARCE AR A W77k~ 7t
A7 ZAstEEA NOx wjEd A-E 913 7h2H
H o fgo] o] A1 Stk =ANZEET]F
(International Civil Aviation Organization, ICAO)el
A AR W77k AE NOx W& Ats 9
g 284 Th2EE pde] 71Eol Ha QITHI,
2l Holl 18 Th2ENl dAVER TP FE
e da Y U &Y FE (Lean
revaporized, LPP) ®-2lojti{1, 3]. 3]u}
e 5w WA A3yt dojur] He| A&

s~
—
@D
.
>
(9]
o
a)

€ &3 SEAA g1 ddsAl el HA
sto] g S =AU AT AP0 =
A a7 Wi darh dojuAl HE 44
o2 # 9 davt dojuA @A Hol 44
g g2 AT Y3, FFHoE W2 3
LS55 FAA Hol NOx HiE&Fo] 43 7a
Aok AT A A z2dAM A58 HHE F
TA77] e Be Adel Basta, oA
dEF da FHAA 937t 2HE F e A
ol Sith. uebA A HIE ffste] dA <&
weA gdstal LML F =S da7] 9
K879 Fx9b @4 AAS ok T3]
A Eu dEF dFE daT|EA

General Electronics(GE)o A 7jatel o]% 33 o
&g A3g7|(Twin  Annular Premixing Swirler;
TAPS) W29 d47]7h SitH4l GES] TAPS <14

stol, A13]71e Fol wet Ade) A=rh W
T W71 gzl AAF AV Fest’,6]

A3 74 0.6 vtel e o3 &850 A
A77) dEell, g A3 71 06 ool A

Aslzde FeNd 5 e AI7E AR

Bir - Premixing flame zone

B Fuclinjaction

Pilat flarme zans

19 1. GE TAPS 924 /d=
Figure 1. GE TAPS Combustor Concept [4]

= $2E A3
A3 o et 37 5 FEdds dFste
2 st9eH,  dAGAFEAParticle  Image
Velocimetry; PIV)E ol&3td 37 4 ¥ #%&

4, e e A 45 52 FUstAh
Jelal 2% AdAA 4
A, PIVAA 9 o9 YA-EAEA AA o tisto]
AMET 349 A 9 1FE Foto] 484 A

2. 4932 2 By

21 437 AA



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 15, No. 5, pp. 785-793, October 2020

A3)7]¢]
4~(Swirl Number ;
3 2ol Fad
BAEE A3l W BFoE AAsHoH,
AAE 3719 MFEE <OF 2 Yeiith

T3 AHA AREE WA
2 QA" JepATSL

9 %

Bk

Aar mlet

NIATE

T2 A HATT]

AAshe 24EH A3

SN7F slem, A3 = 4 (D

. BA)

W 48719 29

ad 2 93 A8 Ags
Figure 2. Schematic of Radial Swirler
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Table 1. Design Condition of Radial Swirler
N, o a, R, R ) /s SN
24 36.63 51.03 15 25 0.04 10 0.6
24 32.75 47.21 15 25 0.036 10 0.7
24 28.85 43.39 15 25 0.031 10 0.8
24 39.53 53.87 15 25 0.044 10 0.9
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Table 2. Equipment Specification
Laser
Wavelength 532 nm
Type ND:YAG Double pulsed

Output Energy up to 200 ml/pulse

Max. Repetition Rate up to 15 Hz

External Trigger Laser

. 10 xS minimum
Pulse Width

Camera

Sensor Charge-Coupled Device

Active Image 1600 X 1200

Pixel Size 55 ym X 55 pum
Video Output 12 bit

Max. Frame Rate up to 42 fps
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Table 3. Specification of Seeding Generator and Oil

Seeding Generator

Chamber Height 300 mm
Chamber Diameter 170 mm
Chamber Thickness 15 mm
Impactor Plate 136 mm
Nozzle Diameter 9.5 mm

Nozzle Type Reference Nozzle
Nozzle Hole Diameter 1 mm
Number of Nozzle Hole 4

Oll @20 C

Oil Type Soybean Oil
Density 910 kg/m*
Viscosity 0.06 kg/m - s
Surface Tension 0.031 N/m
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Figure 5. Axial Velocity of Swirler by PIV
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Figure 6. Axial Velocity Distribution of Each Swirler (@)SN=0.6, (0)SN=0.7, (c)SN=0.8, (d)SN=0.9
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Table 4. SN and Angle Values
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0.6 18.7°
0.7 37.2°
0.8 52.6°
0.9 142.3°
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