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Optical Measurement of Spray Combustion Fields
in a Sub-scale Model for Aircraft Gas Turbine Engine Combustor
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It is of great importance to understand the combusting flow fields in combustors for efficient design

and improvement of low-NOx aircraft engines. In this study, a sub-scale combustor with a realistic air-

blast atomizer is newly fabricated, and the internal combusting flow field is measured using a PDA

(Phase Doppler Anemometry). It is observed that blue flame indicating premixed-like flame with low

equivalence ratio appears in the upstream region, whereas luminous flame indicating diffusion-like
flame with high equivalence ratio appears in the downstream region. Up to half the fuel droplets are
circulated in the recirculation zone and the droplets motions are strongly affected by flow rates of

air and fuel. The observation and qualitative data obtained in this study would be very useful for the

validation of the numerical simulations of spray combustion.

Key words : Gas Turbine Combustor, Spray Combustion, Swirl Flow, Recirculation Zone, PDA

1. & ]

MR, MERRER2EZEKZHEHS (CAEP:
Committee on Aviation Environmental Protection) #%
BIRTHHEFICIL VBT AEDPHIBR I NS, CAEP/6
FEH (20088 %)) TIENOxOHHMEIZEL T, £k
DCAEP/ 4 #ifll (2004F%h) 1ZxF L T12 %HIRK & #,
20104E 23RN S M 72CAEP/ 8 Ml (20144E%%)) 2B
WTIEEHIZ15 %HTRENTB Y, Zoho 3 3% oM
BERYE LD ICHBRBAFITEILIN T RBELTH

A0, ZDXIIZ, BEMREZ I YOBERBIIBWTIL,

NOx B UOHMBEBRYDEBEEBE L o Twd, R
BHICES L, oo VIET v ¥ v HREE
BERRET L0, BB X, BERSAFoR
WRBe L7 ¥ RS ABROBYELIZE 2% L O

ERZf 2010468 B 9 H
RE%T  20114% 1 B20H
1 ZFEETH BHEFEHMES A5 AH8ER
T485-8561 AR/ MR A 1200
* 2 R ARSEKFEE TR
T606-8501 HUHRTH A= 5 X 75 AN
* 3 KBRKZFXEETEURR
T565-0871 KEFKRHAHILEE2-1

RBPLEL 259, 18- T, M LEAROZDITIE,
PRI O TR B IRBET S & A R O A AR O
HHFBEETH D, TOFEL L CIIERMIIZE & BT
WFFE DD AR Td 5@,

LaL&AS, ERIFIERIZBVTIE, BBRNESIC
B BB AR IR BRI O E I L D Bk
ZLL, BORESHG S L IEMBSEIIE L —
H— AW B L OEGFZHRO 720 DN ORER O E &
DEBTIRERIE LY, Lo -BEND S,

—75, BRI BW TR, BEDa Yy Ya—F ik
FEDIH) b & BAEFH RN O MIEN 2 #5 2fE v, B
WA T R & —E VLT DIRBERRNIRBESS ~ DI
ByIalb—Yaryo@HMIbNE IR oTET
Who LAL, TOXIREEIIaL—YavilBwy
T, a— FEGEA & 2 2 BEEOBVERT— ¥ 25+
SELNTVRWI LPFREL S NTwb,

T T, AT, EBROMBRAIZA -z
VIV VBRBBICHERAEINTWEILDEREY AL DT L
TANWLBLT TS A VEHREETL 127 55 (I
B 185 oF T Ay — VBRI WT, 2O
IR & N5 EBIRBER O NI 24TV, BEAED

NI | -El ectronic Library Service



Gas Turbine Society of Japan

126 REEAZS-ELIL YU BMBROY TR -V EFVREIC Y IEBRABOLSIE HAH R 2 — UL 3ot

BBy, R - HESAD» O/ SN FRREROME,
B ORREL T & & R E OBV TR 21T 5 72,

2. EREESLIUERSH

B TH G2 T A7y — VBRBERRIZ, ENOR
BO—DODOHETH HRQLEBES (Rich-burn Quick-
quench Lean-burn Combustor) ¢ -—¥RERBEFEIRIZAH Y
T2, LTV 74 VAEILT 75 A MESFOW
2K 1R BEFICE, BE2 53 2 iEiL,

BEEZZRMZ A LS5 & &b IR E MR Ly

BAVFATSETIF AT SHRILNAT VS, Zh
5 ORI A EIOMARHEICDOWTIIE A ORI, X
N T %250, SEIE &SRS 5 E— T TH 5
WREMIERNS L L7z REFAICBWTIE, BEIZ4
D DFEEFLA 5 S FPIER O R0 P 0 7 B BE T 12 g [E] R
WHEHSHh, W (FL71vh) 2, BREEENE
CRRICEH SNBSS 2 DD AT 5 THRAT B

EHWC & D Bhifbshs, AT— VUL, A v F AT,

TUERATSEHITH2E LT

Swirler

Fig.l Schematic of air-blast atomizer

RBEEIZOWTIL, FE%AE (B CTHEEFOADR
Bre, ERRIRRICEE LB TIIKEERITAEE
bl FEREBEO-DICIIRER 2 EET L0
bbo —F, L—F—A4 B, KROCESORED:
DB 0 L CTHERO B LB TH L, 22
T, ERERE R 7 — ¥ ¥ L#60mm x B54mm
XEEZOmmOEFRBRBEELEEL, BH4HDOH b
SHEEAETIAWME LT, BY 1WICHEKHD A —
TS 7 REF L. 25T, RQLIRBES Tz — kR
BEROBBILE L, TIVAES T AWICHEL T
FERUPEEEE 25 LI HESH L7209, I
2R e TR T I LTS ZANEADTIAEZ I
THELDBHII, —ERMBICHERERELLTCYT R
WA B L7253 2B BREAT2F0TRET o7

AR THVI-EZEREEOMBHZK 2 1IRT, E
FTIOBPAL DO BB OV TIIK L 2 RE L X
NTEHD-O KRBT EERES COEN %
THEE T 5 RIERE (~2MPa) 2ERTRERLREE
REEFE 2 BT 5725, SEEOHERE LCTH T A —
WVIRBERR R PSR LA KRESEM & L. BB

1:Air tank

2N, tank

et aas Shauid fuel tank

. 4:mass flow meter
Schurner

Gnozzie
Thigh-pressure chamber
Burefief vaive
Sipressure control valve
H:quartz window
1hArHaser(514.50m)
12:opticat fibar
13:PDA transmitter
14:PDA Receiver
15:signal processor
18:0scifloscope
TP for PDA
18:PC for traverse
19:optical rail

Fig2 Experimental apparatus
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Tablel Experimental conditions

Fuel Air Equivalence
flow[kg/s] flowlkg/s) ratio
CASE-A | 1.62e4 2.72e3 0.91
CASE-B | 2.32¢4 1.29
CASE-C 3.23e-3 1.09
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Fig.3 Sub-scale model combustor and direct flame image in
CASE-A
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Fig.5 Droplet size distributions in CASE-A
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Fig.7 Radial distribution of time-averaged axial droplet
Fig.4 Measurement points for PDA velocity (Uave) for all droplets in CASE-A
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Fig.8 Radial distribution of droplet size (SMD) in CASE-A
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Fig.9 Radial distribution of time-averaged axial droplet

velocity (U5) for droplets with D<5 g m in CASE-A
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Fig.12 Direct flame images in different conditions
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