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Fig. 1 Instantaneous casing pressure field measurement results at spike stall inception in axial compressor rotor
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Fig. 3 Unsteady behavior of casing pressure distribution at spike
stall inception in axial compressor rotor (DES result)
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Fig. 4 Flow mechanism of spike stall inception in axial
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Fig. 8 Experimental results of unsteady measurements at deep surge operating point 3 of transonic centrifugal compressor

_8_

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



Vol.47 No.3 2019.5

[EREHEOIRERRIDERS LY — VB ICH T B IEER RENIRROEFD/CFDER

145

I L TWDL 2 btz RETHRNTHERD,
BHREET R OARMIBEMER A2 M5 & L72DES
WX BIEEHMBIBATICE 5 &, — VR TIERR
B 2 WEGEIR A A O BEMI AT 4 7 2 —HFTile& 52 &
BHLPZR-TEBY, ZOFHLTFT 4 —TH— Y Dt
ENRT A 72— RXLZENPRIFIGLTVDS
ZENbh b,

UEoblBY, KFEFTIIINE THREICED? - 7,
BEHEDIERRO T 4 — 7 — VA E S MR 5
T4 = T = DVRARE COIEEF T — 5 2 IS
HIENTE, 5%, CFDBNIC X 29— VTl
MOS0 012, ZOBELRFHIT — % % MGk
F=Z L THH LTV FETH 5,

32 Y—THEEFICEIIUREEHOEZERIED
CFDfE#h

R OEFDI#AT & 3647 L€, el DEMBE o 2R
kDA ZNG L L, HA4EEVOREK T2 V2K
HBIDESHN & A —/8—2a v ¥ a—% [3] ECHEML
7oo EAERHEADO AR L Lz s, =
HEARZHHT A2 L3 TERVD, AE LR
MO — VR E TICBU LR O R E PR
CEDRAT B % LT TR %o

AKCFDIENT TIE, 4 X TF L F TRBUIBE 2 87 S
WFEET A LD TFRENL Y=V EN R E L
TV I ehn, AOBERE A ¥ RTHi%E» S T5E )
WCRETBULERDH DL, FIZT, 4 ¥R5DEFRICHE
FE ORI ITHY T 2 HIE LT, 1 v RITAOPD
ZONEDOTIN LIICHABERZHE L /12e TR
a— VHINC Y, AR ERIAE A 24§ 5 S % 3%
U, HEEE 2 2 0 — VIS S A E SRR E L7,
ARIFHT TH W ZFHEE TS XM A 72—
HHED, ETHHOMER T LZ. 1 X7
O NVEIIH 1N, T4 72— LIE e,
27— VIRHITEELVTHD, THIZAOB LY
HIENZERE L 72 &5 %2 & o -5 RHE SR 0B vV
BRI AEELVTH L, KL A NV ZEEOk-w X
GLIEE T IWVICHD K DESRHHE 2 F i 5 2 &0 5, BEH
FoORMETFIRIZYT < 12T 2 L) Hahs Gk
L7z

Fig. 9IZARDESHAT 2> 5 1% 5 N7z &R TH %,
FRTIE, EBERICBY 2RKED LA S oRHIET
EHAL L 722 & B EOEBRER (K oFk)
BLUDESHE (MPOREED >y KV) 2R LTV,
FMICIE, DESE#T & [F UMk T3 L OF Uil €7
V% JHW72RANS (Reynolds Averaged Navier-Stokes)
WX B BRI OMHE (HPOHKE Y v ARL) g
TRLTW5, W KEDN EAME D KRR TIE,
FEMIZEHAST 4 7 2 —WTIHAET SHZ &5, RANSIC
X BB WA R I ERRE R L F L R > T b, —
75, DESENTRESAT T — ¥ MO IS B W T D EBE R &

—9—
Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.

1.2
Near-surge point
1.1 ¥
o C
~ C
1.0

| Maximum pressure rise point |
I

0.8

Normalized total pressure ratio

— EXP \
07 H © RANS
e DES
0.6 ;
0.0 0.5 1.0 1.5 2.0

Normalized mass flow rate

Fig. 9 Computational results of total performance of
transonic centrifugal compressor
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Fig. 4 Mechanism of secondary flow suppression
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(b) Curvilinear element blade impeller

Fig. 5 Centrifugal impeller for single stage centrifugal blower
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Fig. 11 Iso-surface of entropy loss coefficient distributions
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Fig. 6 2-year exposure test for plasma electrodes
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Fig. 13 Unsteady C, distribution as measured with the PSP technique
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Fig. 3 Overview of computational grid cells in the standard case
(above) and close-up view of computational grid around
the front edge of the engine hood in the fine case (below).

Table 1 Calculation conditions for the massively parallel simulation.

Standard case Fine case
Velocity 27778 m/s -
Characteristic Length 1535 m -
Reynolds number 1.838 x 106 -
Finest grid size 6.104 mm 0.763 mm
Number of cells 110,333,952 19,233,669,120
Delta t 1.0x10° s 1.0x10° s
Solution time 10s 004 s
Parallel number 4,096 cores 98,304 cores
Grid generation time 10 minutes 60 minutes
Preparation time for IBM | 10 minutes 30 minutes
Flow computation time 18 hours 24 hours

3.2 FEEMEE

CUBE®D #:#ll 72 K BEMGE 2 1T o 7245 R 2 R 370, k%
3Fig. 5I2/RFSUVEF IV TH Y, HW/2CADEF IV
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Table 2 Summary of calculation conditions for validation

Velocity 38.89 m/s
Reynolds number 4.24 <106
Finest grid size 6.10 mm
pr— Number of cubes 36,975
Number of cells 151 million
Time increment 1.0x10° s
Solution time 30s
Parallel number 771 nodes X 8 threads
Flow computation time |21.5 hours

Fig. 4 Profile of the dimensionless velocity magnitude on the
central section. Top: instantaneous result in the standard

case, Bottom: instantaneous result in the fine case. 12 -
115 1 MW Baseline

11 || ™Aero

YEETFN (F) 21T 5, Table 21T &M %R 1.05
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BHUHRET VD 1 BREOERIIONWTHHHEINT Fig. 7 Predicted drag coefficient normalized by the
BY, BVRETELAEITHZEIHL VDL Z Edb experimental data of base line case.

5o

Fig. 5 SUV Model for validation

Fig. 6 Two configurations, Top: baseline, Bottom: aerodynamic

configuration.
Fig. 8IZHAR T E O 5545 % B FEER & iR L 724G
W2 IR, FARRTICH D 72227185 — Y ORY DS, Fig. 8 Total pressure of the underfloor: Baseline of (a)
Y32l —3aryTHHEIAIATEY, B LTD experiment, (b) simulation; Aerodynamic configuration
REH OB 5T, FAHEICOVWTS Y 32l — of (c) experiment, (d) simulation.
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Fig. 9 Roll angle profile of the vehicle (top) and corresponding
aerodynamic forces (bottom). vehicle (bottom).
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Fig. 10 Visualization of flow around vehicle through
q-criterion at t=1.5sec., 2.2 sec., 3.2 sec., and 4.2
sec. from top to bottom, respectively.
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Fig. 12 Six specifications of test cases. Difference from baseline
(Case 1) is shown in red.
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Table 3 Summary of calculation conditions

Velocity 4444 m/s

Reynolds number 423 x 108

Finest grid size 6.10 mm

Number of cubes 29,590

Number of cells 121 million

Time increment 10 x 10° s

Solution time 20's

Parallel number 617 nodes X 8 threads
Flow computation time |14.2 h
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Fig. 13 Predicted drag coefficients for all specifications in three
different boundary conditions.
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Fig. 14 Predicted delta drag for all specifications in three
different boundary conditions.
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Fig. 5 Comparison of Compressor Characteristics
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Fig. 5 Names of typical aerodynamic devices

Table 1 Aerodynamical coefficient summary for each case

Cd rate Cl rate CoP

[%] [%] [%]

Case0 0.0 0.0 415
Casel 1.2 3.7 42.3
Case2 19 55 424
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delta Cp O (i
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-0.05

-0.10 L

Fig. 6 Pressure coefficient distribution (casel)
(Upper: Absolute value, Lower: Difference from Case0)
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Fig. 8 Streamlines of the vortex core from the front canard or flick up forward/rearward
at each x-direction sections (left: Case0, right: Casel)
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Inflow area from body
side to the underfloor

Fig. 9 Streamlines into the underfloor (left: Case0, right: Casel)

Table 2 Individual coefficient rates for the canard assembly
and y-direction flow rate into the underfloor

Canard assembly y-diri%téolr;nfzi(;\;vﬂgiie into
Cd rate Cl rate Absolute Rate
[%] [%] value[m?/s] [%]
Case0 0.0 0.0 1.468 0.0%
Casel 0.1 04 1575 7.3%
Case2 04 0.5 1.629 10.9%
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Fig. 10 Appearance of newly generated vortex from the front
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Application of Laser-Wipe Cleaning for Removal of Soot Deposition on Glass Surface to
Visualization of Flame Inside The Pilot Cup of a Coaxially-Staged Aero-Engine Fuel Injector

Bl 4!

MATSUURA Kazuaki

ABSTRACT

LI g2 R Ik
UESAKA Syunya SHINOHARA Ryuta

g Bk A ™!

KATO Kodai YAMAMOTO Takeshi

A coaxially-staged aero-engine fuel injector with optical access through its contoured quartz-made inner- and
outer- shrouds was developed by our research team and has been successfully applied to its optical investigation, in
particular of its pilot flame surrounded by its pilot cup. However, with sooty flames it suffers a glass-surface fouling
problem due to soot deposition. To enable visualization, a laser-wipe cleaning optics was developed, with which the
soot on the glass-surface was removed by the laser irradiation, over a wide area owing to its “wipe-cleaning” feature
achieved by the steering mirror on a rotational traverse. The cleaning laser was operated at 10Hz repetition rate and its
energy density for one pulse was 1mJ/mm2. The dynamic structure of the pilot flame under a combustion oscillation
condition with a modest soot deposition rate was successfully captured, which provides phase-delay relationships
among pressure, fuel concentration and heat release, not only in the main combustion chamber but also inside the

injector.

F—TU—F: Ty b Ty BB WEALN—F A Y2 s, SeERI, L) =2
Key words : Jet Engine, Combustor, Optical Burner/Injector, Optical Diagnostics, Laser Cleaning
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Fig. 2 Schematic drawings of experimental setup.
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Fig. 4 Optical setup for laser-wipe cleaning.
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Table 1 Test condition.

Pilot model U8

Inlet pressure, kPa 487
Inlet temperature, K 545
Combustor pressure loss* 4%
Airflow rate in total, g/s 259
Pilot fuel flow rate, g/s 1.58
Combustor air-to-fuel ratio, AFR 164
Pilot air-to-fuel ratio, AFR) 238

*Percent of inlet pressure
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Fig. 6 Direct photographs showing effects of laser cleaning on
visibility of pilot flame.
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Fig. 7 Spatial distribution of time-averaged intensity of line-
of-sight OH chemiluminescence and cross-sectional
kerosene-LIF on x=0 plane.
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Fig. 8 Effects of laser-wipe cleaning on time-dependent behavior
of sum of OH* intensity in specified regions.
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Fig. 10 Spatial distribution of phase-averaged intensity of line-of-sight OH chemiluminescence and cross-
sectional kerosene-LIF on x=0 plane.
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Fig. 11 Phase-dependent variation of sum of OH* and K-LIF intensity on z=const. cross sections:
Deviations from average and normalized values.
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