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Fig. 1 Membrane tube wall
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Fig. 2 Natural circulation loop
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Fig. 7 Desuperheater with water injection
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Fig. 8 Fin tube
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Fig. 10 Steam drum
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Fig. 11 Flue and smoke tube boiler (wet back)
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B (convective heating surface) & 7->TWw5,

S (superheater) 1R A T AMKD S DRI,
ThbEERNT A0 0 00AIZERE S O L CH
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Fig. 13 Small once through boiler
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Fig. 14 Heat recovery steam generator
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~ 10 MJ/kg OH#iFATEE T 5, ZDIRILVEEIZEW
THMRPERIE 2 @ IE MR 5720, A b—7 (BH)
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Fig. 15 Forced convection boiler
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b fromother Bppinacs ’ Stack  Abbreviations:
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¥ 3 v s 0 L SH  |Super Heater
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Fig. 3 Typical GTCC Flow Schematic
Table 1 CC Parameters Variation .
GT Type/COD Years 9E/1980s | 9F/1990s | 9H/2010s S
GT Exhaust Gas Flow t/h 1470 2200 2800 E — .E
HRSG Steam Production t/h 220 380 450 ool
HRSG Steam Temperature C 520 540 600 [h.:[ =
Single shaft CC Output MW 170 350 570 N
CC Efficiency(LHV, Gross) % 47 54 62 b
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Fig. 4 Typical HRSG Cross Sectional Side Elevation
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Fig. 9 GT Exhaust Gas Characteristics vs % load
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Fig. 10 HRSG Steam Temp. & Press. Characteristics vs GT % load

300
280 =
2
260 3 ! - e =
=
240 P T ——
S 20 ',!.—:."'gg?% ,.-:"""’:P:r =
= =
z 0 ] =TT
] HRH P
£ 180 e
2 1w
] ====s0C
140 / 15°C —
HPMS i
12 S
100
a0 50 60 70 80 % 100
GT Load %

Fig. 11 HRSG Steam Flow Characteristics vs GT % load
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Fig. 12 GT & HRSG Energy Balance
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F—C VHETADBI AN F— % RR Y — VB H o
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A2V (by ¥y T7H42)0) Ik L, HRSGE A
F—E PO ENDEATA 7 VIE—RKRITK I ¥
T A 7NV EIEIND,
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1 ZEOVNSAT—TV AT AW
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IV ZT) Y TREARA T MR AR A T AR
T737-0029 SiiEN 6-9

TP X B BRE L B bo VY, BT DOIREGE
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W EE600 ~ 700 C 2 E OHRSG T, # A Diigid 7 —
T EMHEN S HR L RIS L VIR S NS,

F1 KO 1 IZ—# 2 HRSGHR A %2 /R . HRSGD
BL, BARED VOV LT, #E, =&
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5o F72, HRSGIZ N T A HINR—HMTH Y, ZOHEER
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ADOFAIFINC & YRR (" ARERN) T2 1ZEA (F
AMERN) IZHHETE D, 7TV FOikESM, HilEsk
fE, WAY —EYRCIIERY - OBRSEN, FEE
RN O, Bl 7 S0 Uil 2 RN E S h
%o MMAT, THE&S R EEMH LA IRAKhORE
HFBEOMGLEAT ) 720, FHENICHAER SR & x %
BT 260bdH 5,

Table 1 HRSG type
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(2) Vertical gas flow type

Fig. 1 HRSG type
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Fig. 2 Support system of horizontal type HRSG?
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AT 2 FL YRR ORY FR#ax D7 TE 5 R
Uy MdH b,

F 72, HRSGIEFEBICMEZEZBLE T 5 2 L5 CT&, iy
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T HEQAUNAL Y EFFA I NVTT Y ITIE, A
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HAENAY = VEMOME - wHHICHERFHL, &
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AL — ¥ v OB ERIEEE KA EMILS 5 TCA
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Fig. 3 HRSG steam/water system
(Triple pressure reheat type)
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Fig. 5 Example of supplementary firing”
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3.6 MHiHkEE
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ikt D R FASAHCIRAd AR & A% F-IRAR A (ON= 7 2 fil
) 2H 5,

HAZ =Y VT AL, g Z ) =2 TH D,

TA)EE, X0 CARWEENEA T AR L
iz, BEENRMEEASILERRer L b, —F, &
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Fig. 7 Catalyst type”
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(2) Tube block of vertical type HRSG

Fig. 8 HRSG tube block installation
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Fig. 9 Effect of pH and temperature on FAC rate”
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Table 2 Comparison between AVT (R) +PT and High-AVT"
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Fig. 1 Air-blown IGCC system
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Fig. 2 Example of gas turbine combined cycle
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Fig. 3 Fly ash and slag
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Fig. 5 MHPS Air-blown gasifier

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



104 Ak A AEFAMTIEIGCCTAY = 7 FDORHFIKIR

AEAHR 2 —E ¥R

T HEOAZMIGTHIETI I NZAT DS EHL
TRIZEHIA ALY, WHROEBBLI T v —0 7
AL 2 RAE L, TR A &R T 5,

3.3 BFTWEH X{bHE

BRI E 7 ALBANE, FROBILFNCBE w5
FHAT, GkhiE, 6 IR &) ICBAMMEFO RV
WL DN —F % 3kiE U 7 — % B I R R 7 2
FEFHLTWS, ZOH 24, ORMIGETT
B CIIROBRNC LT 2RE, LB cimEsEs
HACRIS G2 5 £ IS L TEEOME Akt %
BIEICES L, OQFNICRREE BEZELILETH
R ORI 2 AL L T AMUBUE & e X 27 AY
5, Fx—BIUVEMAS 7O LEHREZIHIL, @WF
WoOBERA At (HCHERE) THIEDO X 7 78kl
R MBS A ETATI I EER T 2L L0 X
D, BCKORATHETOREZYE L TWb, BF AR
(Ff R AFEBE/ 1 R FEEGE) X FEREAER2.7 % THESF
WEKETH D, X512, HALEHINHERG S 2 %HH)
Moz F AR TIE, @M R A A & 131F
FEZLEELTWEY, Biid I/ 1 /1018 KiE
HIIR LT BB ) O Z EK L T b,

Syngas (CO, H,)

Encourage particles
to remain inside

Throat ¥

Upper burner gz—s,
Low RN  Highly efficient
O, ratio,  point Gasification

Coal } 3 oific
Oxygen
| L] N
(€ 5]
Lower burner | ..

o High T Appropriate oxygen
Coal —i‘ O, ratio ' Minimize distribution
snst’ i) slag splatter
Ooxygen | @ ——= B~ 71nne for type of coal
1100°C 1600°C

Two-stage swirling-flow
characteristics

Fig. 6 MHPS Oxygen-blown gasifier
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Fig. 7 Water / steam integration between SGC and HRSG
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Table 1 Specification of Fukushima Revitalization Project

Output 540 MW
Coal Bituminous
Gasifier Air-blown Dry Feed
Gas Clean-Up MDEA
Gas Turbine M701F (1 on 1)
Start of Operation 22%222 iil:i :?:‘:::

Fig. 8 Bird's-eye view of Nakoso site

)

Fig. 10 Construction status of Nakoso site”®
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Fig. 11 Bird's-eye view of Osaki CoolGen project
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Fig. 1 Standard Classification of Coals by Rank (ASTM)

REZ ETIIHWSNTWAED, ENZNo ok
ZE DR OMBER M EILE L Shb,

2.2 AREICKEUERET EORR S

[l CIE#H R EDHENDRMETH - T, ARIZZD
PEIRICK E RIRE RO 720, T OZEED TR
WBEHZLILERD, ZOD, AREERLTO
REHZ B 720 TIE, B4l o R e O PEIR 2 # 4
IR L, R RRET AT ) LD o M2 1ITH RO
WEHREE KA T DFBEANOEE R OB 2R o Hid
DEERFZFHERHEBEDOA LR LT, fARMDKRIFR
TEEROHTE, IR OVEIRSE O & W ASRe i wtmeE & 5
APy IS S R A

3. RHOB4BAE (USC) K17

T AV F = O HIR AR COAR L D HIl IR D B 7
5, AiIRKDOEMFILEZHIME LT, AXAEME (E
73 - WBE) O EEKLIY MANITONTE 720 i

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



108 ARREZRATOBE & RFE)M

AEAHR 2 —E ¥R

| s | | Emasnzce—y | 0 | emvanm |
it Mt ]
T
: 1
) s
& TR b
LX)
Pt
254 .’
--------- PRI
Rl | —
(CHNOS) | RIS
—g— [T GEmRE
[ EER
HGI index |

Fig. 2 Design considerations for boiler by coal characteristics
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Fig. 3 The development of steam conditions in Japan
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Fig. 4 The development of high temperature material for
USC boiler

Table 1 Evaluation items of high temperature material for boiler

AFARMRAAEE | FiaREE O - S A
HEAEZE (LA

s BN GRURZES)
TR B S

i A

[[pEsis IR £ R AR

BT £L

HEMDOENA — AT+ 4 N RMASEH SN D, BN
BT iz, EEEICIERTRKLE 7 25 5E%
KEBLEIZOWTIE, HEECHE LoD SRR
Bt —A7 A MICERTEDDOECr7 =51 b
ZREBHWbEN S,

FERROL G EUSCRA FI2BWTIX, iR o2
W 272 1T, BHMESE D IR L CHEY) 2 ARREE 2 1T
) ED D Do BHDI000MW 27 5 A DA Ak X USCH
4 7 OFMF % 5 ISR T,

3.3 IRBEM4EE

AREBRBET A EICE D, NOx (BHERLW),
SOx (BEMEEILH), 1TV CADTET B, ARkl
ZBWTI, NSO EIZEMICIEz Sh, ERER
HMEAMET 5 LNV ETRES NG, Filo ) HS0x
BLTIEWLCAIZOWTIE, KA T OHEH X F ik
B3N FmERE, $wCAREREICTLHZ SN
A, NOxIZDWTiE, KA T TOMNOBRLEI THIR

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



Vol.46 No.2 2018.3

ARBERATOBEE RFEFA 109

14

i iﬁﬁﬂ I?%Lf&@ﬂh¥:§l

PriRH : Primary Reheater
SAP : Side Air Port Sec.RH @ Secondary Reheater
Pri.SH : Primary Superheater Pri.ECO : Primary Economizer
Sec.SH : Secondary Superheater Sec.ECO : Secondary Economizer
Final SH : Final Superheater

Fig. 5 Side view of 1000MW USC boiler (Typical)
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Fig. 6 General arrangement of low NOx burner
(IHI-DF burner)
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Fig. 7 Concept of staged combustion method
(Advanced NOx reduction combustion method)
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Fig. 8 Woody Pellets and woody tips
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Fig. 9 Pulverizer for woody pellets with flow acceleration ring
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Fig. 10 Comparison of mill differential pressure in pulverizing
test of woody biomass between with and without flow

acceleration ring

Fig. 11 Biomass fuel line for verification unit
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Fig. 12 Operation result under 25cal% co-combustion of woody

pellets
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Fig. 13 Creep rupture strength of boiler materials
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Fig. 15 The development plan of A-USC boiler
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Fig. 5 Main heat exchanger for Air separation unit
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Fig. 6 Nitrogen cooler for compressor (Design pressure
5MPaG)
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Fig. 7 Recuperator for Ceramic Gas Turbine
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Fig. 9 Recuperator for 2600kW Marine Gas Turbine
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Fig. 11 Hydrogen cooler for compressor (Design pressure
98MPaG)
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Fig. 12 Example of Cross section observation (SUS316L)
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Fig. 13 Large scale Stainless steel heat exchanger with
Multiple cores welded into single block
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Fig. 2 Example of bottoming cycle flow diagram
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Fig. 4 Selection of steam turbine exhaust direction
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Table 1 Specification of No.3 series
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Fig. 1 System Diagram of No.3 series HRSG
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3GT-SG 223,934 893

4GT-SG 211,204 1,039
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Table 3 Specification of No4 series
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Fig. 2 System Diagram of No.4 series HRSG
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Table 4 Operation Results of No4 series
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Fig. 3 Turbulence Flow Mechanism of No.3 Series HRSG
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Fig. 4 Installation Images of Evaporator Panels
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Fig. 6 Fracture Surface on Crack
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Fig. 7 Temperature and Distance from Weld Line

(BEEHR)

FRPEGFALRIZ L, MRENZ L L4CICREL
THY, EEPIZIIRFEIFEAE L 2. L L, DSSIHE
MIZ BT 25 L RERSFIC B W TIE, BB OEIKIR
JEDMET 5 %723, #E#EDOFEAENT XY PET A Th DREEK
D LIzb 0 LHEES NS,

OB EEH)

RS X O TR ORISR, DSSHEH]
ZBTHREFIRCIZ2BISNORE LD LHEES
Noo

SCCIE3HEHD12EMY R 2 & T, TDFAEEDS
CHPWIRGFTE S, WKE LTI, MHREED»L, 64
MEET LI L AR EELONT, L L, #aKT
BRI 2 HE 7 AR IXI00CHRETH Y, 2 —H
ELTHEMEZZEL, BREEENL, 300C 0TI
i 2 B2 AT 2®ERITIZEE LIz T72, Ml
BRI DI (R BT (2E D BUR IR L 72
SCCH#ADHNI=Z L h b, BIIIIET 2 &0 72 #PH
T L7z (M8 2.

3.3 EAMOEHES
3RO N L Y EE (MESTPA24S) 25

EREEE /

EEEICLYBHE

Fig. 8 Painting Range of Tube
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Fig. 9 Swelling and Crack of Nozzle on Pipe Header
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Fig. 11 Addition of Bend Expansion Tubes
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Fig. 12 Overheating by Short Circuit Flow near HRSG Casing
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Fig. 13 Flow Patterns in Tubes of Evaporator
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Fig. 14 Hot Exhaust Gas Leakage of HRSG Housing
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Fig. 16 Chemical Mechanism of Crack
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Effects of Atomization Level and Air Temperature on Emissions
of a Stagnation-Point Stabilized Spray Combustor
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SAITO Takumi

ABSTRACT

HigE S5

NAKASU Takafumi
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HAYASHI Shigeru
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YAMADA Hideshi

Emissions characteristics of stagnation-point stabilized combustion of kerosene spray were investigated at

atmospheric pressure to assess its applicability for the first stage of a liquid-fueled, axially lean-lean staged low

emissions gas turbine combustor which is characterized by the reactions of ultra-lean to lean secondary mixtures

injected into the burned gas from the lean burn first stage. Kerosene spray prepared by a pre-filming twin-fluid

atomizer was injected into the stagnation-point reverse flow surrounded by the annular preheated air jet. The effects

of atomization level, swirl imparted to the atomizing air, and equivalence ratio on the NO emissions and combustion

efficiency were studied at air temperatures of 373, 473 and 573 K. Fuel vaporization and, therefore, premixing of fuel

and air were more enhanced at higher air temperatures. The NOx emissions decreased with increasing T. The NOx

emissions were less than 10 ppm (15% O:) when adiabatic gas temperature, Tp, was lower than 1800K. Emission

measurements were conducted also for partially and perfectly premixed methane-air mixtures to study the effects of

evaporation process of fuel droplets on the NOx emissions.

Key words : Stagnation-Point Stabilized Spray Combustor, Ultra-Low NOx Emissions, Fuel droplet evaporation, Fuel-

air mixing
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Fig. 2 Schematic drawing of pre-filming type twin-fluid atomizer.
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Fig. 3 Atomization and flow characteristics of pre-filming type
twin-fluid atomizer.
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Fig. 4 Photographs of spray showing effects of atomizing air pressure, P, or m, for m; = 6.0 g/s and m; = 0.26g/s.
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Table 1 Estimated SMD's for different atomization air flow rates.
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Fig. 6 Photographs of flames showing effects of atomizing air
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Fig. 7 NOx emissions and combustion efficiency vs. adiabatic

flame temperature, 7%, for different atomizing air mass
flow rates, m.. (T =373 K)
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Fig. 8 Photographs of flames showing effects of inlet air
temperature, 7" and atomizing air flow rates, ., on flame
structure for m, = 7.2 g/s and ¢ = 05. (T = 473 K)
Shatter speed: 1/20 s (Swirl), 1/80 s (Non-Swirl)
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Fig. 9 NOx emissions and combustion efficiency vs. adiabatic
flame temperature, 7%, for different atomizing air mass
flow rates, m.. (T = 473 K)
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Fig.10 Photographs of flames showing effects of inlet air
temperature, 7" and atomizing air flow rates, 72, on flame
structure for m, = 7.2 g/s and ¢ = 05. (T = 573 K)
Shatter speed: 1/20 s (Swirl), 1/80 s (Non-Swirl)

HriEtE

W B K JE i BE Tl 3§ A NOx B X UHABER) R D 21k
ZHILIRT . BB OREIE N ZBR 5 2 D225 iE
WCBWTIE, ZIED R SR S N D 720 1AL L
NV DFECIINOIREIZIZE A LEEZ G2 v, o
T, Swirly 4 7281 2 PE5Athd, 22 5 i BE A
EWIE L, HALZEAMREDNOXIREIC S 2 5 58I/
S RB I EHIRENT,

1000 _W".——W 100
C.E. - 99.8 °
996 =~
£ 10 = 9043
o " ¥
e -— o 99.2 g
= L il ' g
Q 10 7 99
R - A m =729l ué
0 NOx _ & T=573K 98.8 ©
% 4 B
Z 98.6
o &0 S
z 1 o Swil  Non-Swirl -g
1.0 o — 84 ol
m, g9ls 125 < — 4 98.2 o
1.5 m] | |
0.1 : . 98

1300 1500 1700 1900 2100
Adiabatic flame temperatureT,, K
Fig.ll NOx emissions and combustion efficiency vs. adiabatic

flame temperature, Ty, for different atomizing air mass
flow rates, m,. (T' =573 K)

52 ZERERREDHZE

FROFEBRIZBWTIE, 2R Em.A7.2 g/s\ZH
EENTW2720, BRALL NV ELELEE 5720125
b2 Em. 205 g/sh 515 g/sIZHi R EF72DI12k
W 28 SR I T T B 1 6.7 B5.7 g/sICiA L Twb, 2
DEACHIRENE TR O ER, B L oA, BIEOM
2@ L CNOxD A I AT 3 HBIE, 62 g/s
WL TCSUBEDHFETHLI b E)IREL RN

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



Vol.46 No.2 2018.3 EHRRREZRREHZOHETIEEICRIEITRAMAMLLANLELIVERBEEDTE 149

EFENA, BMFERE LT, EEEHESEIC L
DA ENRTWSwWIrlZy £ TOA vV =27 & — %
L, Ze5MEmitEm%62 g/sICEl % LzIRET, Bt
2R R m. % AL S THEH 2 FEM L 726

2RI TRIREST3 KICB U B4 B2 1212 R 9, K11
T W BCK SIREE O P I EH ) B BRI Em.D 5%
BHELN VO LI, 225w —E TO
MR ERTHI2TIE, DAEWERDSDFELRARIRD
b b, NOxigRE X, @KEKREOHMPHICEH Y FbE
RIREN IR P05 g/sTIERdDE L, 10 g/s, H
AHW1F075 g/s OFFICH/MER & b0 ma = 125 BXL U
15 g/s TONOxiEE £ 1.0 g/sTOMED L, WK%k
D700 KE DKL R B I22o2N TR L TWw b,
120m, =10 g/sOBED T — ¥ 1%, JeD L2250 Emol
ETONOXEEARTIKIIODDEH—TH %,

—75, ZBRMERIEESTS, 473 KIS B D 225 i it
BE—ETOMEIE, 2R LTWRWD, FhE
N7, MYIRLAEBRiE—ETORREE Fk
NOXIEE Im. = 075 g/sTH/NE B 2 EDFER I
TWwh,

T, AWML E — € TONOxIRE & 2225
e E TONOXBRE & % [ —Wr# K 28R T L <
Hbo ma =125 BLULS g/sTIE, 225 MEHREST3
KIZBWCTEHIZE DO BbThTEH 205 —H L THE
Z B> TW3 A%, Z25E473, 373 KTIXiiZ 2 - T
Wb, T/, BEEARREND L, BRALIE Vm,
= 05B L0755 g/sTld, BERTE—E TOMRE L 22
AR RE - ETORBIIBITANOXEFEDOEIZE S
W&y

BALERMEDL0 g/sk V2 VG, EBRIERITE
—ETOEERMREIL, EEATECEOLELY DL
<, F—Br#vkRETIE, Z05, BREEDHmT
505, FOEINES L, MRALICRET 511
RTINSV E&2#E 2 B LR L L ~OVIEIR S
ThoHEEZOND, TDOZ LD, BILEKITEMNLO
g/s&k VLG, ERMKKE - EORBRTIE, 4z
KIMEDSEERME OB & IR L TE L, BREHR
BHHIMT 572012, 7 ZVHubEE 5 e 5 1L
ZREBEC X 2RI S BmIEAR 2 ), NOxAT
BMsaEEZONL, LEALEND, BRAMITIRE
PEWEE T, SEKARE - 2oRIcBWT, F#t

285 2 BN S B & 22 IR R AN A B 72012,

ZE IR B — i DY & B U TR 2 R g F
BRI RS <, BRI X A RO A M) —

AL, NOxDSHRT B EE2ObN5L, LT,

BRI DT W T = 573 KOS Clanis o il
VLB AFAE T 2 R Y L OB, 22 IS AV
WT = 373, 473 KOSMTla & O KHIH O 55 B D3
BANOxDAERITH L CHB 2 EEEZ RIZTL T
LHEME N D,

1000 ¢
100 ¢
= E
a
o
’_él b
O 10 ¢
‘6‘9. -
o)
: -—
< 05 A | o ®
O 411 0.75 v a2
= E magls 1.0 o {984E
[ 1.25 < 9828
15 o |
0.1 . 98

1300 1500 1700 1900 2100
Adiabatic flame temperatureT,, K

Fig.12 NOx emissions and combustion efficiency vs. adiabatic
flame temperature, 7%, for different atomizing air mass
flow rates, m.. (m; = 6.2 g/s)
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Fig.13 Effects of inlet combustion air temperature, 7.
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Fig.l4 Comparison of NOx emissions (15% O2) in liquid-
and gas-fueled mode operations.
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Effects of Relative Spatial Arrangement between Swirl Vanes and Fuel Injection Holes for
Main Nozzle on Fuel Distributions and Emission Characteristics of
a Lean-Staged Burner for an Aero-Engine
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UESAKA Shunya
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The effects of relative spatial arrangement between swirl vanes and cross-flow-jet fuel injection holes for the main
nozzle on fuel distributions, flame structures and emission characteristics of a lean-staged burner for an aero-engine
were investigated experimentally by means of kerosene- and OH-LIF at an elevated pressure and temperature. A
quartz-made fully-contoured “optical main nozzle” enabled the investigation. Two arrangements, “aft vane (AV)” and
“mid vane (MV)”, were studied. For AV, the injection holes were located on the traces of hub-side swirl-vane cord
lines, and for MV, they were in the middle of the adjacent traces. For MV, the fuel distribution in the main nozzle
was relatively more uniform, the main flame was located more downstream, and both combustion efficiency and NOx
emissions were lower, than for AV. The present result suggested such arrangements could be one of the burner-design

parameters for tuning emission performance.

Key Words : NOx emissions, Aero-engine combustor, Optical burner/injector, Staged lean-burn injector, Laser induced

fluorescence, Optical refraction correction
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Fig. 1 Schematic drawing of coaxial-staging burner.
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Fig. 2 Relative position of the swirl vanes to the fuel
injection holes.
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Table 1 Test conditions for combustion experiments.

e
Inlet pressure, kPa 700
Inlet temperature, K 760
Combustor pressure loss 4%
Airflow rate in total, g/s 320
Pilot fuel flow rate, g/s 1.82  ("AFR,:25.1 '¢,:0.594)
Main fuel flow rate, g/s 593 ( AFR,294  ¢,0.507)
Total air-to-fuel ratio, AFR, 41.3

Conditions for gas analysis
Pilot fuel flow rate, g/s 1.82 (AFR_‘,QS.] g,:0.594)
Main fuel flow rate, g/s 5.45~6.08 (AFR,:31.9~28.6

,:0.467~0.521)

*Air-to-fuel ratio, AFR
TEquivalence ratio, ¢
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Fig. 3 Experimental setup for combustion experiments.
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Fig. 4 Optical setup for LIF measurement.
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Table 2 Test conditions for spray experiments.

Inlet pressure, kPa 266
Inlet temperature, K 307
Injector pressure loss 9.3%
Burner airflow rate, g/s 220
Main fuel flow rate, g/s 5.93

Burner mounting flange

Laser
sheet

-
Inner shroud z l—

Fig. 5 Burner model used for spray experiments.
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Fig. 6 Optical refraction correction.
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Fig. 7 Computational domain for LES.
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(a) Cross-sectional kerosene-LIF intensity distribution.
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(b) Radial distribution of circumferential average of kerosene-LIF intensity.
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(c) Normalized standard deviation of kerosene-LIF intensity in circumferential direction.

Fig. 8 Comparison of fuel/air mixing characteristics in premixing duct between AV and MV.

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



158 RERAEAT -V =T OBRRARRUBHAZGECRIET A ) VR MHBSHOFARAERROTE BAH X 2 —EL¥R5

3% BTN A ) RETHLEEZD
N5,
¢ﬁ BWTIE, K 8(c) & Y EH M OWRAIEEHGF
_kvxfﬂﬁ%bh%%ﬂéo AT I TR
ﬂﬁ*ﬁﬁm«mﬁh,¢ﬁ%m£w1umwt¢%@
FEMIEL D & OGN & ) A5 2 3 gl JE 5 & A Wi fg 2
ALY =y oA TEEENFET S EICE D, AV
AN PR R ORE Y = v POEH@ENIEL, A
Witz X 5 B R RERI RS SN S DIIMV &
WL TEY) THROMEE %5,

THHIZBWTIE, WEHEOWNEELEEICBT 55
BR D23/ S Vs, FREER]TIEMV O J5 73 M e e
FEDVNE V. MVIZAVE D R - FHAmE 12
BEMEESNTWL I Ebh 5D,

X912, z=-8mmTDREENO=90 ~ 135° DA
BB 2 ALIF R EE OB A (el 3 S50
W BE) ZRT o KT — 5 h 5RO 72 MR TCEL AR
7 (BB P39 CHERoT k) 1ZAV23042, MV25029T

HY, X8 DRk, MBEEILWVTRERIZENT,

REXDH—EEIMVO I BN L Db 5,

o 20 M Aft Vane
N [IMid Vane
=10 z=-8 mm
0 200 400 600 800
IK‘L[F’ A-U.

Fig. 9 Probability density function of normalized kerosene-
LIF intensity.
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Fig. 10 Cross-sectional distribution of Mie scattering signal
from sprays inside and downstream of premixing duct.
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Fig.ll Radial velocity map near swirl vanes and fuel injection
holes.
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Fig.12 Spatial distributions of OH-LIF intensity at z=3mm.
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Fig. 13 Circumferential average of OH-LIF intensity.
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Fig.15 Effects of relative position of swirl vanes to fuel injection
holes on NOx emission indices and combustion efficiency.
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H - FE (ICR) #MiZEHF A Y — ¥ v OEJUIMT 7258
BT ZMEPMYMATITL FETH S, T, L
BENHLZEHEME I E EI T COMIE LEAT & L CICRHLZE
HAAAT—VC Uy BERH LIRS =Yy —ER/NAT
Uy FRLZEHEESE ORI D M TH %o
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BMIRSE, BRI, AER], EEUE, SRR, REE
AT ZE R B3 2 ABENY 20 MO AR AT, SBATIRITRATRE >
YARY A, (2009), JTSASS-2009-5043.

Ito Y., Inokura N., Nagasaki T., Conjugate heat
transfer in air-to-refrigerant airfoil heat exchangers,
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&)

FRTEDZVIEGE (16)
English Which Is Not Taught in School (16)

LA

YOSHINAKA Tsukasa

T (07%)
{58l : wear the pants
B [RKOBEETH D], [(RiEORCEME IR -
Tw5 |
[BEA} © SET X AKDOBFVLT, £ FYATIE ‘wear
the trousers’ T§ (BEEHR4), ZOFH, RIEOKRE
FRARZALETF>THFE Lz BIBZAIRZAR Y %
W CTWFE L7DT, ZRPR5H [RIEOHTTAR Y %
BEWTWwa Al = [REOKRET] LWIHETHESTW
HDOTT T RIVENE 2K, [HEFE]
G TEMEE] CHEUE T,

COZHEOHNTTTTY, HAHRMED, EBIZAR Y
ZlIwTnid sy, RKKOBEETH LA, “She
wears the pants (¥ 7213 trousers) in her family.” T

BRWwWoTy,

—V—%

{ZEZE] : make a Virginia fence

(Bl [T RRETHL]

B N=V =T LEZE, AT ARLOBRNS
HOT7 AN ITRAINAERE W72 HIE T, A =7 3%
DETEOHRY, 5THRONTT, 222, HTolER
ERTIODT 2V ANHLDOTTA, BEEDODHDITA
BTT, N=VZ7 - T2V ADEELZDIX, 72V
OAREHLZ D VP HESHECIZHEATES Y, EC
VI BEATNTWAIETY, 29F5L,
REWZIVRELA A0S, EEZONRTVET (3%
R4

WRTTA, Xy 7Mooty ba—L v 2ol
WZHDLYXYNVIVERTHI T, 77V ANLDRBBR
B, WUBICY 7T D72 v A% fEoTwEd, Th

X, BHEROTAVAY - A VT4 T UVPBEATELD,

st 201842 H11H
1 fraryausy s
E-mail: tsuyoshi@videotron.ca

EHPISINTVETY, S TN=TV=70b0I1F, &)
TL X9 2%

CHOLT, N—=V =T - T2V ANTITHFITTH
5LTAH05, Mo TTHETHEIEETS ‘make a
Virginia fence’ &IFEN L XD D L TT D
5, THET7 A THEINZHAETT,

B3T3 A%, fff T3, “He is making a Virginia
fence.” L 52, [HOH, BoTTFREETHE T
5] Oz ETY,

-W—&

{ZEEE] © come out in the wash

(B} 1. [P 2. [R5
{BXBR} : Zo#FGEDOT D ‘wash' ZIEEEZ TP
Vo BEEE TR L, YIREHENPENTE T, TN
O [FMEPRRT S| IZEPLDTYT (BEER),
BIzIE [2732395%%, RBIEHEIHRELET
s nsd &) EE9¥4A, “Don't worry about the
problem too much. It will all come out in the wash, at
the end.” THELD T,

KD 2. TTA, TOXAEIE ‘wash F [TELEH0W
FARETFS] vy EIRTfibh, #EEeAkE LT,
[(FEI3NTwa o) FHFEEINE, HAILRL] &
0 ET (ThLBEERLY). BIzIE [HOBEIMME
ELTWwE I 2, SHORFET, ETHHPLrIIESR
57259 L] £ E9¥4, “Whatever he is hiding will
come out in the wash.” &%) 3,

S ZEBH SEWHIFEREELFFTRLTOET)
4. "Oxford Dictionary of English Idioms, Third Edition"

Edited by John Ayto, Oxford University Press, 2009
19. '"idioms.thefreedictionary.com/come+out+in+the+wash"
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H3M HRT A —¥ U5

HAN A — € V3#ETIR, TAY— t/b;U%L
P2 b 2 BB MBA B NTLZ, FMLEZ
%vb7—7®%ﬁ%i&5%ttf,ﬁﬁ%@%ﬁ%
BEPWEEHRTWZLE L

24EHDOWEEY & 2 B4 N, 20174E 8 H30H 12, TH#B
KEFEHFG KBEFS 75 4 b F % V28 AW THfiE S
N, BERXOTINTSINNT72&F Lz,

SN EEMOGHEN R MALTERI L2 HIGE
L<C, HEORET [LWUIEET M) 867 v %
VT ANTH o FAEEHBRIC S BRIV L, #id
HNTOLEFROM Y AR ExE THAVZZ LD
12, BEET—2 T3y RO XY NGz 7E
&F L7

AL FEHE TIE20164F B2 12 B IE SR B R 7 Fh e L3I S92 BT
LT Y PTHSL LAAFHIES LT v
LY IL T 20D TRIZOWVWTIRY M TN, o)
RENRY = FUTF=TV VI EHVERE 435 —
V) KFEoohTwEd, YHL Ny —v - 5
Y=V ERWCHG RS, K EEZ LT —7
Vavy TERERAWEZEE L,

5-6 BEIIOP NI N—TT—2 TIiE, ERPE
T, W R ENY 27T v BHPMEA RBINHE TR S
NTEADT =2 54 TNF ¥ 22T 5 iE R 5
Lo, HEONY -V SV F—VRHAVLIET, &
DTNV —=THIEBIIEADPRDENTVWEETTL
2%%@%#%%,4@@;0&@A@%&&%@%&
WCENEZH TR AELI=—2 T, T2, ETHAH
BEThHoIZEVIFEVZET LT

A T RIIRREOXLGICBE L, Sz RN
ERXbLTEMERLORREEDFE L7

THSWHEEAS XY P TR, SR IO R R
TP EO Ry T -2 2RETE S L9, RHAWR
T - AT LT & 72w e sTED 9,

W 5

KEPESWHEE A > b PR

) -r

MORIKAWA Tomoko

BRI, SROT—2 Y a3y FTOHEAH - #EH L,
BHFIES LWETE W W EERASH B
et > & —OERIIEHILHL LT Ed, 72 &
%i% WA S W72 720 2 R R D A Tz

FICEHH L L E S,

(KEZuifEERREER)

G OB
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H S
A6 H A ¥ — ¥ v I F—HE
Ry &0

HAGM T A Y — eI F =2, [FAF—-E VB
L ANF—HHEEAM ORI 2T —~<& LT,
20184E1H25HN, 26H@D 2 HR2h 720, HHERSE
FH BRKIRF ¥ VS 2128V CHfE Sz, 1114 &6
ERBRICKBO T £ IZ TSI 7272 &, IG5 HERINE
AT, WO TIHFRT Lz, dcix, B
IANVE—, BEHTAI—Yr, fIHTYY VIZY
bhA—J—, —%— KZ¥ WEHEEOE T
WHRINTWE 4 %Wz, 1ME0 T#EEZ W22V,
DUF IS HEmE 2 i3 % 0

THBEZ Ty ¥yarI @ siskREIoRFEm
Bml & Ty yarI: BEHTAY —Y OB
Hi#m o220ty v a VSR, kv Ta
yiTcl2thtyvaryITR3IMGoEEI TThI
72 1. [CCUSTua v xZ Mol Tk, EBHHKK
(REZALVF—Y AT LX) HCCSH & CCUSHH
MiFA%s, CCUSAuy b7 v b OFEMZFH L7,
2. [FERSHE 1R R e = A OV ¥ —WF5EiT 25 ) L s
KFEF v ) 7T OGRS T, HAEHR (GEERM
WAWITERT) 2%, e AR & V¥ —WF2EaricB1)
LIRFEBLEAT TR L K FEX v ) T ORREE L HH L
720 3. [V =RV AHFAY —V v ORFEMEN] T
13, KREFEEZRK (V=AY R) 25, REEEETSHHH
7 9 ZADiERFERSPHLYZ 9 A O BSEIRN B X O
BHMAFE L7z 4. [1700CHBERAT A F -~
WEREMORSE] T, APE—K (ZZEITE) 25
T PERE - ESEYE & A L 72 A B B 5 R AN O R B 27
BSE &\ o - BN BASS & BRSO s He a2,
¥ — ¥ EMEE X O3DREEHAN & v o 7o e s R
MPFEDER % FHW L7ze 5. [GEHN A F —E ¥ DS
B Tk, BAREEIK (GE Power) 2%, GEfKNOx
PRBEFADLN26> ) — A B L UIH A ¥ — ¥ v HAEAER
IZOWT, HAF A Y — Y v OBRE#INE 2 THBLL
720

2HHEWE, Ty yavll i MZBHIZY Y Y HiffoRx
FHEmEn] & LT, 6fodEz M ThbN. 6. [
ZBHHAAY —E L IZBIFAEINF T 4Ty 7 ACFDY
Ia b= a3 YOWEEM] T, AR G
KF) B, ¥V F 74Ty 7 ACFDYIab—Ya v
DFIETEZWI L, BTNV — T THRENTTRY
YavHg Ial—3y g iiont, FORELEER

NAGANO Hiroaki

PARFH Lz, 7. R 2y b v I VICHEHT
7)) =y yEMONERE] Tk, HOFZK
(FHHMZEMFER AR 25, 7V — v v 9 Y HC
BB VI AT AR Y UHIEEA, S
TENOxERBE B FAT, = ¥ ¥ ¥ B R 122w T
TIERFEDBIREFHH L 2o 8. [HF1207 — K7 7 ~
I Y TS BT B EAEERGE ] TlE, hHEERK
(ARHFEMBEZERT) A%, SRR TR E LT
e R E 794 Y ST A PRy FIZonwT, T
VY VRBEMERITHB Lz, 9. [ YV
i\ S B ST AR RE RN - PRBIl ] T, B
B—BRIC JIIGETE) 25, AW A Y =¥ ZIEH %
BLOHETHZT Ry by THlTE X RS
4 F~OCMCH# B 5 & s L7z 100 [HiZex v
Vv HFaE S OREHEAN OS] Tk, PAER
(IHI) 4%, FHarEPEBM IR a2 I T o5 5758
B RCBESEAM A 3 & OV WS 7135 C DO LCF 5 BE FFAM 4k
WKCOWTHH LA, 1L [27 74 Y IZBFb Ty
AREAIEOR Y ] TiE, ZHBEK JALZ Y=
TVYT) B, Y UEEMBL, 74 vEx
VYV A= — OB & T B AR S S 1 Ak
RMNLUN DS ) Y TOEREHIL

wRIZ, THICRH, BELGNELZ TREVEZET

L7l )i %, X0 - EHI2ERe Iz v

7eR2EFE LIEHARFRKOBBRED 4, LTI

Me7z72& LB, ECELZR L ET 5,
ERETFERRRZZER)
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20174EBE5 2 Il F-Hh 8 A i & ok
TR ek

20184 2 A 2 H@NC, RETALR 2 & O KBRS
L 2 — IS TEFEM ARSI N 20
BHFHNERREL, [HRAY = VO I &I
HMWe#ERE LTI, [HFFSBICBNTE S
ARV PERMELTIZL], [MhoZnE & ORHROY;
PEL V], LVoZ2BEEPELEOT Vi — MISHF
TONIZIEEZITCHEEE L VBB L-RAWTH S,
HAY —¥ W THGP RN AT & LT ORI
PHEFE SN ETHNEZ AL Y7 =%y M2, lHexD
Fge - Hfli L Xv o) | & BB BRSO RE %
MaZEaHBMEL, HF—HTIEESINTVDLHEMEIZ
LBk Y, BMHECLLZECHN - TH A Ay
Va RSN TH L, SEITREEE T —~ L LT
BITEHLIX TR L 720 A — A — DT - HEHANE R K
O E20% ALEER) CSIMEE, WRE WK AT
bz,

FERTHLEHRORIBZRRIZ X 2HS0BREIZT &
BeE, WELEBEOME, B0 LEEZATA R
1ICE LD TwW2nzbozfv, ZINEOEHCH
IhfTb iz, BAROHSE - FHIC X 2 HEko M k& Al
DEMH L LR LIV E V) BWEF =2 3 V&Fo
7ZHCHAD L o Tz HRIED B WIZEN TRE S
D, N ZEHBRLZZENTE, BOTFTAL AA Y
Va vRBBUTHERTE o2 LD B o oo

AR, GAERICTURR—IC GRS 2R E, [T
PR I 2L —Ya voRGIEm] 27—~ LT
RNV, BEOMH L IZR RS (K] v
ZET, B EBY R MBS LD, R
DRk A RIS S HOME, BE% EOM SNz,

595

TEZUKA Tsunao

FEBRORBEO R B #5235 2 LA L WA E W2
O, Y I 2V = 3 VIERPBRBEOKE L G5 T
WA EDNEEL WD) ODPHIRINTH - 72,

MBOBRIGRITIZHSEB L F A Ay a3 v T
&, BEEIAE Y % K 7 BT EDOWF R ESE - T h
Nz ML BMEDIFR L L S WA ERZTVWDL I L
W% e, MEERIFAZ T2 L I ITK L7,

BT, A—h—250EKRNLRMAMNE LT, SHE
K EEAVNNT—Y AT LX) I2X5 [SEBHAMA
A E =¥V IRBERC B B RS BALR IR ET ] L E L
T B W2 72 7z IENOXBREE B D Bl R B % 7 1
T ADRAERIHD L L, WA ER RS AR -
REREFI 2 & OJeImHiit O 514 O JE L H3HH
a7z,

HOBICRIT-ERREBI T4 AH Yy a v T
&, BT S TIEOBEE O % W R G ASE W57
TAHELGHMDRH 720, KmTA FKR— 2o 7XED
Holo) EHEIOD LiEmIITbITz,

RIS T, Wha% - HKIW BB L2 727
7 (237 | CTBHAEMrbN Iz, BH&IE, R
KMEHD 8HDSHBML, WD) 212 HFw7:
72T, MR B Z 7B T i & SIS R D 5%
FICHRENA TR, ARREOREREDO LB, %
FHMERORRDOY;E LTI AW &
HITHS,

wRIC, I, BREFOMER - #AHIC SR THG 75
B )7 2 W& % &30S, RYoitft, EEICTHA
CAENAVAYN TNl S VAN R T (VAR D e

(EXMTHREHARER)
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CHEOBICHEL, HEATHEOEEZET LI,

TEMEBTOHL LT TS,

wERE KW R GHRE O OEH) I
201741114 HHE: (SE4ET8HR)

kB (1985,88,91,94 ~ 96,99 ~ 01)

[(FERIEE]
19844E5 H1H A%
=FE (2003), Hl&E (2002), H9 (2005,2006)

B (1986,87,89,90,92,93,97,98)
20104F 4 . #E&R
(W& FE]
19634 3 A R RS B — BT AR o7 B2
19654 3 H PRRHIR AR B TR e Rt (5 1) BT gus T
19654F 4 H SRR K27 B L2
19684F 3 SRR RS R e B AR e Rt (k) HALHA:
19684 4 H SRR R 2 B 27 ST i
19704 4 A R RS B
19754 4 H SRR R B
19774 3 H TAAE (AR
200744 H SRR B
e o B P
e 3
KHIEEAEZ2 BA T
KH A

REIVERH, TREOKHERLAZ, EEIIT14
HAZ, AhicZ#lizsng Lz, EEmE VI
STL7 UL 2 5HHDBMKOFEELZ SN 5% &I
IZBILAT, %H, EnhrbBREICASLESbNZD
IR E DI & T L7z, WEEI0T ICE R LT TRl
ENELHAENFEEA TR TR EBEZHRL, B
ATIERTHEELIINTBONTEL-DT, F 3ITERIC
MR TN H D T,

KHEA1Z19634F 3 HIZRAH K= E - L%
REDE, HEROWE - W T 5 FERIE N EUE
FEATIFFEICHEH S, FHEEOFE I ) BMEmATD
FORIN RN 2R R L BRI NT L
T2 TO%, WHIEHIPE % FAR L fkicimk s n, P
FOF YT — 3y, TR, FEXMHED
P, KRR Y v NIERH TR R EWE)L VTR
R ZTEEE N, ASME Best Paper Award, HAW
Ay —UE UFRTLE, HABRMAE2»0dF v ETr—
Ta v, HERE, MEEEEOENMIGHE L VW 35T
mMXEBEEZEINTBONE S, FEYVMTZE TAachen T

JEfaszft 20184E2 H 9 H
* 1 RRETRS: LT

BEREGallusE Iz OWFFEE N 1 AEBIWAE S /-0 % k%
2, WREHIPH % 22 B R0 R B AR 0 BT ISR S B &
12, 20034FICIEFHAT A ¥ — ¥ 2L 0E8MEE,
20074 121XIGTC 2007 TokyoEATRE E 4 KO ERk %
FEEN, FROBEICORDSINF L7z, 20074 3 A
BRI L ) BARH K22 Bk S b £ ¢, 404E L Lo
REIhLoTHME Lo, £ OEFEALRICH
mahzg L,

% . OMercedes T il ) & 11, Leica® & x 7 %
Montblanc® J74E4E, Staedtlerd R ¥ #ZH s, BE
D HESonne s, AV EZI IR EFLTBONLE
HETL7. HEPBIREBHEEZEE RWILAET, %50
BPEATLHES Y —O VETLEY, EBREETRL Y
AT 72BCIEH T A VBB LATEON T Lz, ok
& Tk S TIHW 72k % 0 FE B 43 5& b Disseldorf T
Bt X 72 ASME Turbo ExpollZzoTCLEFWE L7z,

KHEAITIIBED LOREICH, TTHRERE, %
BRIZRES 2 0HE 2 RWEFE ISk % 8, BERHRO )
BCEDLTT, BHEOETEIEREE T L, JkE
W LT TIESCEFLZ R L RiFs &3ki2, L&) T
FfEBHOBRL P,
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BEBMEXOBHS €

IES B&MITIE S R201 7R BEE R R R EEN Z 3 A RISHEER L ET,

BEBHNPBFILCIEE I LS, WEZ ZHRO) 2, THELLZIVWETI) BHCELETFET,
B, BHIWHHR Z2WEald, HFHE23 Y5 —Fy NI Lo TRIMEZITET A2 LA TEETDOT,
20184F 4 HI9HR 4 5 K300 £ TISARPIMEZ TR 223 v E 5 X9 BEHCH L R E3,

2

(RAREOME)
Wf o 2018%4E 4 H23HMH) 14 :00 ~ 15 : 00
T WEIRVF—Y AT A MR 158 15045082
HNZS I T 2 XIR)IBT72-34 5 — F I3 e

gt

wOH ARAFEARRTAY — ¥ 5 20174 @R A

bl

AW T, AERAHERES A, FRERGAR MK, F#Es, BazmfvL 3,

DOV VOO VOOV VOO OO0

FAEBANT X2 —ECZEHRRES - AFSDEHS €

HAGII H AN A 5 — & VR i & 2 LT OB TRV L X9,

A 2B H 20184F10H10H0K, 11H®E
WSS AT L FRRR R VY —

JiE YR 57 1L T BT 14-50

http://www kagoshima-pac.jp/
R 20184F10H 12H &)

B AR, H#R5E5 BT, A&k —2ax—U (http//www.gtsjorg) (BN LET, BoTZ
IBEELZEVET I BEHVHL RIFES,

HWOIAMGY)  20184E 6 H22H® F&E
FHETE PR 3 2 % 201847 H27H®) T
SOCREREREY) 20184 8 H27TH(A) F&

ZIMHAKEE, FREET A5, FREF-LAX=VIBRT L TFETT .
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Asian Congress on Gas Turbines 2018 (ACGT2018) BED HH S ¥ LB ERE
ACGT2018F#4TRH &

HARF A Y — ¥ L& TIZ20054E127 ¥ 7 IO # A ¥ — ¥ VERE4A#H# (Asian Congress on Gas Turbines ACGT)
= b B, Dk, 20054E 0 v, 20094E R, 20124F i, 20144EICHONY v, E L T20164EE A N1 &, 5
MOACGTZ M - ELTEF VD F L7, HARMME2 KH &2 5ACGT20181%, AEEZOEMIZKYD, RIEZFITH
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TTANT 7 M 4 HI0OHW T . S0z & CISEFEFAAOFEMIZ, Tilv o 794 b2 TEL S,

M
K TV T - HWAY —VE 42018 (Asian Congress on Gas Turbines 2018, ACGT2018)

S 20184E 8 H22HK~ 24 H &)
Wi WhTRREHRRRE Y ¥ — (74 —F)
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TTANT 7 MREG@EA 5 AI5HK
I S Y 6 H30H®)
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1. H BF 201847 H5 HN, 6 HE&)
2.3 FIHEEIALY—VATLARAM FEHFHERF -V UL
(AR TS L XCRIAIT 1-9 )

3. 7OJ5 4

“HAY— Y Uk

CHAY = EFAR T AR T S IRBE T2 MR T2 I T2

- FEREEE (OREZ)

RS TREIANF =T AT AR FUERFEN S —E VT, WEYV—A—F—ErarR-—trv

- BEA
4. BEBE:

(DXt - R, BERMER, KRERAES, 20 TICHRAY - U PLHEDHEA

(2EH : 604 FLEE

CHEBEYURY T LOFEMB L O LIAAR G EEIAKS HEB X WK —24 = (http//www.gtsjorg/) (2T 5
FETT o
KSAEEIZBATHIXICBWWT, EIMA A =V EHEY YARI 7 L2201 EILHMAIICEZZEH VST — Y AT L AW
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