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Table 1 Comparison of Sin-Sendai units

Ttem New Unit Original Unit

¢ No31 No032 Nol | Noz
Type of Combined-Cycle Conventional
Generation |(Gas and Steam Turbine) (Steam Turbine)
Output 490MW 490MW 350MW 600MW

.| Heavy Oil

Fuel LNG Heavy Oil Natural Gas
8°mme.mal DEC, 2015 | JUL, 2016 | JAN, 1971 | JUN, 1973
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Combustor: GAC Technology |

Same firing temp range as GAC
Same Nozzle and Comb basket
Compressor: F4 Technology as GAC

Air cooled transition piece
without Bypass Valve

Mid to Rear stage profile improved
(NACA65C => CDA)

Stage 1-6 7-16 17/0GV
F4 |MCA/CDA| NACA CDA
F5 |MCA/CDA| CDA CDA

15tand 2" Stage

- J blades/vanes optimized cooling holes
for 1500°C class gas temperature

- Advanced TBC and Film holes applied

same as GAC and J

Fig. 3 TITI1500C class F series gas turbine
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Fig. 5 Gas Compressor
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Fig. 1 Gas Turbine Engine
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Fig. 2 Erosion on Inlet Cone

Fig. 4 Erosion on Tip of Turbine Rotor Blade
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Fig. 5 Air Data Parameters and N1
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Fig. 7 Bird's Eye View of Paths of the Two Aircrafts
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Fig. 9 Diagram of Inlet Thermal Distortion at Lightning Strike
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F—T—NF 1 JAXA, EEAFZERIEEE N T H A2 TE B SR, MUZRHA R, MR e = v |,
WMARILZEA ) R= a yNT, 7Y —=r v Y Y HiOM5ERTE
JAXA, Japan Aerospace Exploration Agency, Aeronautical Technology Directorate,

Propulsion Research Unit, Next Generation Aeronautical Innovation Hub Center, Green Engine
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{#E&] : you can’t have your cake and eat it
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ABSTRACT

MATSUNUMA Takayuki
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SEGAWA Takehiko

Innovative “string-type” and “ring-type” dielectric barrier discharge (DBD) plasma actuators were used for the

active control of the tip leakage flow of a turbine blade. From annular turbine rotor experiments, it was confirmed

that the DBDs are generated in between the turbine rotor tip and casing wall and rotate with the motion of the turbine

rotor tip. In fundamental experiments using a single airfoil with tip clearance and a flat plate with tip clearance,

two-dimensional velocity distributions near the tip clearance region were measured by particle image velocimetry

(PIV). Tip clearance flow was reduced with an increase in the input voltage of the plasma actuator. In the flat plate

experiments, the tip clearance flow with a maximum velocity of approximately 6 m/s was successfully dissipated by

means of the plasma actuator flow control at the input of peak-to peak voltage 7.0 kV,, and frequency 8.6 kHz.

Keywords: 79 A~7 7 FaxT—%, FBERAENY TIRE, weghimAmlE, BLmRE, khih, 7—¥r
Plasma actuator, DBD, Active flow control, Tip clearance, Tip leakage flow, Turbine
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Fig.1 Conventional “sheet-type” plasma actuator
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Fig. 2 Newly developed “string-type” plasma actuator
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Fig. 3 Ring-type plasma actuator
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Fig. 5 Test section of annular turbine wind tunnel

Fig. 4 Cross section of ring-type plasma actuator with ring-type plasma actuator
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Fig. 6 Turbulence intensity distributions at rotor exit
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CCD camera 7
y
Plasma actuator

Double pulse
Airfoil YAG laser

x-y plane (Figs. 9, 10) \NACA4418

Fig. 7 Measurement system for airfoil
with tip clearance (x-y plane)

Airfoil NACA4418 (chord length 1ow/\

s-z plane
Plasma actuator (Figs. 12, 13)
y (100 mm x 10 mm)

x-y plane
[ — S .
10 mm | 7 « /(Flgs. 9, 10)

Fig. 8 Plasma actuator and measurement planes

for airfoil experiment
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(b) Turbulence intensity

Fig. 9 Time-averaged flow near trailing edge of
airfoil, x-y plane (baseline, no control)
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Fig. 10 Time-averaged flow near trailing edge of
airfoil, x-y plane (plasma actuator on)
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Fig. 11 Measurement system for airfoil
with tip clearance (s-z plane)
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Fig. 12 Time-averaged flow near trailing edge of
airfoil, s-z plane (baseline, no control)
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Fig. 13 Time-averaged flow near trailing edge of
airfoil, s-z plane (plasma actuator on)
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Fig. 15 Absolute velocity distributions near tip clearance exit of flat plate at various input voltages
(blower 225 rpm, velocity of tip leakage flow Ve =1 m/s)
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Fig. 16 Absolute velocity distributions near tip
clearance exit of flat plate (blower 225 rpm,
velocity of tip leakage flow Vrzr =1 m/s)
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Fig. 17 Absolute velocity distributions near tip
clearance exit of flat plate at various input
voltages (blower 450 rpm,
velocity of tip leakage flow Vrzr = 6 m/s)
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Fig. 18 Absolute velocity distributions near tip
clearance exit of flat plate at various input
voltages (blower 675 rpm,
velocity of tip leakage flow Vrzr =7 m/s)
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Engine test of small gas turbines with aviation bio jet fuel
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ABSTRACT
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Engine tests of small gas turbines were performed with both of 100% HEFA (Hydro-treated Ester and Fatty Acid)

bio jet fuel and JetA-1 commercial aviation fuel to investigate the effect of the fuel change on the performance of the

gas turbines and the emissions. The results showed that the emission of particulate matter (PM) was greatly reduced

with HEFA, while the performance of the gas turbines and other emissions were quite similar to each other. JetA-
1+HEFA 50:50 blend fuel, JP4 and HDF (High Density Fuel) were also used to promote the understanding of the

effect of fuels. Chemical analysis of the fuels was performed to investigate the relationship between the characteristics

of the fuels and the engine performance and emissions. The lubricity of the fuels and the effect of the fuels on O-rings

for fuel passages were also investigated which are essential for gas turbine long term operations.

Keywords: A% —t >, N4 Ty MREL, HEFARRE, 39, =03 kb
Gas Turbine, Bio Jet Fuel, Hydro-treated Ester and Fatty Acid Fuel, Particulate Matter, Engine Test
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Fig. 1 Exhaust gas measurement system (The engine in the
figure is different from that used in this study)

Fig. 2 Exhaust gas sample line
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Table 1 Fuel property

JET A-1:HEFA Test
M d ti ET A-1 HEFA P-4 HDF
CASUTEq PTOpETHes I 50:50 blend ! method
Freezing point [*C] -48.0 -58.5 -51.5 -63.0 -61.0 JISK 2276
Dynamic viscosity [15°C, mm?/s] 1.655 1.963 1.786 0.9967 3.531 JISK 2283
Surface tension [mN/m] 23.6 22.5 23.1 21.2 314 JIS K 2241
Density [15°C, g/em’] 0.7886 0.7554 0.7732 0.7573 0.9386 JIS K 2249-1
Net heat of combustion [MJ/kg] 43.380 44.140 43.730 43.610 42.120 JISK 2279
Physical distillation
_ Initial boiling point [C] 148.5 146.5 148.5 59.5 175.5
10% recovered temp [C] 164.5 165.0 165.0 95.5 181.5
- —1 JISK 2254
50% recovered temp [C] 193.5 208.0 198.5 153.0 182.0
90% recovered temp ['C] 237.5 253.5 247.0 219.5 182.0
Final boiling point [*C] 259.0 269.0 262.0 250.0 194.5
Lubricity(BOCLE) [mm] 0.83 1.04 0.87 0.58 0.84 ASTM D5001
Carbon [mass %] 86.1 84.7 85.4 85.8 88.3
JPI-5S-65
Hydrogen [mass %] 13.8 15.2 14.5 14.1 11.6
Sulfur [mass %] 0.0006 [ <0.0001 0.0003 0.0006 <0.0001 | JISK 2541-6
Composition
Paraffin [vol %] 79.1 98.4 89.1 85.9 96.9
1 ASTM D1319
Olefin [vol %] 3.0 0.9 1.6 1.3 2.0
Total aromatics [vol %] 17.9 0.7 93 12.8 1.1
Aromatics
Benzenes [mass %] 21.3 <0.1 11.6 17.0 0.2
ASTM D6379
Naphthalenes [mass %] 0.2 <0.1 0.1 0.1 <0.1
Total [mass %] 21.5 0.1 11.8 17.2 0.2
Table 2 Impact of fuels on O-rings S be iz, BIRERRMEIDAS VD, HK
— PEBRWEEZZ bNL, FERBIEGE]etA-1L ) D2y,
Fluoro Nitrile . . . .
HDFIZ, 10%% HiEE & 90% %% iR 1205C L ZEAM
carbon rubber ~ - - . . b
Specification M83248/1 | MS29513 - £4 \Ef]’fb Ay, 61&% PHDS % A
Initial Hardness IRED-M. 1 71 0 2, KR¥2 exo-tetra-hydro-dl-cyclo-pentadleile CioHie
- N5, FFHORFOKEGHZ K 3 ITIRTE, i
value Tensile strength 14.7 14.1 e, e .
[MPa] DO EHRD &, WHET, AR EH 2D TIEZ A
. WE—FENBNZ EWGP D, 72, BIREREME
Elongation 199% 329% . o ~ -
ol | Hardooss Yy R0y NHBREL, MEALLIZK WEFHTE L, HHEEIE
70 hours | Tomsile stronath Yy o FNnTniwv, 72, RRSE L, REHIECEK
ensile stren, ) -49%
) T LR WIREG 2B R0, HAERENEEZ S
sink test | Elongation +4% -26% nz
Volume expansion +0.3% +24.8% °
HEFA Hardness +0% -5%
70 hours | Tensile strength -4% -16%
sink test | Elongation -4% -6%
Volume expansion +0.4% +6.5%

Fig. 3 Exo-tetra-hydro-di-cyclo-pentadiene
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Table 3 Combustor inlet temperature, pressure and air/fuel ratio

JetA-1 HEFA
XN[%] | T3[K] | P3[kPa]| AFR XN[%] | T3[K] | P3[kPa]| AFR
80 100% 100% 100% 80 99% 103% 99%
85 100% 100% 100% 85 99% 101% 97%
90 100% 100% 100% 90 100% 104% 101%
95 100% 100% 100% 95 100% 100% 98%
100 100% 100% 100% 100 100% 100% 98%
JetA-1+HEFA JP4 HDF
XN[%] | T3[K] |P3[kPa]l| AFR XN[%] | T3[K] | P3[kPa]| AFR XN[%] | T3[K] | P3[kPa]| AFR
80 99% 102% 98% 80 99% 104% 99% 80 99% 103% 97%
85 99% 101% 97% 85 100% 101% 96% 85 100% 101% 91%
90 100% 103% 101% 90 100% 102% 100% 90 100% 101% 95%
95 100% 101% 97% 95 100% 98% 97% 95 100% 98% 92%
100 100% 99% 98% 100 100% 100% 98% 100 101% 99% 91%
23 HREHEIDTUEGHKE CO emission
BRI, b EERIERE T, HEEE80%, 85%, 90%, 95%, 500
100% P 5 D DEM-TIT » 72 BrBEZE D A3 5 i L& T
IETOT Y Y VHlEIREE L A U & 22 535, JetA-1#EC 3400
L L= 2 e L L CRREI T O & BIEEEXN [%] £ 100
BB BB A LR EE TS (K], MRMe% A LIE HP3 E
[kPa], ZEMRILAFROILFZEIIIRT. £3LD, % € 200
BVOIXLDXIZHHLIOD, N4 F Ty MAFHEFA E -8-JetA-1
N e I 2 ) S by
EHWTY, JetA-1& (3TN UEEREVERTE T 8 100 —e-TJetA-1+HEFA -
5T ENGN 5, BlendBREHRLIPARETHHEETH - -B-HEFA
720 HDETIZ, [WUREHT D ZRIEAMED I 7 516 0 " " 00 9‘5 100
s - RT Ze B A Tet A-
MRS, #11 /TT@/V) HDFG;i EIo 5 75‘ TetA-1 Rotation specd XV [%]
CHART3%RA R, ZORBLELLNLY, ZTh O e )
B LT b 7 B2 MRIIEE H I 2 2 AL S L7, Fig 4 CO emission {JetA-l, HEFA, Blend
2.4 HIRAADER ..
2.4.1 JetA-1, HEFARR¥I B LU T L > NEREI D ELEL 50 NOx emission

4 ~ 612, JetA-l, HEFA®EL, B XU, WH =%
KR T50% T 2RA L7 L Y FRREHEO
Y VHER AT A D, COMEE [ppm : wet], NOxi &
[ppm : wet], PMD B & % & [mg/m°N] @ 5+l #% £
R To CORE ENOXEEE X, =V Y YR AT A
2100% & L CAREFICEHEFFM L 2E VR TDH
D, OREMHEEIIIT> Twiwv (LLFREE. THC
(total hydrocarbon) DEEHIE DT o724, EOH
D10ppmATHTIZ L A TR SN h o7z, K1X DK
BORBBEOEIVNES L, £33 L) ZRIRE TR O
ATEMFR 2RI D K& 720, Ml n] s
BXN [%] L TH®LA, M4~5X0, HEFA%
BEHCTYH, CODHEN ENOxDHEHIZIZIZE A L
ERHENZ N G05b, —H, K6 LD, PiPMOE
HEEIL, HEFAREB OB BHOL AL 5 2 LA
BH 5o

PE HPMo & & % 1k, ICAOD % % 3 % Smoke
Number® & (ZITHE L TEY, REMET YV OHk
HPMOEEEEIZBEmeg/mNEL TIZD 5N Tnwb 2
DLV, RRERTE 2 1E80%0] iz BOkE BE 0 ¥4 12 A

[
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Rotation speed X1V [00]

Fig. 5 NOx emission (JetA-1, HEFA, Blend)
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PM emission
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0
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Fig. 6 PM emission (mass density)
(JetA-1, HEFA, Blend)

Table 4 PM mass density [mg/m3N] (JetA-1, HEFA, Blend)

Rotation JetAl
Jet A-1 HEFA
speed XN +HEFA
2.9 1.4 0.52
80%
(100%) (47%) (18%)
5.9 3.1 2.0
85%
(100%) (56%) (35%)
11.9 6.7 3.8
90%
(100%) (56%) (32%)
214 13.0 7.5
95%
(100%) (61%) (35%)
46.3 31.1 18.9
100%
(100%) (67%) (41%)

PMIZHEI L2 oo 720 — T, ARMBRICB ) 2 HAM
0 L9512, % DPMIER AL WA THPMIZ 6
ER &, NA FPRENC X BPMEIEAIE I 030 Hh
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FVL74 Y G0EBROGEED H 5%, HEFAIZIZH&H
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RTOFHFZ GBS X 5 PMA KB I B % B
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5 5 PMAB L 73 D 50472, PMFE 2 DALEE UG D 5341 3
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JPAZIZENIIERE L ERIA SN 0> 7275, HDF
ZCODHEM D Z £ % 5 720 F 2NOxRPPMOHEH 7%
%, b XY, HDFOMAIE, F3IWRLAMED
ZERIE D KD T, BRBEIRRED M & D & 57 > T/
BEEEPEVWEEZONS, FHEE LTI, 11550
L0, EREERRmRIKE L, MR b EBfE L T
EHRORENPKREL Bolzl b, REMHDPECFEIIED
FWHTEEL, BIREBBRNRR L2, Rk 5T
HEELTBY, BEEOLERISs R 2 LEBHITH
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BY, FEERCKEZEOFGIMENZ EDFEHRLTNS
EEZONED, BHEHTIE, JetA-lEHL)VICHE
LTwb, HDFIZ, HEKRIIET 2V o0, PMIEH
3JetA-1D 2 fEEICELTWAE, IhE Y, FHEREIC
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LRFTWEIHEINENS,
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Fig. 7 CO emission (JetA-1, JP4, HDF)
NOx emission
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Fig. 8 NOx emission (JetA-l, JP4, HDF)
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PM emission
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Fig. 9 PM emission (mass density)
(JetA-1, JP4, HDF)

Table 5 PM mass density [mg/m*N] (JetA-1, JP4, HDF)

Rotation
Jet A-1 JP4 HDF
speed XN
2.9 1.4 6.0
80%
(100%) (49%) (205%)
5.9 2.9 15.7
85%
(100%) (52%) (280%)
11.9 8.2 259
90%
(100%) (69%) 217%)
21.4 18.6 46.3
95%
(100%) (87%) (216%)
46.3 45.1 81.6
100%
(100%) (96%) (176%)
PM emission
2.0EH08
z
E —o-JetA-1
5, 1SE+08 -=-HEFA
z =+ HDF
2 1.0E+408
b
E
g 5.0E+07
b
&
0.0E+00
80 85 920 95 100
Rotation speed X1V [%0]

Fig. 10 PM emission (number density)
(JetA-1, JP4, HDF)

2.4.3 nvPMOHEHES

ALY — ¥ RBES DA FEYEPM (nvPM) O 12
OWTI, EFEHIamA —F D, ) /NE RS2
%L, BENOMNER, PMOKAEHEOREIRKEVE
ENTHBY, TV YHOTHOEMZHEZ kD52
LIZOoWTIE, REFHMPEAML TR VERE S 2
bo AMFETIE, ENTHAY—E DLy Y R
TOFNFAOE  WPMOBB DI —FE2MELZ L%
FHRICBE, MR E 0@V L 2 B2
Tk L7z RRBRTENN L 72JetA-LHEFA HDF O ¥
A OnvPM OB F O P 7E 455 % K10~ T 80% ml iz L
DA, JetA-1TIX, PMOEE X, B X Z10x107
fil/cm®NT & - 720 WHORMAMEL VT ¥ OPMOE
BiE, COREOF—FLHEMNTE 2, BEDENIZ
X BREBIZOWTIE, HDFCIREEL L W &350
%o HEFABAKETIZ, 80%MIixE T, B & Z4.0x 10%E/
cm®N (JetA-10# 4 #) <, MoFEEOLED &b
¥, JetA-1h HHEFAMEHNIE T L 72554 OPMEEH
X, BRI EEBOHPHIREINE L o T
Who TOZ END, HEFARKTIIHRIIZKEX DD
PMOBENL R holzbEZBND,

3. ¥#8

AL TIX, MZEHNAF Yy MREHEFA100%
EHEOEHRETONITZY — DLy Y vik%E
1T 5 724G ROV TS L7ze #2247 - 72
WS, HEFABREHZ, JetA-1XIXT, Bk KR
N, BELZEOWHNRERICRE REIIEL, BEO
BHRALIZIZIEFMETH B Z PR S Nz T2, Y
PEIRIZH RE RN L9 5, HIEEBEBEOEND
W WEEZ BN, EBIZ, WHOBRE T Y Y Vik
BREAT - 7458, W UREEcCiE, BB ADHE - )
DMK & AR E L, 1FIZF USEisIRE T
BTE2I D50 o7 HERFT RITOWTIE, NOx
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1. Invited Lecture
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Invited Lecture? i H S L7z,

Invited Lecture 1 : Mr. James M. Free (Director, NASA
Glenn Research Center) “Propelling 21st Century
Aviation to New Heights”
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FEERPLICEE L OTaY oy MDY, 2010405
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TEW 720
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RHRER, BRI ERIC L 2 EPRITICK HHEX
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Precision Castparts Corporation) “Nickel-Base
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* 2 BIRRPALSEBHEAERE B E L > 5 —

i

WXENR

HORIEOLEELBIRB X UG HROBREIZOVTOH
W2 B L2, kL, A9 oS 4 Nimonic
0% f % L CTLLR, &% & ©Inconel 718, $E G &
IN738 o7z, BAETBHIELHWLNTWERBELED
BB L OCZOREEMNIHRboTERZ, ZO5HD
V—=F4 T hNR=—=Thb, T, FtLORER
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University of Dresden, Germany) “Probabilistic Analysis
of Complex System Behavior in Turbomachinery
Design”

Konrad Vogeler##%ix, TUD (Technical University

of Dresden) 23R4 3 5 K #HE T 3 BE M b 2 v 72
FEFEHALZONGE, FIEFETEIRBNEr—3 07
kY =} X ¥ b RMailach#dZ & L THEKE L T % 1
AL EBELOMIETE/LTH 525, 4 H O TIX
TUDIZBWTHZESh, Hoity— Ve LTHHW
5TV BIEFRFRRIIANT D & — REEW LRI~ OIS IZD
W, HBEHNED B Th NI,

HETIEE IO, BIEMonte Carlol: % v 724
AT i O RN & F D FEHL Sy r— (ProSi)
WCOWTIHHE D o720 ZOHRT, RETOBICRD EE
& 7% 5 B R T E OMBRROMEN R ERE £
REDIIITEBLIZFHLIHEB SN, 20,
FILIEAMERED 3, 6, 9 B H BR800 45 o 7l 72 FHAIAS
BRI, FRERZLERT 241HEHORMEN 8T
A= EERL, ZNODIEL DX AHERERWICE S 2
THENIBAT % L3I, R 7 E~ O 5 LB
R L7zo wBICIE, REFHEOFEMLH L LT, M
Wy AT A8 fkE g e LT, BB cd U805
287 X =8 DIX5D &), TR H R E 0%
bIZ 52 2 B O L2 IR E L 72,

Download service for the GTSJ member of ID , via 18.220.96.228, 2025/05/06.



Vol.44 No.3 2016.5

IGTC2015 Tokyo$i & 191

Vogeler#Iz I3k H%, RICEEEL ST, SHITHE
T > TOMHE e o720 WA—FOHEHTH o 729,
ZMHEDL L, KLEPOEBOEMDH D, WEHELHW
DER I NIz,

(kH H*)

Invited Lecture 4 : Mr. Yoshiaki Tsukuda (Mitsubishi
Heavy Industries, Ltd., Japan) “Challenge for Low
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BHAINDZEZH LT, BHEXEEORRBIEN,S
FEIRAL DS ST TN D BIRES R DS o 72
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Panel Discussion 2 : “Current Status and Future Strategy

of Electricity and Energy Supply in Asian Countries”
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NE2FEHT L0/ F e LT, BIiEEEL
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Panel Discussion 3 : “Energy Strategy: Role of Gas

Turbines in the Future Energy Network”
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for Aircraft Applications”
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NASA®Nateri MadavanfA* 513, “A NASA Perspective
on Electric Propulsion Technologies for Future Generations
of Large Commercial Aircraft” & & L TNASA® I H
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Forum 2 : “CFRP in Aircraft Engine Technology”
IhETiEy Yyl olb ) piliro 728
GMETTEOMBEVPZH T E7+—F7 L ThHY, &
Fr OB & 58 2 72 BUIRER W & H B T bz, &
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“Expectation of FRP Technologies for Next Generation
Aircraft Engine” & L CTHEER ORI M O
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