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Fig. 1 Project Organization

Table 1 R&D Topics of Member Organizations
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Fig. 1 H2-O2 Combustion gas turbine with argon gas
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ratio: 3.8, output power: 23.5kW)
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Fig. 2 Structure of electrothermal gun and FOD images
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Fig. 3 Micro gas turbine using ceramic rotor
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Fig. 1 Alloy design computer program in punched cards.
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Fig. 2 Experimental data showing the effect of the y ' phase
amount on creep rupture life.

Fig. 3 Typical ideal y / y " two-phase microstructure in a
Ni-base superalloy.
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Fig. 4 Creep rupture life (1000C/117.6MPa) and hot
corrosion rate in salt mixture (900C, NaxS04+25%
NaCl) of conventionally cast superalloys. Tensile
elongation at 900C is shown in ().
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Fig. 5 Rainbow arrangement of the 1st stage turbine blades for
high temperature durability test.
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Fig. 6 CC, DS, and SC turbine blades made of developed alloys.
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Fig. 7 The flow of our alloy design program composed of
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properties and hot corrosion resistance are predicted
for alloy selection.
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Fig. 8 Effect of lattice misfit on the creep temperature capability
of SC superalloys predicted by our alloy design computer
program.
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Fig. 9 A near-net shape turbine blade of ODS superalloy
TMO-2 (about 60 mm long), made by mechanical
alloying and directional recrystalization.
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Fig. 10 P/M turbine disc of superalloy TMP-3, forged
superplastically to 340mm diameter after HIPing (left)
and machined to be rotation-tested (right).
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Fig. 11 Ti alloy compressor disc with blades, made by
superplastic forging of compacted alloy powder
(400mm diameter).
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Fig. 12 Atom probe image of the y /y ' phase boundary.
Each bright spot corresponds to an atom.
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Fig. 13 Atomic Arrangement Design and Control Project

Symposium, with researchers from Cambridge
University, Oxford University and Rolls-Royce (Derby).
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Fig. 14 TMS-82+ and TMS-75 were tested successfully
in a 15 MW power generation gas turbine.
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Fig. 15 The fine interfacial dislocation network on the rafted

y /7y’ interface was found to improve creep strength.
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Fig. 16 Degradation in substrate SC superalloy TMS-138
is observed under conventional bond coating with
Amdry9945 (CoNiCrAlY) but not under EQ coating
with TMBC-1, after heating at 1100C for 300h.
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Fig. 17 Developed Cast&Wrought disc superalloys, TMW-
2, TMW-24 and TMW-4M3 have creep strengths
comparable with powder metallurgy processed alloys.
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Fig. 18 Virtual gas turbine system combining alloy design and
turbine system design programs.
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Fig. 19 A large high pressure turbine blade successfully cast
with TMS-1700 (MGA1700).
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Fig. 20 Turbine rotor with TMD-103 blades, after running test.
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Fig. 21 Rolls-Royce Trent1000 with TMS alloy as turbine blades,
on wing of Boeing787.
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Fig. 22 The history of improvement in creep temperature
capability of Ni-base superalloy.
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Fig. 23 SEM photograph of fracture surface of zirconia fiber
uni-directional reinforced composite.
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Fig. 24 Direct recycling of turbine blades, providing high
recycling rate, low recycling cost, and low environmental
pollution.
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Fig. 25 Developed two-chamber large vacuum heat treatment furnace for ultra-high temperature

use, equipped with rapid cooling mechanism by high-speed argon gas flow.
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Fig. 2 Turboprop Engine
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Table 1 Engine Specification of High BPR Turbofan Engines

Aircraft 767 737 m 787 A350
Delivery 1985 1995 2004 2012 2019
Model CF6 CFM56 GE90 GEnx | TrentXWB
Thrust (Ibs) 62,100 27,300 110,760 74,100 84,200
BPR 53:1 5.1:1 9:1 9:1 9:1
Fan Dia. (m) 248 1.55 3.25 2.80 3.00
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Fig. 5 Specific Fuel Consumption vs Engine Model
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Fundamental Study on Hybrid System of Existing Heavy-duty Gas Turbine and

Solid Oxide Fuel Cell
S KR! e

YAJIMA Ryotaro

ABSTRACT

NAKANO Susumu TAKEDA Yoichi

A solid oxide fuel cell (SOFC) hybrid system combined with an existing medium-capacity heavy-duty gas turbine

18 proposed to promote the use o rogen. As the output power o 1s about o of total output power
(GT) is proposed to p h f hydrogen. As th put p f SOFC is about 10% of total output p

of the system, this hybrid system could be thought to maintain a function of load following by the GT. A calculation

method to analyze the cell performance and flow conditions of the cell tube for the actual-scale SOFC is presented,

and is validated by comparing with the measured results of the performance tests of the actual SOFC. As the SOFC

shows high performance under the high temperature operation condition, supply gases to the SOFC are heated by

recuperators using exhaust gas of the catalytic burner in which residual hydrogen of the SOFC exhaust gas is burned.

For the same condition of fuel flow rate in hydrogen co-firing GT, the output power of this system increases by 4%

compared to the 30 volume % hydrogen co-firing GT.

¥—TJ—FK:SOFC, #A¥ =¥, NATVvy FTAT L, WA, R, KEREE
Key words : SOFC, Gas Turbine, Hybrid system, Recuperator, Efficiency, Hydrogen co-firing
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Fig. 1 Proposed SOFC-GT hybrid system
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Fig. 2 The external view of SOFC cell stack
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Fig. 3 Schematic diagram of cell stack
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Fig. 4 Numerical grid of gas flow calculation
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TV A Yy 7 O E BRI E ORI RTIROME Y T
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THIRT 2L %2F 2 5. HABZHOMKIET A M
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N OB & U TR BESRHE T A E 2 b b, 2
ZTIE, BE L LCGTHEA 2 L IE Mt B 28 2 2
7237 —ATOBEEEZ D, Table 4i23 7 —AD
RS OB IR AT ATRASE 2R BB
HOERT AT RSEMFEZHR—T 5720, 1 HOFE
B PRI T B SR A A O R K= IZSOFCHE A A
LR R I\ 8kg/sIZEkE L7no Ml BERRBE B e A
2% 5A1%, BRF L BROMBH T 2 DEEHE
TEDSEIRBE B HE A AR RS e B T 2T, fllipAE
WHET A BT A6 0, L ZE ol
JE ER%E, BEHIOMBHA T AEENT A= L LT
FEET o720 7 — Y N R L AR 2250 8
DA, MBLRBEREES AR & OO 7280, BRE
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1Tole ZROMBGIEIZ, ¥ — Y VP2 V54
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Table 1 Experiment and calculation conditions for temperature
and voltage distribution test

Ttems Unit [Experiment Calculation
Hz/Nz HZ/NZ
Fuel
. 0.7/0.3 0.7/0.3
Gas composition
Air 0> 02/N2/CO»
0.21 0.209/0.781/0.01
Inlet Temperature Fuel| °C - 920
conditions P Air| °C - 300
of gas flow Pressure MPa 0.101 0.101
Fuel utilization ratio % 25 25
. 380.5
Current densit 2
B Y mA/em 380 (Calculation result)
. s . 14.5
Oxidant utilizat t 9 14. .
ricant utfization rato ° > (Calculation result)

Table 2 Experiment and calculation conditions for current-
voltage characteristics test

Items Unit Experiment Calculation
Ho/N.
Fuel[ - Hydrogen 22
.. 0.7/0.3
Gas composition
. 02/N>/CO»
Air
0.209/0.781/0.01
Inlet Temperatur Fuel]l °C 900 900
conditions emperature P T oc (Operation temperature) 900
of gas flow Pressure MPa 0.101, 1.5 0.101, 1.5
Fuel utilization ratio % 60 60
Oxidant utilization ratio % 20 199 R 20.1
(Calculation result

Table 3 Inlet conditions of cold gas for recuperator

Mass flow rate Temperature
[kg/s] [°C]
Fuel 0.63 20
Air 8.42 374

Table 4 Inlet conditions of hot gas for recuperator

Heat source Recuperator application| Mass flow rate X Temperature
[ke/s] ]
. . Fuel heating 1.0=x =8.0 374
Compressor discharge air
. Fuel heating 1L.0=x =8.0
Catalytic burner exhaust gas 920 - 1030
Air heating 9.05 - x
. Fuel heating 1L.0=x =8.0
Turbine exhaust gas 600
Air heating 8.0

5.3 KFRBEGT & D

GTY AT LI BITBKFZMFOMEF D20, KHER
BEGT & RILEDSOFCNHNA 7 v FY AT 20 ME
HaAT) . EHH386 MW, #ilim 2 (13A) % #RE
ELAMAERERGTY AT 2FHONRN=2E LT, B
FHEDOGTY I 2L =5 wTEt Lz KERBE
GTORMETIE, #H A A L KFEZEMILT0 : 30THR
L, MHHTADOAEZBREETRLAEOHELFLL
LhHEIH)ENTFNOERER=Z D S, SOFCNHNA T
Yy FY AT ATIIKRERBEGTOKRZ L RIEOKFEE
SOFCIZH# 9 %0 4% Table 5I27/R 3. R— A
L BBAFGTORIH # &0 T I r— A% L7204 B,
Table 6IZEHHICH WA A O T AMEERT. &
72, SOFCOMEFIH#ITFEMSOFC L [/ L60% & L 72,

Table 5 GT system calculation conditions

G o Fuel Ratio of fuel Ratio of air
as COmpO:lllOn
calory | mass flow rate | mass flow rate
13A | Ha N2 ratio 13A H,
Existing GT — T 0 [ o 1.0 0 | o 1.0
30% hydrogen cofiring GT| - | 70 | 30 | 0 1.0 | 089 | 0.041 1.0
Pronosed svstem Gr 100 o | o 09 089 0 0.922
posedsys SOFC| 0 | 70 | 30 |01 0| 004l 0.078

Table 6 Gas composition of city gas

Gas composition| Methane | Ethane | Propane | Butane
Volume ratio 0.882 0.053 0.048 0.017

5.4 BIFGTEHZGRHTOERY X7 LEHA

WIS, RIREY AT A2 WHAGTY AT 2 OiElRS
HCTEM LB E0Y AT ARSI L, Boam
O EMAMEREICBITS Y AT AN 2HRT 5, i
R E L72GT Y AT A DHARMAAR%E Table 7I2R T, %t
G L L72GTY AT AL, TN, Y AL 2 VTHY
EMEZ, FRAY -V EERY - o
ACH b, ZERY—C UV HALDOERKDOIEN LIRE, B
FUOERKRE,OERY —C v 2R L CER T —
FhHELGIC ZETCTH AR LAY, 4.4 Tk
REZEIIWCVATFAYI2aL—FDANTF—% L LTI,
Mk, IGVEAEE, B X OREHEEZSLEICR Y, Th
5IIFig I1NRT & 9 1GEET— 7 280 L T5 2 72
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Table 7 Specifications of existing gas turbine system

Item Value

109 MW
((Gas Turbine+Steam Turbine+Generator)x2 Systems)

Rated Output of the Plant

Rated Ratational Speed 7280 rpm
Compressor 17-stage Axial
Turbine 3-stage Impulse
Combustor Low NOx Combustor (10 Cans)
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Fig. 7 Current-voltage characteristics of cell stack
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Table 8 Comparison of proposed system with hydrogen co-firing
turbine system

Output ratio |Efficiency ratio | Turbine inlet temperature
[-] [-] [°C]
Existing GT - 1.0 1.0 1280
30% hydrogen co-firing GT - 0.99 0.99 1270
GT |0.926
Proposed system 1.04 1.04 1210
SOFC | 0.114

Table 9 Gas temperature of hot section in hybrid system

Temperature (OC)
Air Fuel Combustion gas
inlet 374 20 -
GT combustor
exit - - 1240
inlet 521 594 -
SOFC
exit 605 889 -
. inlet 605 889 -
Catalytic burner
exit - - 998
inlet 374 20 998
Recuperator . 51 S04 Air side | Fuel side
exit 817 | 800
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High Temperature Oxidation Behavior of Ni-Based Alloys in Hydrogen
Atmosphere Containing Oxygen
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FUKUMOTO Michihisa

ABSTRACT
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HARA Seiya

Global warming has become a serious issue. This issue is caused by greenhouse gases emitted from heat engines

using fossil fuels. Therefore, hydrogen energy is currently attracting attention instead of fossil fuels. By burning

hydrogen and using it in a gas turbine, it is possible to generate electricity without emitting greenhouse gases.

However, when hydrogen is used as fuel, the high-temperature oxidation behavior of alloys has not been investigated.

In particular, no report has been made on the effects of oxygen in a hydrogen environment. Therefore, in this study,

the effect of oxygen in a hydrogen environment was investigated by accurately supplying oxygen using hydrogen as a

fuel and using an oxygen pump sensor, which is an oxygen supply device.

¥—T7—K k%K NikEE BERYT - 2y —, BESE FAF¥-—E
Key words : Hydrogen, Ni-based Alloy, Oxygen Pump-Sensor, Oxygen Partial Pressure, Gas Turbine
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Fig. 2 Schematic diagram of principle of oxygen pump sensor.
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Fig. 3 Relationship between current and oxygen partial
pressure when the potential is controlled by the 1st
stage oxygen pump Sensor.
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Fig. 4 Time dependence of oxygen partial pressure when no
current is applied to the oxygen pump sensor at the Ist
stage.
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Fig. 5 Cross-sectional microstructure of Ni-10Cr and Ni-10Cr-5Al
after oxidation under Ar-10%H: atmosphere for 4 h.
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Fig. 6 Time dependence of current (a) and oxygen partial pressure (b) when oxygen is supplied using the oxygen
pump sensor at the 1st stage by controlling the potential at -0.5 V and 0.2 V.
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Fig. 9 Schematic diagram of the oxidation mechanism at each
oxygen partial pressure.
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Fabrication of a Nickel Single Crystal by Controlling Melt Pool Geometry
in Laser Powder Bed Fusion
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ABSTRACT

The demand for additive manufacturing of high-temperature components with nickel-base single-crystal superalloy
is increasing in aircraft and gas-turbine industries. We investigated the effect of laser scan speed on the microstructure
and texture of pure nickel specimens fabricated via laser powder bed fusion using a flat-top laser beam. The
<110> texture changed to near-<100> as the scan speed increased. A further increase in the scan speed resulted in
the closer-<100> texture accompanied with the formation of stray grains. Under the condition in which the most
uniform texture close to <100> was formed, the density of geometrically necessary dislocation was at a minimum.
Additionally, the length of the high-angle grain boundary became almost zero, resulting in a single-crystal structure.
The difference in-between the build direction and grain growth direction in a planer melt pool on the X-Z plane may

contribute largely to the grain selection before the formation of the single-crystal structure.
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Key words : Jet Engine, Gar Turbine, Additive Manufacturing, Single Crystal, Nickel, Laser Powder Bed Fusion
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(a) (b) Table 1 Fabrication parameters in this study.
Laser Laser scan Hatch Energy
power speed space density
[W] [mm/s] [pxm] [J/mm?]
Gl 300 600 80 46.16
G2 300 900 80 37.89
Fig. 1 Schematics of the intensity distribution of (a) Gaussian G3 300 1200 80 3264
and (b) flat-top laser beams. FT1 500 100 100 50.96
FT2 500 140 100 43.07
2. H*—f & %5&77'}5‘5\ FT3 500 200 100 36.04
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Fig. 2 Fabricated cylindrical specimens.
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Fig. 3 IPF maps and textures of Gaussian-laser fabricated
specimens (G1, G2, G3) on the cross-sections
perpendicular to and transverse to the build direction.
All TIPF maps were set along the build-direction axis.
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Fig. 4 IPF maps and textures of flat-top-laser fabricated
specimens (FT1, FT2, FT3) on the cross-sections
perpendicular to and transverse to the build direction.
All TPF maps were set along the build-direction axis.
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Fig. 5 Schematic grain morphologies at high and low laser-scan
speeds on X-Y, X-Z, Y-Z planes. Grain morphologies with
axial growth on X-Y plane are also shown in (2) and (h).
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Fig. 6 Schematic grain morphologies under the FT2 condition
on X-Y, X-Z, Y-Z planes.
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Fig. 7 Kernel average misorientation (KAM) maps of G1, G2,
G3, FT1, FT2 and FT3 specimens.
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Fig. 8 High and low angle grain boundaries (HAGB, LAGB)
lengths of G1, G2, G3, FT1, FT2 and FT3 specimens.
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