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100% Hydrogen Dry Low NOx Combustor Developments
for 2MW Class Gas Turbine and Engine Demonstration Test
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ABSTRACT

Kawasaki Heavy Industries, LTD. (KHI) has research and development projects for a future hydrogen society.
These projects comprise the complete hydrogen cycle, including the production of hydrogen gas, the refinement and
liquefaction for transportation and storage, and finally the utilization in a gas turbine for electricity and heat supply.
Within the development of the hydrogen gas turbine, the key technology is stable and low NOx hydrogen combustion,
namely the Dry Low NOx (DLN) hydrogen combustion. KHI, Aachen University of Applied Science, and B&B-
AGEMA have investigated the possibility of low NOx micro-mix hydrogen combustion and its application to an
industrial gas turbine combustor. From 2014 to 2018, KHI developed a DLN hydrogen combustor for a 2MW class
industrial gas turbine with the micro-mix technology. Thereby, the ignition performance, the flame stability for
equivalent rotational speed, and higher load conditions were investigated. NOx emission values were kept about half
of the Air Pollution Control Law in Japan: 70ppm (02-16%). From May 2020, KHI started the engine demonstration
operation by using an M1A-17 gas turbine with a co-generation system located in the hydrogen-fueled power generation
plant in Kobe City, Japan. During the first engine demonstration tests, adjustments of engine starting and load control
with fuel staging were investigated. On 21st May, the electrical power output reached 1,635 kW, which corresponds to
100 % load (ambient temperature 20 “C), and thereby NOx emissions of 55 ppm (02-16%, 60 RH%) were verified. And
finally, power output reached to 1800kW and NOx emissions were 60 ppm (02-16%, 60 RH%) . Here, for the first time,
a DLN hydrogen-fueled gas turbine successfully generated the electricity and heat.
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Fig. 1 Technology developments for Hydrogen Society in
Kawasaki Heavy Industries, Ltd.
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Fig. 2 Micro-mix hydrogen dry low NOx combustion principle
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DLE combustor with micro-mix burner module
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Fig. 4 Schematic view of Kawasaki M1A-17 gas turbine,prototype
hydrogen DLE combustor and micro-mix burner module
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Fig. 5 Hydrogen supply in the engine start-up and power
generation conditions
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Fig. 6 Prototype combustor installed to the high pressure test
facility at RWTH Aachen University, IKDG (left) and
inside MMX combustor at design conditions (right)
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Fig. 7 The relationship between combustor pressure loss ratio
and NOx emission
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Fig. 8 Schematic view of improved MMX burner geometries;
0.8 MMX (left) and 055 MMX (right)
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Table 1 Evaluation Item and Test Facility

Evaluation Item Test Facility

KHI Akashi Works
KHI Akashi Works

Ignition Performance

Flame Stability
for Engine Start-up Conditions

NOx Emissions

RWTH Aachen University, IKDG
Combustion Instability RWTH Aachen University, IKDG
Combustor Parts Temperature RWTH Aachen University, IKDG

Combustor Outlet Gas | KHI Akashi Works
Temperature Profile

Flame Stability
in High Load Conditions

Endurance of Combustor Parts

RWTH Aachen University, IKDG

RWTH Aachen University, IKDG
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Fig. 11 NOx emission (02-16% corrected values) results and
hydrogen flow rate ratio for each hydrogen supply rings
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Fig. 12 Combustion oscillation frequency and pressure
amplitude of 0.8 MMX and 0.55 MMX
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Fig. 14 Combustor parts temperature at 100% load conditions
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Fig. 15 Gas temperature measurement probe position and
comparison of gas temperature profile
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Fig. 17 Time series data of combustor outlet gas temperature
and pictures of hydrogen flame (0.8 MMX)

BRI ROB M

PRBEL R OV % R T 5 720, 100%F 4 41
Y% 2 BRI RS % ilBr % it L 720 Figl2iaR L7z
RBEREN SRR 2 554 4 7 VIS O 2 HIW§ 5 72
DITIE, YR L RBEIRE) O 35 ©107m2F)
ET BT AR 28kHzOME) THITH A,
C ZTIERWTHT — A ¥ RFIKDG D il B i 0 7K iy
HAEN AT L, 100% 8 S HHY % 2 B PREE & L
720 Fig. 1812055MMX % Ji \» 7= 3Bk K 0 e R 51 7 —
RY. 2EEM O, NOxIX35ppmBL T, BREEZETE T
HEFELREL Tz,

100%
Load

50%
Load

12135
20 | | — TPLR
== NOXx [ppm_02-16%]

NOx [ppm_02-16%]

10

Gas Temperature [C_AVE]

== Gas Temperature [C_5 points]

12:15 12:45 13:15 .13:45 14:15 14:45
Time

Fig. 18 Time series data of the 2 hours 100% load conditions
hold test (0.55MMX)

Fig. 1912 # Bk £ 0 PR BEZ 3B i % 7R 370 Fig. 191213,
055MMX D #EH % /R 345, 0.8MMX B L N0.55MMX D
ZNENT, 100%E M G EAHY % 2 R AR5 2 R
ZFEML, HEMRCTHESEEI N & 2Lz,
T2, ETORBEFTMICREREGERELZFERL, 7
Sy 7 EPEL TRV ERER LT,



Vol. 49 No. 4 2021.7

2MWIRH X2 —E 2 RKZFR K7 MENOXREREDRFEE I Y CEAIHER 7

Fig. 19 Pictures of combustor parts after the test (0.55 MMX)
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b) Diffusion flame combustor, fuel injector
and image of water injection

Fig. 20 Picture of hydrogen fuelled gas turbine cogeneration
power plant and diffusion flame combustor

€
Steam Flow t/h

Fig. 21 Picture of control monitor at 100% hydrogen operation
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Fig. 22 Pictures of diffusion flame combustor (left) and dry low
NOx combustor (right), and after piping of gas supply
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Fig. 23 Picture of technology verification test with dry low
NOx combustor
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Fig. 24 Time series data of the engine start test on 12" May, 2020
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Fig. 25 Time series data of the engine loading test on 215 May, 2020
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Fig. 26 Pictures of inside combustor parts after 1% engine test
and tip of thermocouple for gas temperature measure-
ment at AGP
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Fig. 28 Combustion oscillation frequency and pressure
amplitude in the heat and power supply test on 18"
January, 2021
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Fig. 29 0.8MMX burner module after engine demonstration tests
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