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ABSTRACT

Hydrogen is a key fuel for reducing greenhouse gas emissions in the gas turbine sector, but its combustion
characteristics differ from natural gas and may impair combustor stability. Power producers are considering
its applicability, although assessing co-firing limits remains largely within OEMs. In this study, hydrogen
co-firing tests were conducted under atmospheric conditions to evaluate combustion characteristics and
stable operating limits. As the hydrogen ratio increased, nitrogen oxide concentrations rose while carbon
monoxide decreased, and combustion dynamics exhibited pronounced low-frequency variations. The
surface temperature of combustor hot-section components also showed location-dependent behavior.
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FSR : Fuel split ratio [%]
AFSR: Change in FSR [%]
T : Temperature [C]
M : Mass flow rate [kg/s]
HR  : Hydrogen ratio [%]
0} : Equivalence ratio [-]

2y
TIT : Turbine inlet temperature [C]
CDP : Combustor dynamic pressure
A : Exhaust gas concentration correction

factor [-]

LFD : Low frequency domain [-]
IFD : Intermediate frequency domain [-]
HFD : High frequency domain [-]
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Fig. 1. Conceptual diagram of gas turbine atmos-—
phere test facility[10].
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Table 1. Summary of test conditions

Table 3. NG-H, mixture characteristics

Parameter Value
Load (MWth) 1.9
M, (kefs) max. 1.54
My (kg/s) max. 0.0384
My (kg/s) max. 0.00182
FSR (%) 93+2
T (C) 420
Tt (C) 200
HR (%) 0~31.90

Table 2. Approximate NG composition

Component Concentration (vol.%)
Methane (CHy) 93.7059
Ethane (C,Hg) 4.1515
Propane (C;Hs) 1.5970
i-Butane (i-C4H0) 0.2065
n-Butane (n-C4H o) 0.2315
i-Pentane (i-CsH,,) 0.0078
n-Pentane (n-CsH,,) 0.0023
Nitrogen (N,) 0.0975
Carbon Dioxide (CO;) 0.0000

Sum 100
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HR Fuel mass —
fraction[%] 10)
[%, vol] [%o]
NG H,

0 100 0 0.422 | 100.0
10.83 98.6 1.4 0.420 | 100.0
16.18 97.8 2.2 0.419 | 100.1
21.46 97.0 3.0 0.418 | 100.1
26.71 96 4.0 0.417 | 100.0
31.90 94.9 5.1 0.415 100.0

(a) : normalized value
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Fig. 2. H, Co—firing test procedures.
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Table 4. Emission limits for gas turbine power plant in

Korea[11]
Installed year
Item
~ 2014 ~ 2019 2020 ~
NO®@ 40925 20 10
SO, 20 15 10
Dust® 10

(a) : unit : ppmv @ 15% O»
(b) : unit : mg/Sm® @ 15% O,
(c) : 40 for gas turbines installed before July, 2001.

Table 5. Criteria for H, stability assessment in this

study
Item Criteria (relative to NG cases)
Emission 10%
CDP® avg. 10%
Metal temperature 10%

(a) : varied upon frequency domain(5~20%)
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Fig. 3. NO, CO, O, and CO, emission changes with
different HR values.
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Table 6. Frequency domains for combustion dynamic
pressure analysis

Domain LFD IFDI1 IFD2 HFD
Freq.(Hz)| 5~55 65~115 | 125~500 |500~4900
1.6 1
——LFD
15 - IFD1[-
14 —e— IFD2|
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a 1.3
o
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Fig. 6. Dynamic pressure variation with AFSR for
100% NG combustion.
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band and maximum value with different HR
values.
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