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Study on the influence of various air coefficients and hydrogen blending ratios on
flame stability of 10 mm burner port

LIU Fang, YANG Hongwei, DENG Fujie
Technology R&D Center, CNOOC Gas & Power Group Co. Ltd.

Abstract: [Objective] Hydrogen-enriched natural gas (HENG) delivered via pipeline transmission potentially induces blame lifting
and flashback during combustion, adversely impacting flame stability at terminal gas equipment. This study aims to investigate the
influence of various air coefficients and hydrogen blending ratios on the burning flame stability of typical terminal gas equipment through
simulation and experimental verification. [Metheds] Focusing on a 10 mm circular single burner port within terminal gas equipment, the
simulation calculations were performed respectively under the blame lifting conditions with primary air coefficients of 0.40, 0.60, 0.65,
0.70, and 0.80, alongside hydrogen blending ratios of 0, 3%, 5%, and 10%, and the flashback conditions with primary air coefficients of
0.60, 0.65, 0.70, and 0.80, combined with hydrogen blending ratios of 0, 3%, 5%, and 10%. Subsequent experimental verification was
conducted adhering to an experiment plan designed for testing the flame stability of natural gas (pure methane) doped with hydrogen,
in alignment with GB/T 16411-2023, titled “Universal test methods of gas burning appliances for domestic use”. [Results] The average
relative error between the simulated and measured values of the critical gas flow rate at the port stood at 5.73% under the blame lifting
scenario, which verified the reliability of the blame lifting simulation model. Conversely, this relative error rose to 11.22% under the
flashback scenario, attributed to the influence of the experimental conditions. As the hydrogen blending ratio increased, a corresponding
elevation in the blame lifting limit was noted, leading to a reduced probability of blame lifting. Consequently, hydrogen blending was
recognized as advantageous for deterring blame lifting occurrences. Furthermore, with an increase in the hydrogen blending ratio, a

similar rise was observed in the flashback limit, signifying an elevated tendency of flashback. [Conclusion] The study findings offer a
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reference for the industrial applications of hydrogen-enriched natural gas. Simulation serves as a targeted analytical method to assess
the adaptability of hydrogen blending for end users of natural gas under restricted experimental conditions. Furthermore, in application

scenarios involving a high hydrogen blending ratio, it is advisable to conduct tailored tests to guarantee the stable performance of terminal

r [ %71 Y

gas equipment. (13 Figures, 6 Tables, 22 References)

Key words: circular burner port, hydrogen blending ratio, simulation, blame lifting, flashback
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Table 1 Simulation conditions of 10 mm circular single-port
burner for blame lifting
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Fig. 3 Contours of simulation results of blame lifting at port outlet rate of 7 m/s
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Fig. 5 Contours of simulation results of blame lifting at port outlet rate of 8 m/s
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Fig. 6 Critical rate curve of natural gas combustion under
flame lifting scenario in 10 mm circular single-port burner with
various air coefficients and hydrogen blending ratios
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Table 2 Simulation conditions of 10 mm circular single-port
burner for flashback
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Fig.7 Contours of simulation results of flashback at port outlet rate of 0.18 m/s
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Fig. 8 Contours of simulation results of flashback at port outlet rate of 0.16 m/s
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Fig. 9 Contours of simulation results of flashback at port outlet rate of 0.145 m/s
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Fig. 10 Critical rate curve of natural gas combustion under
flashback scenario in 10 mm circular single-port burner with
various air coefficients and hydrogen blending ratios
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Fig. 11 Combustion experimental setup of 10 mm circular
single-port burner
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Table 3 Experimental data of blame lifting limit parameters for 10 mm circular single-port burner

WE/L min D

BA —IREREH TR A v AUHE(m s FERLEAW -mm ™)
3% 0.40 6.28 0.19 24.09 6.49 35.91
3% 0.60 2.73 0.08 15.74 3.94 15.60
3% 0.80 1.44 0.04 11.06 2.66 8.21
5% 0.40 6.73 0.35 25.97 7.02 38.70
5% 0.60 3.07 0.16 17.80 4.46 17.66
5% 0.80 1.57 0.08 12.15 2.93 9.02
10% 0.40 8.53 0.95 33.42 9.11 49.93
10% 0.60 3.56 0.40 20.88 5.27 20.86
10% 0.80 1.83 0.20 14.33 3.47 10.69
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Table 4 Experimental data of flashback limit parameters for 10 mm circular single-port burner

/L min D

BE —IREAARE TR A =5 URHE(mes™D HGREE /(W -mm ™)
3% 0.40 — - — — —
3% 0.60 — — — — —
3% 0.80 0.06 0.002 0.49 0.117 0.344
5% 0.40 — — — — —
5% 0.60 — — — —
5% 0.80 0.09 0.005 0.67 0.162 0.519
10% 0.40 — — — — —
10% 0.60 — — — — —
10% 0.80 0.09 0.010 0.67 0.163 0.527
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Fig. 12 Critical port gas flow rate curve of 10 mm circular
single-port burner under blame lifting scenario
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Fig. 13  Critical port gas flow rate curve of 10 mm circular single-port
burner under flashback scenario with primary air coefficient of 0.80
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Table S Error statistics of critical port gas flow rate of 10 mm
circular single-port burner under blame lifting scenario

KA/

YR = — MEIA AH
T A Y SD B
R e e e e R
S 05
3% 0.40 6.49 6.00 7.6%
5% 0.40 7.02 6.50 7.4%
10% 0.40 9.11 8.00 12.2%
3% 0.60 3.94 4.30 —9.1%
5% 0.60 4.46 4.50 —0.9% 5.73%
10% 0.60 5.27 5.00 5.1%
3% 0.80 2.66 2.50 6.0%
5% 0.80 2.93 3.00 —2.4%
10% 0.80 3.47 3.50 —0.9%

6 10 mm [EF B AFLEARERIELKIGF KFLSUREEIRE
S EE S
Table 6 Error statistics of critical port gas flow rate of 10 mm
circular single-port burner under flashback scenario

]
g EET G e T
A g pisi RE
3% 0.117 0.120 2.40%
5% 0.80 0.162 0.130 19.96% 11.22%
10% 0.163 0.145 11.30%
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[T 5 K LRI 28T e Sy, SRAT S e K [ K B AR
LA I S50 25 . 10 mm [5 J2 B K FL IR Joe 2% JiE K I
F KL BB AME 5 S IAE ) 5 KA iR 2N
12.2%, FHIMFT R ZE N 5.73%, /£ TRERZLE N,
BSAIE 1 B0 KA EABE Y () AT FE 510 mm [T B K AL
BT — IR R BON 0.80 B, [A] Kl 5t K FLA L
FEREFOME 15 S IAE 1) e KA X 1R 2208 19.96 %, 251 4H
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