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ABSTRACT: Under the "dual-carbon" context, accurate
assessment of gas network states under hydrogen blending is
crucial for energy system transformation. This paper proposes a
steady-state analysis method for hydrogen-blended gas
networks based on gas composition tracking, aiming to address
the shortcomings of existing models in terms of physical
rationality, numerical stability, and applicability. Specifically, a
concentration model is introduced to track gas composition
under multiple and varying hydrogen injection conditions.
Additionally, the traditional hydraulic model is systematically
revised, and a generalized pipe pressure drop equation
applicable to various pressure levels is established.
Furthermore, an alternate-joint solution strategy based on the
Newton loop-node method is developed to resolve initial value
selection and convergence issues arising from traditional gas
network analysis methods. The effectiveness and numerical
stability of the proposed model are demonstrated through an
illustrative example and a practical gas distribution network,
highlighting the strong engineering applicability potential of

the proposed method in real-world gas network analysis.
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Table 1 Convergency of the alternating-joint and joint
solutions for different initial flows

SRAE T FEYME/(Nm’s ™) AR LI /s
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Fig. 2 Real-world 31-node UoM gas distribution system
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Fig. 3 Resulting gas flow directions of scenario I and II
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Table 2 Computational efficiency of different solution
methods for scenario I and I1
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Table A1 Resulting network states of the SS-H model

HiE Oi/ v/ v/ AR pi Siw/ s/ Qf Wi
i-j Nm’s! mes™ mes” i MPa mol% ' MJ-Nm™ MJ-Nm™
1-2 0.067 4.23 436 1 0.2000 0.00 0.61 40.10 51.18
1-3 0.051 323 3.28 2 0.1944 26.21 0.47 32.92 47.97
2-3 0.090 5.62 5.84 3 0.1966 16.77 0.52 35.50 49.12
RA2 SS1 REMERRSIHTHEER
Table A2 Resulting network states of the SS1 model
(S O/ v/ v/ TR ol Jim S/ Qf wil
i-j Nm®ss™! mes™ mes™ i MPa mol% ' MJ-Nm™ MJ-Nm™
1-2 0.062 3.94 4.04 1 0.2000 0.00 0.61 40.10 51.18
1-3 0.055 3.52 3.60 2 0.1951 27.63 0.46 32.53 47.79
2-3 0.085 5.31 5.55 3 0.1960 16.77 0.52 35.50 49.12
FA3 S EANEMRSIHELER
Table A3 Resulting network states of the SS2 model
Hid o v/ v/ A pil Simd S/ Qf Wi
i-j Nm’ss™! mes” mes™ i MPa mol% ' MJ-Nm™ MJNm™
1-2 0.058 3.67 3.75 1 0.2000 0.00 0.61 40.1 51.18
1-3 0.043 2.76 2.80 2 0.1957 29.06 0.46 32.14 47.62
2-3 0.081 5.04 5.24 3 0.1975 18.94 0.51 34.91 48.85
M3k B
& Bl ZMREMHIFTAFERSMRSFRINER
Table B1 Gas demand of UoM gas distribution system
TR MW T %MW TR I# /MW A DE/MW
1 0 9 0 17 0.56 25 0.87
2 0 10 0.56 18 0 26 0
3 0 11 0.33 19 0 27 1.33
4 0 12 0 20 0.04 28 0
5 0 13 0 21 0.76 29 0
6 0.03 14 0 22 0 30 0
7 0 15 0.62 23 0.13 31 4.93
8 0.01 16 0 24 0
®B2 BERIMESR I HEEREREKRBELLER
Table B2 Resulting pipeline states of Scenario I and 11
e BRI BRI
pi/MPa frpa/mol% W/MJ-Nm™ pi/MPa fir/mol% W/MJ-Nm™
1 0.2000 0.00 51.18 0.2000 0.00 51.18
2 0.2000 0.00 51.18 0.2000 0.00 51.18
3 0.2000 0.00 51.18 0.2000 0.00 51.18
4 0.1999 17.69 49.01 0.1999 19.31 48.81
5 0.1999 17.69 49.01 0.1999 19.31 48.81
6 0.1999 17.69 49.01 0.1999 19.31 48.81
7 0.1999 33.38 47.10 0.1999 35.89 46.80
8 0.1999 33.38 47.10 0.1999 35.89 46.80
9 0.1998 33.38 47.10 0.1998 35.89 46.80
10 0.1996 27.61 47.80 0.1996 30.06 47.50
11 0.1997 17.69 49.01 0.1997 19.31 48.81
12 0.1995 33.38 47.10 0.1995 35.89 46.80
13 0.1993 33.38 47.10 0.1995 35.89 46.80
14 0.1977 33.38 47.10 0.1989 35.89 46.80
15 0.1977 33.38 47.10 0.1989 96.23 45.90
16 0.1977 33.38 47.10 0.1991 100.00 48.36
17 0.1969 33.38 47.10 0.1981 35.89 46.80
18 0.1981 33.38 47.10 0.1991 35.89 46.80




19 0.1977 33.38 47.10 0.1990 76.62 43.12
20 0.1977 33.38 47.10 0.1990 100.00 48.36
21 0.1976 33.38 47.10 0.1989 76.62 43.12
22 0.1920 33.38 47.10 0.1921 35.89 46.80
23 0.1772 33.38 47.10 0.1771 35.89 46.80
24 0.1772 33.38 47.10 0.1771 35.89 46.80
25 0.1737 33.38 47.10 0.1735 35.89 46.80
26 0.1683 33.38 47.10 0.1680 35.89 46.80
27 0.1708 47.10 0.1706 35.89 46.80
28 0.1684 33.38 47.10 0.1682 35.89 46.80
29 0.1699 33.38 47.10 0.1697 35.89 46.80
30 0.1604 33.38 47.10 0.1601 35.89 46.80
31 0.1549 33.38 47.10 0.1545 35.89 46.80
F B3 BERIFER AT RMEIRESKARER
Table B3 Resulting node states of Scenario I and 11
. BRI BRI
ﬁ]ﬁ 3,1 sta ~1 end —1 3,1 start —1 end —1
Qy/Nm’-s Vi /mes Vi /mes Qy/Nm’-s Vi /mes Vi /mes
1-2 0.22 1.14 1.14 0.197 1.03 1.03
2-3 0 0 0 0 0 0
2-4 0.22 1.14 1.14 0.197 1.03 1.03
4-5 0.016 0.17 0.17 0.016 0.17 0.17
5-6 0.001 0.21 0.21 0.001 0.21 0.21
4-7 0.251 1.3 1.3 0.228 1.19 1.19
7-8 0 0.04 0.04 0 0.04 0.04
7-9 0.31 1.61 1.61 0.287 1.49 1.49
9-12 0.299 8.46 8.48 0.276 7.81 7.82
9-10 0.011 1.23 1.23 0.011 1.28 1.28
10-11 0.006 0.71 0.71 0.006 0.7 0.7
12-13 0.064 4.09 4.09 0.036 2.28 2.28
13-14 0.036 4.13 4.16 0.021 2.42 2.42
14-15 0.018 2.07 2.08 0.003 0.3 0.3
15-16 0.002 0.21 0.21 0.042 4.83 4.82
14-17 0.018 4.69 4.71 0.019 4.77 4.79
13-18 0.028 3.15 3.17 0.014 1.64 1.65
18-19 0.028 3.17 3.17 0.014 1.65 1.65
19-20 0.003 0.37 0.37 0.025 2.87 2.87
19-21 0.024 2.81 2.81 0.04 4.51 4.52
12-22 0.235 14.99 15.57 0.24 15.32 15.92
22-23 0.235 15.57 16.87 0.24 15.92 17.27
23-24 0.004 1.23 1.23 0.004 1.25 1.25
23-25 0.231 16.56 16.9 0.236 16.95 17.3
25-26 0.028 8.27 8.54 0.029 8.47 8.74
25-27 0.202 14.83 15.08 0.207 15.19 15.44
27-28 0.043 12.83 13.01 0.044 13.14 13.32
27-29 0.159 11.87 11.94 0.163 12.16 12.22
29-30 0.159 11.94 12.65 0.163 12.22 12.96
30-31 0.159 12.65 13.1 0.163 12.96 13.43
5-11 0.016 1.76 1.76 0.015 1.75 1.76
16-20 0.002 0.21 0.21 0.028 3.23 3.24
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Fig. C1 Hydrogen injection curve
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Fig. C2 Hydrogen concentration at pipeline ending



