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Abstract: In order to realize the independent and controllable simulation software of urban energy pipeline network,
this paper proposes a universal urban energy pipe network simulation calculation model based on the domestic
heterogeneous high-performance computer "Songshan" supercomputing platform. It enhances the adaptability to
domestic heterogeneous parallel computer systems by optimizing the model of the non-pipe component and simplifying
its input and output parameters. Then, it encapsulates the calculation process of different pipe network components,
which can reduce the computational dependency of each connected component in the simulation calculation process
and improve the parallelism of the engineering implementation of the calculation model. Finally, it also proposes a
parallel system solution for energy pipe network simulation with this simulation calculation model. The generality of
the suggested computational model has been proved by simulation tests of three separate real pipeline networks for
urban water, gas, and heat. The simulated pressure has an error rate of less than 4% and its temperature has an error rate
of less than 2%, according to comparisons between the actual network measurements and the simulated data in the
network simulation model. These results also show that the pipe network simulation model proposed in the paper
provides excellent computational versatility on domestic supercomputing platforms

Key words: heterogeneous computing; energy supply networks; simulation model; fluid networks; parallel computing
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Fig.2 Programming model for heterogeneous architecture
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Fig. 7 Simulated pressure comparison of water model at 7:30 AM on July 10 2021
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Fig. 8 Water pressure DR at 7:30 AM on July 10 2021
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Fig. 9 Simulated pressure comparison of Gas Model at 11:30 AM on Sep. 26 2022
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Fig. 10 Gas Pressure DR at 11:30 AM on Sep. 26 2022
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Fig. 12 Water pressure DR of thermal model at 21:50 PM on Feb. 23 2022
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Simulated pressure comparison of thermal model at 21:50 PM on Feb. 23 2022
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Fig. 13 Simulated temperature comparison of the supply network at 21:50 PM on Feb. 23 2022
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Fig. 14 Temperature DR of supply water network at
21:50 PM on Feb. 23 2022
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Tab. 2 Configuration information of CGN
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Fig. 15 Topology of CGN
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Tab. 3 Boundary conditions for CGN pipeline network simulation computations

AERH PS5 kJi(Pa) REE) T (Kg/s) ARA 5 k(P RIEEK) i (Kg/s)

1 283985 296.14 0.506271
2 282755 306.1 0.54752 4 101325 300 0.000197
3 101325 300 0 5 393485 300 0.001486
4 397680 297.07 2.027544

SR 5 403135 289.32 2.448321 28 33 101325 300 0.000186

(I"73) 6 283385 300 0.243765 A 34 101325 300 0.000339
7 101325 300 0.215471
8 101325 300 0 232 101325 300 0.000202
9 168375 294.68 0.621508 233 101325 300 0.000134
10 101325 300 0
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B AT S R b, 2% el A0 B AL (KK 0 SR AT
F BB B9 DCU FR AT, I A I (101 96 45
WSR2, 2 BEAE RUE B SIchR e JE T S AE A, R
H S RBEAT TR AL B . 5 FOTHSR I S5 R B T A
PRIK ) TOURES, g TE FNERMF NS . MERE,

CLREIE (0 IS /) oy A A A 4 o 3R 4 B8 B LA 0
PN i R IS gl R R TR SRS R TR S
W R AR A L AE O O SR, e AT T s A R 2 i)
B, o =l A 3 AN g 1, R O IR S AL A
i AR A 2.

#*4 CONEWEELIM A 5E R
Tab. 4 Simulation results of pipelines for CGN

K e Portl Port2
HATER T N - § e =
B JEJ3(KPa) REK) Ui (ms) JE3(KPa) REK) WLt (m¥s)
1 166.82 290 0.0004 166.82 290 0.0004
2 166.82 290 0.0199 166.82 290 0.0199
21 282.88 290 0.0262 282.88 290 0.0262
e 22 166.97 290 0.0512 166.97 290 0.0512
755 283.00 290 0.0698 283.00 290 0.0698
756 282.88 290 0.0129 282.87 290 0.0129
*5 CONEMAEAIMIT AT HER
Tab.5 Simulation results of non-pipelines for CGN
. o Portl Port2 Port3 Port4
Y 5 ‘ o : — : — : o
JE71(KPa) R EE(K) ik (m*/s) JEF1(KPa) iRAZ(K) ¥ifi(mYs) E73(KPa) HREE(K) Hif(m/s) 5/ (KPa) HREE(K) i (m*/s)
1 282.89 290 0.0000 282.89 290 0.0005 282.89 290 0.0002 282.89 290 -0.0007
U3 282.96 290 0.0741 282.96 290 -0.0680  282.96 290 -0.0409 282.96 290 0.0347
6 282.93 290 -0.0161 282.93 290 0.0011 282.93 290 -0.0140 282.93 290 0.0290
1 166.82 290 0.0005 166.82 290 0.0000 166.82 290 -0.0004 - -
=S| 2985  400.08 290 1.5704 400.08 290 0.2483 400.08 290 -1.8188 - -
2986  399.23 290 -0.0168 399.23 290 0.0139 399.23 290 0.0024 - -
3 282.80 290 0.0001 282.80 290 -0.0001 - - - - -
4 282.88 290 -0.0005 282.88 290 0.0005 - - - - -
—il
1578 283.03 290 -0.0791 283.03 290 0.0791 - - - - -
1579 396.66 290 -0.4889 396.66 290 0.4889 - - - - -
1 396.36 290 0.4634 283.14 290 0.4634 - - - - -
i s 1
4 399.00 290 0.8122 283.34 290 0.8122 - - - - -

R A e B T LLAE A AT AL R AT RO,
Bl 16 N M AT A T IRRAS R S . WA S
2B A O X 2% Ja T e L X s 0 B v T AR X
ks[RI, BT R % A A U X3, IS T BB ) -

6 ZRiE

ASCEE I T REP AL 25, SR T —Rh AT 38 H 7
FH SRR R rpoR SR LA T SR R AT SR
g9fb 1 PALEE 07 Bt FO AR OB, JRSE A “El”
P HENT 6, WP LA IR, 2@ 7E M

HAGERMERETH T & LRIsF LR

SRMREIREACE M AR “ B B R B SRR
FTDAIERA,  SCAP B H T SRR A 017 0P AU H AT
SRV L, DYREIRE O AR B AR BUE T4
fitt, Y A BEPR O AL IR 1 e ar s TR BT U
TR .

JRAE SC AP RE VRS C B 0 5 H B 07 LR RN 1 5TV
HA B AT DU 2 BRI AT ML SR BB R R LI M 2% T H TR,
(BN T 7800 A w R BT SN0 B ST TR 1AL E3TT
AP ACAR R T S5 28 7 TR AT — 3 IO T 25 1]
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Fig. 16 Simulation pressure distribution of CGN
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