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Dynamic equivalent modelling of complex topological heating pipeline
based on finite difference domain-hybrid semi-mechanism method
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Abstract: More and more attention to district electric-heat combined supply system including cogeneration unit is paid.
For its optimal operation, dynamic modelling of heating network is an important basis. According to heat transport prin-
ciple of heating pipeline and its operation data, a finite difference domain-hybrid semi-mechanism (FDD-HSM) dynamic
modelling method was proposed in this paper. Firstly, simplify a section of heating pipeline with complex topology into a
section of single-diameter and straight pipeline with simple topology while yielding the low-order equivalent mechanism
model structure. Secondly, considering input-output delay orders of low-order mechanism model, finite difference regres-
sion vector is defined and the concept of finite difference space is presented. Adopting high-dimensional clustering and
hyperplane estimation, compact convex partition of finite difference space is achieved and several finite difference working
domains are obtained. Then, the HSM modelling method is proposed, in each working domain, identifying mechanism
model parameters and adding a dynamic compensation term of modelling deviation via the long short-term neural network
(LSTM) to realize arbitrary accuracy approximation. Finally, utilize measured operation data of the heating pipeline in
a district heating network to validate effectiveness and accuracy of the proposed method. The obtained linear low-order
mechanism models in the multiple working domains could be widely applied to fast simulation, numerical optimization
and control design of district heating network.
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Fig. 1 Schematic diagram for a section of heating pipeline
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0.8414 X arx (k) + Uarx (k)
[0.0629 0.1516 7.4110]",
0.8804 X arx (k) + Uarx (k)
[0.1013 0.0303 0.7715]7,

[8237.1 — 60.1165 4424.1]zh, (k) > 1109800, (22)

Hrp: Xarx(k+1) = Tow(k +1); Uarx (k) = [Tin(k)
Tum(k) c(k)], c(k) NEEFHL.
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Fig. 8 Performance comparison between low-order mech-
anism model and FDD-ARX model on single work-

ing domain
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Fig. 9 Local geographic information map of heating network

T AR SRR BE AN AR 1, AT AL
M RE TR AR AR T, RS TR A B 45 7. FDD - LSTMAH
22 L AT SR RO AN A0 S AR, TR
TAE357020 5k, 2% )RR R A

A1 B IAERT SR A M AR
Table 1 Performance indexes of models on single
working domain

Y RMSE MAE MAPE
FDD-HSM 04741 0.3572 0.5354
FDD-ARX  0.4466 0.3784 0.5666
FDD-LSTM  1.2982 1.1402 1.7246
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Fig. 10 Performance comparison of different modeling
methods on multiple working domains
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Table 2 Performance indexes of models on multi-
ple working domains

Rt RMSE MAE MAPE
FDD-HSM  0.5324 0.3855 0.5033
FDD-ARX  0.4485 03110 0.4080
FDD-LSTM  0.4404 0.2975 0.3919

T HEAFPERE T EATLINR — & i 8] B Y AN ]
W 22 TAESE )3 56U I PO T SR, THEE LRI N
AMD Ryzen 7 4800U (1.80 GHz 16.0 GB)#llIntel (R)
Core (TM) i7-8700 K CPU (3.70 GHz 16.0 GB). %3
Fi7s.

2l HEIE, R T BT iR At HVE IEFDD-
HSM B 7 5 A] & BE T AR A e S ARG 2, A
B2 R ARG TO0 T sk BOE I M Re A R 4 i ]
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Table 3 Calculation speed on different computers

1A TEHLL T2
FDD-HSM  0.0176s  0.0165s
FDD-ARX ~ 0.0260s 0.0190's
FDD-LSTM  0.7812s  0.5775s
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