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Abstract

With the increasing demand for natural gas and the increasing complexity of pipeline networks,
efficiently optimizing the design and operation of natural gas pipeline networks has become an im-
portant research topic. This paper proposes a natural gas pipeline network optimization method
based on a mixed integer linear optimization algorithm. This method establishes a mathematical
model of the natural gas pipeline network and aims to maximize user satisfaction and minimize
pipeline energy consumption, thereby improving pipeline transmission efficiency and reducing en-
ergy consumption. Results show that the model can effectively improve pipeline network opera-
tional efficiency, reduce energy consumption, and exhibit strong adaptability.
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Figure 1. User satisfaction evaluation system and indicators
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Figure 2. Fitting results of turnover and unit consumption
2. BRESRFEMNESERTEE

2.3. HRFH
FARSE Wi B 4 O A AR o 75 S SR S B AR B IR R B T 2R DL )
KL . BT AR & TR R K
(1) EMRELH:
a AT AR EZ ST EIFMREZ Al
> % ()= > %, (1)=0 Vi jeV (6)

(i,j)eE (iheE
A, x () Fom t 2, 5 1T RIS AR, 10 Nm¥day; (i, §) A1 (J,1) 20 BRI AT BT R
j TRV AE BT 5§ B9 5 | 2 (AT
b. XA EHERRALIK, FoREETRZH —MEERA .
y; () +y; ()<L v(i,j)eE, @
y; (1) e{0,1} v(i,j)eE, (8)
X, B, R RFEERSES, y, (t) A i 200 E B 1 o R A AR & .
. R TEZANETHE TR AN TEZA,

it

DOI: 10.12677/m0s.2025.1411644 113 e RSE TR


https://doi.org/10.12677/mos.2025.1411644

Z X (t) = Z Xid (t) ©)]

jeS ieD
X, xg ()& tiz, 5§ AN TEA S R, 10 Nm¥/day .«
d. SRS HARENTRIFREN LR, AT RAMREDNTHFRANTRE, NP TMAEIER
MEBASHLEENE G 1, HREAGR NN, ERZARW TR,
X; (1) <y (G (1) V(i j)eE, (10)
x; (1)<C; (1) V(i,j)eE-E, (11)

A, C; (1) Bt REIE (), ) EHIRE T, 10° Nm¥/day, HONBEIHERE C M—A ok, BAbK<UERE
T~ iR AR R DU B BB 15— R I AR C xR
(2) EME LR
a. BRI LR
Pimin < B <P (12)

Aef, PO AN AIIE S, MPa, P FIR L AMEINE AN RUE R IR, MPa.
FHR 0, PR AL R 1L T b i A A (L2 I s Sy sk, 36 75 B S I
T 45
b. EAEHLYS L TR F1205K
P

¢ ,lower

P, upper IS T AN _E IS S R DT B3 0 BRI

<P ,<P,<P (13)

cj ,upper
ﬁt{j’ Pci,l‘ Pci,z‘ Pci,lower‘
PRI, MPa.

(3) KL%

(50 0) w25 0] e, @
P (1)- P} () = 5= (1) (1) € EE, (15)

Ref, p, ()R p, (t) 2585 CRZI% R | WA, MPa, A KBRS Z HRAAIE SR
KA FIUEHE T, A FROHAERE, T AR, K USSR KR, km, D A
HRR, m, oML MBS SEOMTIE, RS HA & B | 2 S S

TR UK D 20 AR L 203k, LT ARALPE A RTINS . LR O A SR A e PR A
AT LRI TRILRAR, 2K 2R B AL E[12] (14 3), AR F s

ST RSN IR, R R AR E R E AR 10 &,
Xy k=12, 10; FEHEA SUE A MEEE, 407 AR AE S prom=12,,7 .

SGIE—. (EGARRTEEN, FARA 5 B, S5 6 AR X1 =126,

SRR AR T S A R 10 x 6 x 7= 420 ALKIRE A p" . w AT 4Lk, m.

SBIEI: FE RIS, 6 x 7 AL AUE AL £ AR RV I R AR R, P X,
AR AR £ (x)= Axeb . A MEEERM, S0 (X)= p2-p?. x=x; . WA BB
RE LIRS, W FEPR. mFRBEQA TS, ER A R E P = p?, RREN
.

DOI: 10.12677/mo0s.2025.1411644 114 jé

m

S


https://doi.org/10.12677/mos.2025.1411644

% (Mpa?)

1 2 4 5 6 7 XS X9 XIO Xl 1

1 i 1 i 1 ij ij ij ij ij i
ME (JiJi/day)
Figure 3. Schematic diagram of piecewise linearization
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Figure 4. Pipeline network topology of the shenfu block
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Table 1. Output information of pipelines
=1 EEmhiER

(ERCE RS i TR i LR Pkl ] kEES
1#EE 140.8571 0 142.8571 0 98.60%
HE B 140.8571 0 142.8571 0 98.60%
SHEIE 244.2857 0 285.7143 0 85.50%
METE 244.2857 0 285.7143 0 85.50%
SHETE 5.7143 0 114.2857 0 5.00%
6#EIE 337.1429 0 371.4286 0 90.77%
THEIE 337.1429 0 371.4286 0 90.77%
BH#EIH 337.1429 0 371.4286 0 90.77%
B 337.1429 0 371.4286 0 90.77%
Table 2. Output information on the resource side
F2 BEMMEBER
okt A& HMinfe SMgTEISMfTRE /)
HHY 1R 140.8571 142.8571 98.60%
JFE 1S 103.4286 103.4286 100%
R R X A 98.5714 98.5714 100%
Table 3. Output information of nodes
=3 TRALER
WA J£71(MPa)
1419 s (P AN 7)) 5.9500
247 1 5.9267
3 R SME D) 5.9001
AT 5.8315
SHT RL(RURF P X SN s 7) 5.7700
BT sl (HF 23 43 Sl b ik s 7)) 5.7699
THYT R 5.5813
8 1 5.4317
T AL 5.2361
104717 L (T 7 X 38 i g s 77) 5.0763
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Table 4. Distribution station output information

F 4. oEuEMEESR

ok 5= R e
JRF A5 3 &/ 75 =R 5.7143 5.7143 100.00%
R RS X AM 5 R 337.1429 337.1429 100.00%
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Table 5. Output information of pipelines
5 EEWHESR

(ESE RS L) BN IR R vt vl UREES
IHETE 0.0000 0 142.8571 0 0.00%
HETE 0.0000 0 142.8571 0 0.00%
3HEIE 59.4286 0 285.7143 0 20.80%
AHEIE 59.4286 0 285.7143 0 20.80%
SHEE 60.5714 0 114.2857 0 53.00%
BHE TH 86.0000 0 371.4286 0 23.15%
THETE 86.0000 0 371.4286 0 23.15%
SHE 18 86.0000 0 371.4286 0 23.15%
HEIE 86.0000 0 371.4286 0 23.15%
Table 6. Output information on the resource side
6. BEMMEBER
Hat= 4 AN TS bh4ite 7 AMT RN T
FH LSS - - -
JFE 1S 59.4286 65.7143 90.43%
AT R [X B 87.1429 87.1429 100%
Table 7. Output information of nodes
F=7. TRRABER
R JE 71(MPa)
1419 s (P AN 7)) —
27T 8 —
3T (A M s ) 5.0600
A4 R 5.0549
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i3k
SHT RL(RURE P X SN s T) 5.0501
64717 RO 23 vtk i 77) 5.0386
THYT R 5.0363
8# 1 5.0257
O 1 5.0107
104717 L (4T g DX 38 i i g s 77) 5.0000

Table 8. Distribution station output information
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i SR HAE i R R P

H‘X
JRF A5 3 &/ 7 =R 60.5714 60.5714 100.00%
R RS X AM 5 R 86.0000 86.0000 100.00%
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