20254 7 A
a6l 4 M)

Journal of Zhengzhou University ( Engineering Science )

XEHS1671-6833(2025)04-0137-08
SRAR[ENRFANEXRGZERERZRENLTEE

Faf, KR, B, FEL, XNAE
(L BEREAT A AU B2 B DI A 6105002, th 73 4S8 A BRLZA AL 424 1, 4L 100000)

W EATAHAZARARRAEH ARSI R PG ENR, LB T—FEATHEARAEI R bt A 054
BRRRAATE, BAFERRAERNRBELA LS HARHANABX, ZLTERARAEARA A G &-H-A-
ASRBRAGHER AR ZITALZAIBFARAR AR DA BRI RGZFHRACHELR 650 b R A
WA RAF R EBHERAT &G, AT MATLAB -F & 88 CPLEX KM% xtZ RS FHFERBERER R F L

M K 2 (T %) Jul. 2025
Vol. 46 No. 4

B, ZAEFTFILEARMEAHE  BIETHRERNZFREFRAB, 2REAA . 5RIARRALEN KA
AR PR AR T AR 74. 9% 0 RGBT A, A RIFH B2 IFKH
KXER . RARALEAR; BOMER AL, Ab, Hb;, 2F4%4; RAE

FESES . TMT734 MHEFRERG A

BEA XA AR A 3 A0 AR IR LA |
SRR ORI R, AR B R R 2 R
RE VR 2 8] A A £ e ) 52 B S o R Y KRR AR
g T RE R, 78 v 1 BE PR R b A L B
B RARAHY ] A A PR

B TE ) AL S KRR g e vh g ad 2k
e FEX D b B S AW FE A RAS
JEJ1hE, (HSehrtlim R g, R (BRI £
R 38 2o Y R AT A T JE VR R KR AU T e
Ayl A, 38 e 7R D RE A IR 28, RARE
RE A2 — b & (5, JC — YR BE 50T 6 1Y RE U, 08 S B
77 28 R AR A0 I BE 92 B IRT s R gk AT R
HLOD IR R A LR S RETR R G ( integrated energy
systems, IES) , 7] UL $% & RAR SR J1 68 09 A 30K,
B 2T R B AR 22 U8 sl R C A< B B 1R
AR AT, KAR T I RE L& I HI AT LAl 2545 BE IR
RGN — A EEREPORIE, HAE N —Fhax A RE N, Ak
S RE R

AT WESE 1 258 COX KRR AR I BERY [l
WORI FIEAT T 4307 Y W58 T KRR TS
BE ISR i 7 R S H R B2k, Li 0 5T 4

I 5 B #7:2025-03-17; 18T H #§ :2025-04-20

doi:10. 13705/j. issn. 1671-6833. 2025. 04. 021

PrEag , WAL T KRR SR I BE R R AT J1 . Bielka
A5O3 o 0 A N 3l 25 00 O 3O R AR AR g g [l
Wb AT T AL, S0 T R G2 B . Xu 557 R
T —RRARTE I BE IR & B R 48, IR S & CO,
W IR [l Wi v fiE , i o 0 B0 AT TR 4R R AR AT
TS, SR T KRR RER
FL 5 v TR A R 5, ORI T R PR ALAE . B
WA RN T A KRR ST RE R LY TES 8 A
B IFEIE T RARREFMER AR 0 T RGNS
Prrk, sk L T RIRE T REI K-
RN REHY 38 T RGN AT SR E M, K
LA A 2 B R AR SR T R R 4 Hh — i b
IR G855 Ay — P A 1 I R R T 3 e AR 40 0 T 5
IE T RGBT S AT T,

FRT R 2 802 3 B KRR T RE R HTE U
B PRE L B — i H C HIEK R
RAETIREL G AR LA BRI R G b (HIf R 28
BB IBE KRR TIRE A 5 8 A -8 25
A MR BERE L 23 B K R U T i e HL A5 7 94 T
A28 R G0 R R0, X B R, 454 K
SRR S REAE A HL 55 A v 1 5 i 1 R 3 4R i

EeT B . EXAARRFRERIITH (52407146) ; H 4L &R # R 4% B0 H (22XGLO19)

EZ B A LA (1977— ) , 55 1R 22 BH A, DY R A ol R 2 S04, 328 A 1 Hla 0 3 A 37 BB 9 & H R | Hla WL 98 o R g
AL LR A RE TR R A E WS, E-mail ; lhwmial@ 126. com,

SRR LA Ak, 4, %. S RAERATAE X 256 IR RG], FBINREHFM (T,
2025,46(4) :137-144. (L1 H W, CHEN W F, YANG Y, et al. Optimization and scheduling of integrated energy sys-

tem in a park with the use of natural gas pressure energy[ J]. Journal of Zhengzhou University ( Engineering Science) ,

2025,46(4) :137-144. )



138 LN s | S QU )

2025 4F

— R RAR TR TTRELE A U A - LR G
REUR AR G0 I BB RL O 45 & 3 Tl el IX 9 5 B %K
W, BB Z B A R 37 5 BEAT X Lo B SR BT 4R T 6
MBS AT AT
1 it RIENGEF AR IES 2244

T R AR AR Ty RE B BT R A A 54 RE TR AR
GLELTEHLAE URE IRRE RIS RE, R AL AR N AT 1 fr

N, o A dE K ALAL DB IR & LA CHP HLAL
R P2G BE A | HL IV B e BAAS ER BE AR LU

KSRV 45
LM L
EBRE 7 s

B -
mﬁﬁ' : e

y
. | A———q [mtle
R Rl SRR 1 T

! ‘ A4
(L |[ AL |
Xcneetre

.

B > — > ——>
AR AR R RRER
1 GERERGEME

Figure 1 Integrated energy system architecture diagram
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Figure 2 Natural gas pressure energy utilization

schematic diagram
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Figure 3 Solution process
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Figure 4 Each load, pressure energy power generation,

cold energy and photovoltaic output prediction curve
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Table 2 System device parameters

B 2R

Prr =20 kW, Pri, =100 kW, n, . =0.03,
CHP B .
Cewr =0.025 JG/kW, APL, = APYY, =20 kW
Py =0 kW, Pgy =50 kW, n,, =0.94,
AL B g .
C.p =0.025 JL/kW, AP = APpr =20 kW
Ppy. =0 kW, Py =100 kW, 7,,, =0.8,
P2G . .
Cpy; =0.035 JC/kW, APy = APpi =20 kW
Bl P =0 kW, P =100 kW, 7, =2.1,
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e BT =400 kWb, BT = W =50 kW,
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Figure 5 Optimization results of each load



142 IR PN s 3 - S QRIS )

2025 4F

091 —o— RH
—— il

FIHE/%

o
wn

04 —
S & P N D O DD DO

i)
B 6 RAKEHBERBFGESHF FHEMLZL

Figure 6 Utilization curve of natural gas pressure

energy for power generation and refrigeration
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Optimization and Scheduling of Integrated Energy System in a Park with the

Use of Natural Gas Pressure Energy

LI Hongwei', CHEN Weifa', YANG Yang®, WAN Chongshan', LIU Lingyuan'

(1. School of Electrical Engineering and Information, Southwest Petroleum University, Chengdu 610500, China; 2. PetroChina Kunlun
Gas Co. , Lid. Beijing Branch, Beijing 100000, China)

Abstract; In order to make effective use of the pressure energy in the transmission and regulation process of natural
gas networks, a integrated energy system scheme involving the comprehensive use of power generation and cold en-
ergy of the natural gas pressure was proposed. Firstly, considering that natural gas pressure energy could be used
with power generation and refrigeration, a model of electricity-heat-gas-cold integrated energy system containing
natural gas pressure energy was established. Secondly, an economic optimization scheduling model with the mini-
mum daily operating cost as the objective function was proposed including the cost of power purchase, gas purchase
and equipment operation and maintenance, etc. Finally, the mixed-integer nonlinear optimization model was solved
based on MATLAB platform combined with CPLEX solver. The economy and effectiveness of the proposed model
were verified with the operation data of a real industrial park. The results showed that the operating cost of the sys-
tem could be reduced by 74. 9% compared with no natural gas pressure energy utilization, and the system could ob-
tain a good economic benefit.

Keywords: natural gas pressure energy; integrated energy systems; power generation; refrigeration; economic opti-

mization; coordinated scheduling

(5 106 T1)
Experimental on Thermal Insulation Capacity of Polymers in Roadbed of

Deep Soil-bearing Heavy Ice Layer

GUO Chengchao', DANG Peng2 , YIMING Mahemuti*, LIU Jiangang2 , WU Dong2 , WANG He’, CAO DingfengI

(1. School of Civil Engineering, Sun Yat-sen University, Zhuhai 519082, China; 2. Xinjiang Communications Construction Group

Co. , Ltd. , Urumqi 830016, China; 3. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract; The deep soil-bearing heavy ice layer is the extreme adverse geology, on which the construction of
roadbed will be exposed to serious frost heave, and thawing and settlement disease, threatening the safe operation of
vehicles. Polyurethane polymer (PU) material was investigated as a thermal insulation layer for roadbeds to pre-
vent freeze-thaw damage. The thermal insulation capability test of PU was conducted to analyze the effect of density
and number of freeze-thaw cycles on the thermal conductivity of PU. The model test of thermal insulation of heavy
ice layer frozen soil roadbed was carried out. The temperature distribution characteristics of ordinary roadbed, sin-
gle-layer PU board roadbed and double-layer PU board roadbed during freeze-thaw process were investigated and
the thermal insulation effect of PU board was described quantitatively. The results showed that the thermal conduc-
tivity of PU was positively correlated with its own density and the number of freeze-thaw cycles. The lower the den-
sity of PU, the more its thermal conductivity was affected by freeze-thaw cycles. The higher the density of PU, the
more its thermal insulation performance could remain stable in multiple freeze-thaw cycles. The heat flux of ordinary
roadbed was 1.7 times of single-layer PU board roadbed and double-layer PU board roadbed in the freezing process,
and 2.1 times of single-layer PU board roadbed and 2.8 times of double-layer PU board roadbed in the thawing
process. PU board had thermal insulation ability, which could lift the freezing depth of the roadbed and reduce frost
heave disease. The existence of PU could also prolong the freezing process of the roadbed and avoid thawing and set-
tlement disease. Double-layer PU board showed better thermal insulation effect than single-layer PU board.

Keywords: roads & highways; deep soil-bearing heavy ice layer; polyurethane polymer; thermal insulation struc-

ture; model test



