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Design of Internal Pressure Monitoring and Control Model for
LNG Storage Tanks

ZHANG Jin''?, ZHANG Tianmin!
(1. Caofeidian Suntien Liquefied Natural Gas Co. , Ltd., Tangshan 063200, China;
2. School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: To address the issues of delayed pressure monitoring and insufficient control accuracy in liquefied natural gas
(LNG) storage tanks, based on the multiphase flow model with the volume of fluid (VOF), research on multiple monito-
ring and control method is conducted. By integrating the gas-liquid interface tracking mechanism, the rolling optimization
strategy of model predictive control (MPC), and the disturbance compensation capability of deep deterministic policy gradi-
ent (DDPG), an integrated “monitoring-optimization-compensation” control architecture is constructed. A multi-scale fu-
sion method for the VOF and wavelet threshold denoising algorithm as well as wavelet packet energy (VOF-WTD-WPE) is
adopted to achieve the collaborative perception of the mechanism model and real-time monitoring data, which is combined
with the MPC-DDPG cooperative optimization framework, effectively handling multiple constraints and nonlinear disturb-
ances. Experimental results show that the mean pressure monitoring error of the model is reduced by 85.2%, the steady-
state fluctuation range by 53. 3%, the anomaly detection sensitivity increases to 98. 2% , and the false alarm rate reduces to
1.5%. Additionally, the specific energy consumption of the system is reduced by 30. 4%, The results demonstrate that the
proposed model significantly enhances the real-time performance and control accuracy of pressure monitoring, providing an
effective support for the intelligent and safe operation of LNG storage and transportation systems.
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B RSk B vE e . FE D7 EA LS g b, BRSSO
COMSOL Multiphysics 481 LNG fif 5 N 35 A7 Wi il 5
P FT A, Wk ANSYS Fl MATLAB 3 52 Bt
VOF #i81 Je WTD 85503, SCon B an &l 6 i
WAk WFFE AT 56 [ 1 AR S BRI 5T B fk 2 T
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101. 325~2026. 5 kPa Z [i] . 55 47 4 VT fic. LNG fi# i
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ative controD) . i F BEML fb — BIMI ¥ Hl (PF, particle
swarm optimization-fuzzy control) . i i {J;{k & :-MPC
(WM, Whale Optimization Algorithm-MPC) M & &
VOF /1, 55 a (Model) #A7X5 . WFA
TSGR AR T R RO L BRGR . B R
T HRiEZ (RMSE, root mean square error) M Jk J7iB
B RE . ok VP b BT Y 5 R R 7 R D ok AR R Ik 1
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F1 SR R MR X

R % | s % R’ﬁfﬁfi; ’;ﬁ?
PID 82.30 8.70 0.412 87.50
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WM 91.50 5.20 0.291 92. 80
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98.2% . RIM MR 1.5% . & PID, PF 4§ )5 kiR
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TG N e 1. fE R W2 . £ 24 R ik R B
(MPC) ARkt b2t (DDPG) B[] T/E. fii &
J1 R RMSE AR 0. 129 kPa, ¥5HEE5 97.6% ., 8 WM
WRZEREAR 55. 7%, Bo i T IR A 5 il 0K uE 1 43 TR
MPC {42 4 1 B F W ZL ikt k. DDPG gl 25 #b £ 3E
M. X AL VOF BERL, AF 5% 48 1 A0 8 i 2244
PE 3B BN B R 16.3%, GiFE ST T M HLE W
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THIRELR (W E gk AR SRR RD B AR /kPa |#iBl/%| /kg) |(kgem
o 7 B B AR 2 L B R 0 2 LA B T T 3 A s )
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F2 ST FE S P B 5 R Y 5 0 5 E EEE 0.5 0.09 | +1.5 | 0.284 | 4.10
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’ = 4Z. . == 1. . 1o R . .
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RS FRIZL, 518 K3 shii Y K MEeFe LT,
R F o F 252 W BHE LA i AT SR, 2 ILHC 0.5 B S
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W AEFE T AR S R M R E (JR IS (38 D) AR 14 fig
#. T TEH#E (Q=0.5, R=0.01) 5f{5F (Q=2.0,
R=1.0) HYHLHE 3 Be 8 xR ix — P4 .

b E— 2 U BT K i A (G, =— (0.8 »
€)= 0.2 |u | +r) A REMSG B, BT
TR [r, =— (0.8« ) — (0.2 + [, | *)7] etk 42 ol
[, =—(1.0ee)—(0.05 |, | J. &R [ r, =
— 0.6+ ¢)— (0.3 Ju | — 0.1+ | e T Fgktr
W2 [r,=—0(0.8« |e|)—C0.2« |u |")+r 1 HE.
EAX ISR FREPZESR, REIELX DDPG %
REMRPERERY LI, S5 IR NR 4 Bk,
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5 i A l‘lﬂzﬁiﬁﬁ\% Eﬁ}’%?ﬁﬂ 1%75 fi’J%Mt
. I i MR | SR E
/X10° /% /% a—1k)
R % 185 97.6 1.2 0.15
To % 430 172 95.1 5.8 0.14
A 210 96. 8 3.5 0.28
BRI 255 97.1 1.5 0.18
iR 2 195 96. 3 1.8 0.17

Fear, BRI R AMCSIGHE BE R (185X 10°), fi
LAY RN fm (97.6%), I HEHR TLL2RRI r, 1Y
Yy, TSI RN (12%), (R AR AR R B2 B 1R
WE B d5c R 2R A (0. 15) A7 R0k G T PAT AL AL 1) A 25 s
. LRI S BWCSRI P, (R80T S 0
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58 22 Lol R, S5 nE 7 piR
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23h, B CPU M| %3k 8 e K (25.9%), {HALH
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