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Abstract

Based on computational fluid dynamics, this study conducted a numerical simulation of the heating
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process of LNG vaporizer drainage using free-falling river water. The influence of different water
flow direction angles on the heating performance under varying inlet flow velocities was investi-
gated. The maximum velocity when the water flow contacts the channel bottom decreases as the
inlet flow direction angle increases. The outlet temperature increases with the increase of the flow
direction angle when the angle is between 0° and 60°. However, when the angle exceeds 60°, the
outlet temperature decreases as the angle further increases. Furthermore, a machine learning-
based prediction model was developed to establish the relationship between the inlet flow direc-
tion angle, flow velocity, and outlet temperature. Using the gradient descent algorithm with the ob-
jective of maximizing the outlet water temperature, the optimal inlet flow direction angle was de-
termined to be 59.798° at an inlet flow velocity of 3 m/s. At this angle, the outlet water temperature
reaches 280.5 K, representing an increase of 3 K compared to the case with a 0° inlet flow direction
angle.
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1. 5|8

TL7KYR LNG A% B G BC P 2 Wt 5 M AT s RERAZ O i, DITLZKOR RARIIR, i Id 452
e B AEARIR LNG SO HEIRRIR T, SR K B SEIUK SR R M A, BEARRERE 5 RAS . 72 H ik
K, ERK TR AR IR B B BRI B R, AURER B REAE T, T A A S AR A S R
TIKIR[1]-[4]. B HEBZKATATLKIR LNG U B H K THR SR S Rl AT 705 30,

FTIRGAE[SIRIT 7 AR W BESSCRRE HE TR DRI B e B ACK R, R LRI By SRt 3K
AIKER S E e S KR 0 BB SR B A G, HAZ K SEma ) L KBS IR BERA 5%, kR0
PR T T R T AT RERCRAR M IR, S 1 ST OK BN REME S . B T A Rz il K, (R
IR R ST O R [ A BRI BETR A “ FOK L Sl b b o, DR AR of il DU o B 850
SE[7150 B K EKARE . Rk AR AT 7T =7 T R 7T, IR FH BR VORI Sl A KiR 2
BE AT DS 1 0 2 B R

BT R D) BB B AT RS B Sk B RO R b S M BRI AR A, BB I B B
IKARKFIRVE R ZE T B . FR 81K VOF &5 = 4K 8 71 A8 SR A 1.74 BSRIR I IR H
R I BB T . R BB K IS 77 X5 B R VIR A O AR [R] — X3, wig Ab oKk di X, e AT
P X R FREF[O1RA] VOF i545 G k-e XU R /INAU R B BROKTT e T 4R8BS T 2
KK AN, FEX B, R 5 AR HER, SRR =FREL T AHEZTEH . Afrin ZF[10]
BRSO R B RS T B B BB IT 7B R T, RIS s R 00 BRIOKIR 5 e 5K
RICAE Y 0.75, HPARALAS T BRAR T JC 520 15 70 70 A AU — 25, Bt 5 SO B 2 6 R 4F .

Irzooki %[ 11715R HI N A28 00 28 4% 5 4 [ 2 v 1) kK R /R AL B AT PROBE R S i PR 3R, Y Tl
I Z5 IR 5 S 25 R B AT, I /RS Bk /K A& B B 0 1 EEIA 85.8%, JERIEMA 15 LAY 1.1%.
Raikar 5[ 1238 i #4120 /0 4 1 37 AR i K PR i K IR IO SR B R BLAE SRS T i FKIR 5 IRIE HAR B
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2.2. HlEFFIJER

AR FH AR N 8 A HE T B R KA B H 1 AR 0 TR0 X 26, A IR A 0 X 248 2 B kAl
AP N AR 2 — o HAZLFRe R 2 AH AR Z A 2 T 2 (M ) SE P IERE, B — 2 & ok
2 E— R pra M T RN, TR B SR LSS TN BT AT, v S B R BE L
R oy R B R 22 BRIHERNZ A RE T, AR SCR A XS UE T S GE R R ZR 5K, 2 H )
RN ARG VPR . EEATE RPN S B EGARNETT, SRPIANREIE, 205l A H KR TT
A STE, BEAENAEGEZ, RN AR TS, A RKI R R TR 15] [16].

3. {RBILHE S AL L6 HIE
3.1. $=BIE

R T BIE 171 s T K b b U S H0 AT 1 BUE AL, K E RO AME A 8.77 mys,
5z ek i SR 8.87 m/s mEMIA, AR ZER/N1.1%), AR T AR SCHTR 1 VOF BiAHT
BT 5 RNG k-¢ TR 2 0 v e 12 o
3.2. JL{EE

ARSI 1 Fs . RIEATIKYR LNG S #sHEK, ANF/KERN 279 K. BRIE T ab o 4
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Figure 1. Geometric model for the numerical simulation of “water-air” heat exchange during free-falling water drainage in an

LNG vaporizer
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Figure 2. Outlet water temperature across different grid numbers
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Figure 3. Internal channel temperature and velocity fields for different water flow angles: (a) 0°; (b) 45°; (c) 80°
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Figure 4. Effect of different water flow angles on outlet water temperature
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Figure 5. Effect of inlet flow velocity on outlet water temperature
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Figure 6. Accuracy validation for outlet water temperature prediction network
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Figure 7. Temperature field and velocity field under optimal operating conditions
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