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Abstract

The widely used supercritical liquefied natural gas (LNG) heat exchanger is composed of many
micro channels. The micro channels of different structures and sizes have important influence on
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the heat transfer performance of supercritical LNG flow. Through coupling the thermo-physical
property model, turbulence model and heat transfer model of supercritical LNG, the numerical
method in predicting flow and heat transfer of supercritical LNG flow in micro channels was estab-
lished. The straight channel, S channel and Z channel were established respectively, and the flow
characteristics and heat transfer performance of different flow channel forms at different tem-
perature and flow rate were discussed. The results show that, under the same inlet flow and pres-
sure conditions, the pressure drop of the micro channel decreases, the heat transfer coefficient
increases and the heat transfer performance improves with the increase of the flow section size
and pressure. Under the same pressure, with the increase of the supercritical LNG flow in the flow
channel, the pressure drop of the micro channel increases, and the heat transfer coefficient in-
creases. The heat transfer performance is improved, but the fluidity is reduced. Compared with
the straight channel and the Z channel, the S-type micro channel has smaller pressure drop and
larger heat transfer coefficient, and so has better flow and heat transfer characteristics.

Keywords

Supercritical Liquefied Natural Gas, Micro Channels, Turbulence Model, Heat Transfer Performance

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

RIRSNE— PR IR BRI, PR A A5 2Ok 2 AL . RIR OB F 2 e 5 24T i
iz, FE B LNG AT AR A A [1]. H AT LNG B2t 2 Z AR B A PR A4S
i AT AYTR R 2]

FeAfitE EARAT AN TR B AR € B (A, RIS I ESRHT 2. H AT 2N A 5 LNG
AR A B VE 2 AN RCE R . L SRS R R LNG MMERKIZER A LNG B Al (B8R, o
A KEHAIRE, B, 1RGSR, RIS LER[B]. AR, Eilk
FERRARTLIE P AT A5 e R v I B 0 T R 254 1 R ah S A BE[4], HRUERUMEIIRIN &
RPN B BEATBLAT[5] o SEEFAMEL, IR B SR RN 3 B BRI RA R By
Pk, FERRERIATE P9 ATsl = A 0 B BEL 0 B e AR L PR, R S 3 s 5 e R RE[6] - 7ESK
PRI, LNG Stk Bl /AL, POARREIG A, Hafiuhi A s e &R [7]. HaTEp
S RHEIR F LNG FERRGHIEE P BxH AT AR ERT T (8], AHSCSCHRERH, Uil =s il Ay LR, =4
il F LNG H R EAE FEIBE 2 0. TR I 5 LNG 725 £ 52 15° FTAARiATiE Py B B i sh et
REPE[9]. PRIL, I OB E TR AMIAIE 25 K SRR e A RE R FEAIR B, AR AR X e v B T ) 2
BT 112 —[10], ASFRIZEFIATRUEE AR TE s 5 LNG Jia e ik BE RO RZ M 7t B B TR R 3

2. HRMNRKIDFFH
21 MRMR
HHUEAEIRG S LNG ANEEy 2, h TS hidnEE R B, 3T RGN
AT REXE ST, 25 18 B et a2 AN 20 AT RO AREIEZE K, A5 vh EURANEIE N R TS H0 T
AT R BN I TE AT Y 2.0 mm x 1.75 mm B, JETEARIE 20 o AR AN X O I 5 LNG

ik

DOI: 10.12677/ijfd.2020.83005 40 RESTINES


https://doi.org/10.12677/ijfd.2020.83005
http://creativecommons.org/licenses/by/4.0/

PN

PRI, AN AR . IE XS4 0.75 mm R . B IE GG S LNG g i s B e
MIEK Y 398 mm, S AUAI Z A GEVEEE K E T 950 20 AW, A K E N 19.5 mm, AN
HREBIE RN 23.5 mm, Z BYRIE S M0 300, S BMLE ML N = MEE, IRES Z AUREAE .
ARG LNG tan@iE JiiiE . S BRIEA Z RRE AR AN ] 1 R

4

(a) HIRE (b) S A4IE (c) Z 4iE

Figure 1. The calculation model of supercritical LNG micro channel with different structures
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Figure 2. Coarse grid, normal grid, and fine grid at a flow section
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Figure 3. The flow rate, pressure difference and temperature distribution of supercritical LNG varies with channel length
calculated with different grids
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Figure 4. The flow rate, pressure difference and temperature distribution of supercritical LNG varies with channel length calcu-
lated with different turbulence models
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Figure 5. The velocity contour of the cross section of the straight channel under the condition of different radius
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Figure 6. The flow rate and pressure difference of the channel varies with channel length under different radius conditions
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Figure 7. Temperature contour of straight channel cross section under different channel radii
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Figure 8. The temperature of supercritical LNG varies with the channel length at
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Figure 9. Velocity contour of straight channel cross section under different pressure conditions
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Figure 10. The flow rate and differential pressure of the channel varies with channel length under different pressure conditions
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Figure 11. Velocity contour of the straight channel cross section under different flow conditions
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Figure 12. The flow rate and pressure difference of supercritical LNG vary with the channel length under different flow
conditions
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Figure 13. Temperature contours of straight channel cross section under different pressures
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Figure 14. The temperature of the channel varies with channel
length under different pressures
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Figure 15. Temperature contours of the straight channel cross section at different flow rates
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Figure 16. The temperature of supercritical LNG varies with
the channel length at different flow rates

E 16. FRIRETBIGR LNG BEEMBEKETL

Table 1. Flow channel pressure drop and heat transfer coefficient of flow passage under different micro channel radii

F# 1 TRMMERIEFE TREEREMRARY
A HFEE(meh) J71(MPa) TiiE42(mm) [ f#(Pa) B FH h (WK™
3 14 0.65 2179.6 2794.2
3 14 0.75 1269.2 2677.0
3 14 0.85 767.0 3184.0

Table 2. Flow channel pressure drop and heat transfer coefficient under different pressure conditions

2. FRENFH T REEMFEFRAZRY
PNEF R (ND) JE71(MPa) WIE A2 (mm) JE % (Pa) B FH h (WK™
3 8 0.75 3993.8 2150.8
3 14 0.75 1269.2 2677.0
3 20 0.75 80.5 2994.5

Table 3. Flow channel pressure drop and heat transfer coefficient under different flow conditions

3. FRIREFH TREEMEFRAZRY
A it (mh) JE /1(MPa) TIEAR(mm) JE B (Pa) HARHh (Wmk™)
1 14 0.75 144.7 1736.1
2 14 0.75 564.9 2177.8
3 14 0.75 1269.2 2677.0

HIRFIAL, £ 14 MPa JE 2614 T, B UE PRI 7+ LNG JE RO R, PRAmETE PR N, ek
REUHEKR, BA — 2R meH g i A .

6. MAmiEE/LITEH I
AT HEE LT SR R, R0 BUHOR T Bt TR AN 7 TLAT 4544 (6 SRS 07 1 e K 35
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Figure 17. The velocity distribution of micro channels in different structural forms
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Figure 18. The flow rate and pressure difference of supercritical LNG in micro channels with different structural forms
change with the channel length
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Figure 19. Temperature contours of cross sections of different flow patterns
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Figure 20. The temperature of supercritical LNG varies with
the channel length under different structural forms
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Table 4. Flow channel pressure drop and heat transfer coefficient in different micro channel structures
= 4. FNEIRMBESHEN TREEEMRA R

TEIE A A H & (m3h) & /1(MPa) % F#(Pa) P AR5 h (Wm k)
BRIE 3 14 1269.2 2677.0
S BljiiE 3 14 1197.1 3475.7
Z RIRiE 3 14 1768.9 2695.2
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