=
—

O
O Ori

MO

inal Paper

t.Q

LNG 2t PCHE

BRI MPE

SHwsEt7| Lf A

DOI: https://doi.org/10.5293/kfma.2023.26.1.023
ISSN' (Print): 2287-9706

Hetol cHet +~XI3HA]

Numerical Analysis of Phase—Change in
PCHE(Printed Circuit Heat Exchanger) for LNG Carrier

Won-Seok Ryoo*, Myeong—Jin Seo®, Jong—Keun Yu**!, Jae—Ho Jeong"'

Key Words : PCHE(Q/3)] 32 Fw87)); CFD(HFA84);

LNG( 98} H 7}, ICE Accretion(d )

ABSTRACT

In this study, we studied the ice accretion that occurs in the next-generation heat exchanger, the PCHE(Printed Circuit Heat

Exchanger) channel. PCHE heat exchanger is called the next-generation heat exchanger, and it has the advantage of being able

to reduce the heat exchange efficiency by less than 1/10 compared to the existing heat transfer tube type method along with

high heat exchange efficiency of more than 90%. Three CFD(Computational Fluid Dynamics) analysis were conducted prior to

modeling and analysing PCHE heat exchanger through Ansys Fluent and Fensap-Ice. Through the established interpretation

methodology, simulated heat exchange and phase changes caused by temperature differences between fluids through Hot Water
and LNG(Liquified Natural Gas) flowing into the PCHE channel. First, setting the temperature of Hot Water to 10°C to 80°C,

and identified the heat exchange according to each temperature through CFD simulation. Next setting the temperature of Hot

Water to 10C, 50°C and 90°C and identified the ice accretion in the channel according to each temperature through CFD

simulation.
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Table 1 Setting of CFD Boundary Conditions and Reference Properties about R—134a

=
oS

=2

fol

o
T

AlEdo] 8] HY aprg ol A
U Evaporation—Condensation
23tk E3F The Implicit SchemeS ARE3I=1,

A3 B olE 93| Fluent
Ao A Lee Model2

o=

A AeelA] ARE HEHE ol Auigrol 7] §%
2719 G WA YT BRA KY BAVE s B9

AGETE A OelA] 13 v 22t B fAl) Ayt 7]
XS =51, V& volume of cell, pe= WEE Esit) 4]
(2)% ololl WA VOF Modelo]l gt 2ol 4] (2)0)4]
o) = face value of the ¢" volume fraction 523819 Uy

= volume flux through the face, p2} q= 212 & HA)
At T A S St ©

nfolag Qg shekitol A HAYEl= Heat Flux®| ke
2 R-134a Yuje] AH3r} wAStal, Lee Modelo] 28l
A3 2= BEo| JAEL Fig. 282 £ &eld 4 9)
o} 10 Fig 29] 9% e 7| & AYS 53k AhHs) At
ofu, ofehE 1Y B Q10| CFD 14 Asolch, At
% WAt HES FHIZE 71 A™olA siAlE We &
ARRRE Holm 7]E sfAlof gt FZo] H

v Adiabatic Wall w

Inflo — Outflo
w w

Lc =609.6 mm
Gravity Ly=1mm
ts =05 mm

Fig. 1 Schematic diagram of a micro channel

Heated Wall
(Copper)

Flow ==l
e P R— ) o.,m_.

=
Flow Inlet —
=

—

JE—

—
Flow Inlet — Qutlet —
— =

Fig. 2 R—134a CFD result

R134a - Liquid :

R134a — Vapor :

(1)

Parameter [unit] Value Value Value
Material R-134a (Liquid) R-134a (Vapor) Copper (Solid)

Density [kg/m’] 1201 33.75 8978

C, kgK] 1430 1041 381

Thermal Conductivity [W/m'K] 0.08 0.01 387.6
Viscosity [kg/m-s] 2.01x10* 1.16x10° -
Molecular weight [kg/kmol] 102.03 102.03 -
Standard State Enthalpy [J/kg:mol] 1.47x10™ 4.40x10™" -
Reference Temperature [K] 298.15 298.15 -
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Fig. 3 LNG vaporization simulation and CFD results

@D T 2 ¥

il

Methane - Liquid :
Methane - Vapor :

Inflow

R =25m
R, =115m
Ry=115m
L =15m

Ly =15m

Fig. 4 Fensap Simulation Analysis Pipe Schematic

Flow Inlet

/g

A= AA, HA - A oz st Alado] S X35t
At} Fig. 4= Reynolds Numbero] w2} E2}A]= glo]
Yol Ao 2 qw— wolsl] 918) At 339 Tpolx .
=) glo] iz = 1 .__ /\4 S
Hdolet, wpo]zo] HolF 16m, A& 1.5m= A 7, Fig. 5 Fensap—Ice simulation results
uo]zo] o FEd2 7HE 25m, *ﬂi 11.5m, 3°] 11.5 (Reynolds Number: 32x10*)
Table 2 Setting of CFD Boundary Conditions and Reference Properties about LNG (Methane)™?
Parameter [unit] Value Value Value
Material Methane (Liquid) Methane (Vapor) Copper (Solid)
Density [kg/m’] 416.07 0.67 8978
C, [Jke - K] Piecewise-polynomial Piecewise-polynomial 381
Thermal Conductivity [W/m'K] 0.18 0.03 387.6
Viscosity [kg/m - s] 1.12x10°* 1.09x10” -
Molecular weight [kg/kmol] 16.04 16.04 -
Standard State Enthalpy [J/kg * mol] -0.39 -7.49%107 -
Reference Temperature [K] 110 298.15 -
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