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Numerical study on natural convection heat transfer inside rectangular enclosures

in the insulation of a membrane-type LNG cargo containment system
Byung Chul Choi "
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Abstract: To understand the icing phenomenon that may occur in the outer wall of a membrane-type LNG cargo containment
system, the correlation between the natural convection heat transfer and relative humidity inside rectangular enclosures in the
insulation was investigated by conducting a large eddy simulation. In simplified models with isothermal and adiabatic boundary
conditions, the convective heat transfer coefficient was elevated to more than 2.5 times that of the initially stationary gas when
the quasi-steady state was reached. Based on the results of a regression analysis of convective heat transfer characteristics, the
natural convection owing to the given temperature difference prevailed in the vicinity of the isothermal wall surface. However,
the forced convection as a function of the magnitude of flow velocity was dominant near the insulating wall surface. The re-
sults revealed that the tendency of the gas temperature to fall below the dew point temperature was preferentially generated in
the region where the convective heat transfer coefficient and heat flux were relatively low near the LNG-side wall surface de-
pending on the thermal and fluid flows as derived from the natural convection.

Keywords: Natural convection, Heat transfer coefficient, Large eddy simulation, Rectangular enclosures, Membrane type LNG

cargo containment system
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Figure 1: Schematic diagram of heat fluxes from sea to the
insulated steel hull structure of a membrane LNG cargo con-
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Figure 2: Simulated models for the enclosed spaces in the
insulation of a membrane LNG cargo containment: (a) hori-
zontal Case A, (b) vertical Case B, and (c) semi-vertical
Case C
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Table 1: Coordinate values of the local (X, y, z) at the rep-
resentative edge positions in the central planes (Refer to

Figure 3 - Figure 5)

o The coordinate values of (X, y, z) [m]
Positions

Case A Case B Case C
Left-Down (0, —0.1, 0.0) (*1 0, 0.0) | (—1, 0, 0.0)
Left-Center |(0, 0.0, 0.0)| (—1, 0, 1.5) | ( 0, 0, 0.0)
Left-Up (0, 0.1, 0.0)| (— 1 0,3.0)| (1,0, 0.0)
Center-Up |(0, 0.1, 1.5)| ( 0, 0, 3.0) | ( 1, 0, 1.5)
Right-Up |(0, 0.1, 3.0)| ( 1, 0, 3.0) | ( 1, 0, 3.0)
Right-Center |(0, 0.0, 3.0)| ( 1, 0, 1.5) | ( 0, 0, 3.0)
Right-Down (0, —0.1, 3.0)| ( 1, 0, 0.0) | (—1, 0, 3.0)
Center-Down [(0, —0.1, 1.5)] ( 0, 0, 0.0) | (—1, 0, 1L.5)
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Figure 3: Transient response of convective heat transfer
coefficients at the representative edge positions in the central
plane of the enclosed spaces: (a) horizontal Case A, (b)

vertical Case B, and (c) semi-vertical Case C
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Figure 4: Time-averaged convective flow fields in the central z-y plane of horizontal Case A: (a) streamline with iso-velocity

contour of W = 0, (b) gas temperature, (c) thermal conductivity of fluid, and (d) relative humidity, superimposed on the veloc-

ity vector field with the iso-velocity contour of w = 0.
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Figure S: Time-averaged convective flow fields in the central x-z plane of vertical Case B: (a) streamline with iso-velocity con-

tour of w = 0, (b) gas temperature, (c) thermal conductivity of fluid, and (d) relative humidity, superimposed on the velocity

vector field with the iso-velocity contour of w = 0.
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