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ABSTRACT

In this paper, the unsteady incompressible Navier-Stokes equations coupled with energy equation were solved to find
out the optimal location of electrical heat trace for anti-freeze of water inside the pipe for fire protection. Since the con-
duction equation of pipe was coupled with the natural convection of water, the analysis of conjugate heat transfer was
conducted. A commercial code (ANSYS-FLUENT) based on SIMPLE-type algorithm was used for investigating the
unsteady flows and temperature distributions in water region. From the numerical experiments, the isotherms and the vec-
tor fields in water region were obtained. Furthermore, it was found that the lowest part of the pipe cross-section was an
optimal position of electrical heat trace assuming the constant thermal expansion coefficient of water since the minimum
temperature of the water with the position is higher than those with the other positions.

Keywords: Heat tracing, anti-freeze, CFD, Natural convection, Conjugate hesat transfer
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Table 1. Design Specifications of the System

Properties & Spec. Vaue
Outside diameter of pipe 60.5 mm
Thickness of pipe 3.65 mm
Material of pipe Carbon Steel
Conductivity of pipe 54 W/mK
Density of pipe 7854 kg/m®
Specific heat of pipe 434 JkgK

Ambient temperature 0°C

Intial water temperature 0°C (Liquid)

Size of heat trace (W) 10 mm

Nominal power of heat trace 16 W/m
Insulation

Pipe

!

Heat Trace

Figure 1. Profile and plan view of the system.
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Figure 3. A non-uniform D/60 mesh.
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Figure 4. Minimum temperature histories for various grid
size.
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Figure 5. Minimum temperature histories for various time-
step size.
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Figure 6. Isotherms with various heat source position (t = 5,000 s).
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source position.
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