Quantifying Thermal Expansion

What Exactly is Thermal Expansion?

Thermal expansion is the increase in volume of a fluid as the fluid is
heated (e.g., due to solar radiation, steam tracing, external fire, etc.).
In the case of a blocked-in liquid-full system, this gradual expansion of
the fluid can cause extreme build-ups in pressure. While most people
are vaguely aware of the potential for thermal expansion, they may not
understand the physics behind it; this Tech-Tip aims to briefly
introduce the governing principles of thermal expansion as well as an
equation to calculate the change in pressure.

Pressure Increase is a Result of a Balance of Forces

When considering a blocked-in liquid-full pipe, thermal expansion will
cause the pressure of the fluid to increase. Figure 1 illustrates the
balance of forces between the fluid and the pipe wall. The tensile stress in the pipe wall will increase to
equalize the rising internal pressure exerted by the heated fluid. If the pressure continues to increase,
the tensile stress in the pipe wall will reach a critical point and no longer be able to balance the increasing
pressure. With this in mind, it becomes apparent how unmitigated thermal expansion could result in
exceedance of piping/vessel design limits.
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Figure 1. Balance of forces in a liquid-full pipe.

Calculating the Change in Pressure

In some cases, knowing the magnitude of overpressure due to thermal expansion could be helpful. For
example, a HAZOP team may wish to do a quick calculation to verify whether thermal expansion in a
segment of piping poses a safety risk that should be evaluated. Considering most HAZOP teams would
prudently assume that a breach due to thermal expansion could be a credible scenario, there is
no need for such a calculation; however, it is worth noting that a straightforward calculation can
obtained. Equation 1 below correlates the change in pressure to the change in temperature [1]:
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where as is the volumetric coefficient of thermal expansion of the fluid
[2], «, is the volumetric coefficient of thermal expansion of the pipe
material (equal to three times the linear coefficient of thermal
expansion) [3], B is the compressibility factor of the fluid (equal to the
inverse of the fluid bulk modulus [4]), and D, t, and E, respectively, are
the diameter, thickness, and elastic modulus of the pipe (or vessel) [5].
AT is the change in temperature (the temperature of the container is
assumed to be equal to the bulk temperature of the fluid) and AP is the
corresponding change in pressure. Although not a major contributor to
pressure, vapor pressure of the fluid would be additive in this case.

In addition to the material properties of the system and the
compressibility of the fluid, Equation 1 verifies that the governing
principles of thermal expansion in blocked-in liquid-full systems are the
change in temperature and change in volume of the container caused
by the expanding fluid.
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