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This paper presents an advanced modeling approach which significantly
improves predictions of reaction rates and critical data that engineers need to
design effective pressure relief systems. Ideally, pressure relief systems are sized
exactly for the reaction characteristics of the chemicals in the vessel. Howeuver,
with many chemicals and chemical mixtures, reaction chemistry is difficult to
characterize because the individual components interact in complex ways.
Furthermore, the high cost and risk of full-scale reactivity experiments make test
data scarce. Chemical engineers bridge this gap in part with small-scale tests and
modeling computer codes such as the one developed by the Design Institute for
Emergency Relief Systems (DIERS). The comprehensive approach developed in
this paper provides a reliable design basis for difficult systems, including highly
energetic and nonideal reactions, systems with continuing reactions in piping
and containment vessels, and systems where homogeneous bubble collapse
caused by rapid depressurization could cause a catastrophic vessel failure.

We first examine possible mechanisms for catastrophic vessel failure and
“associated consequences. Next, we outline a detailed approach for emergency

' relief system design and reactivity testing.

THERMODYNAMIC ANALYSIS

Vessel rupture is caused by an iricrease in the internal energy
of the contents and insufficient emergency relief. When a vessel
ruptures, the internal energy of the contents provides a source
of fragmentation/deformation energy for the shell, kinetic
energy imparted to contents and fragments, and blast wave
energy. Clearly, this process is not reversible as some internal
energy will be dissipated as turbulence and heat transferred to
the surroundings. Under external heating by fire or internal
heating by a runaway reaction or both, the temperature of the
tank walls increases, the yield and tensile strength of the vessel
walls decrease, and resistance to internal pressure decreases as
well. )

Upon vessel failure, the superheated liquid exhibits a sudden
pressure drop to ambient pressure. To achieve equilibrium,
internal energy stored in the liquid as superheat vaporizes a
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fraction of the liquid, i.e., the liquid will flash. The rapid
vapor bubble growth causes the remaining liquid to break up
into small droplets. Depending on the available energy content,
a fraction of the droplets is entrained into the vapor cloud as
an aerosol while the remainder rains out.

Rapid depressurization of a vessel can lead to explosive
boiling of the liquid contents. Depressurization can be attrib-
uted to flow and/or expansion. The same phenomenon, i.e.,
explosive boiling of liquids, can be induced by rapid heating
of the liquid and is sometimes referred to as rapid phase tran-
sitions. As shown in Figure 1, the pressure will drop below the
saturation point following rapid depressurization. The rate of
pressure drop influences this pressure undershoot which in turn
influences the superheat available for bubble nucleation. Large
depressurization rates can lead to large undershoots and thus
bubble nucleation superheats. The pressure will recover when
the pressure rise caused by bubble generation is equal to the
rate of imposed pressure drop at flashing inception. If the rate
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