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1 INTRODUCTION

This verification manual describes the verification, validation and sensitivity analysis for the thermodynamic modules in
version 6.0 of the Unified Dispersion Model (UDM) implemented into the DNV software package PHAST 6.0. the
individual modules in version 6.0 of the Unified Dispersion Model (UDM). Each of the thermodynamic modules has been
investigated in detail in conjunction with a literature review and a sensitivity analysis. The modules have been corrected
where necessary, validated where possible, and been compared with external models like the Shell package
HGSYSTEM.

The subsequent chapters in this report investigate the following.

1. Two-phase non-reactive equilibrium thermodynamics model (liquid temperature = vapour temperature) for
mixing of pollutant with moist air. This includes the effects of the presence of separate aerosols for pollutant
and water. Also heat and water vapour transfer from the substrate is discussed.

2. Two-phase equilibrium thermodynamics model (liquid temperature = vapour temperature) for mixing of
hydrogen fluoride (HF) with moist air. This includes the effects of polymerisation and the formation of an
aqueous fog.

3. Assessment for the droplet non-equilibrium thermodynamics (liquid component temperature below vapour
temperature). This includes calculation of droplet trajectories, droplet mass and droplet temperature.
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About DNV

We are the independent expert in risk management and quality assurance. Driven by our purpose, to safeguard life,
property and the environment, we empower our customers and their stakeholders with facts and reliable insights so that
critical decisions can be made with confidence. As a trusted voice for many of the world’s most successful
organizations, we use our knowledge to advance safety and performance, set industry benchmarks, and inspire and
invent solutions to tackle global transformations.

Digital Solutions

DNV is a world-leading provider of digital solutions and software applications with focus on the energy, maritime and
healthcare markets. Our solutions are used worldwide to manage risk and performance for wind turbines, electric grids,
pipelines, processing plants, offshore structures, ships, and more. Supported by our domain knowledge and Veracity
assurance platform, we enable companies to digitize and manage business critical activities in a sustainable,
cost-efficient, safe and secure way.

DNV | digital@dnv.com | dnv.com/digital
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