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Abstract of Thesis

Displacement Ventilation (DV) has been known as an energy saving system as it relies on buoyancy force to
draw hot air upwards to be displaced by cool air. The main strength of DV that recommends it nowadays is that
a well-designed DV system prevents mixing of contaminants as they are dragged along the hot air upward flow
leaving the occupied zone, breathing zone in particular. However, the system’s effectiveness is lowered in large
rooms due to design problem such as difficult balance between sufficient supply flow volume and low inlet
velocity, furniture arrangement acting as obstacles, or room geometry.

Hence, the purpose of this study is firstly to assess the efficiency of displacement ventilation in minimizing
infection spread in an actual large lecture hall, as a base-case, through field measurements and CFD simulations
both steady-state and transient. Secondly, the study aims at investigating the effect of multiple factors on DV
system performance, e.g. the effect of source position, occupants’ seating pattern, and DV diffusers’ setting. The
third goal is to explore the enhancement techniques with portable cooling unit with air purification, that is,
Portable Displacement Ventilation unit (PDV unit) and assess the efficiency and effectiveness on boosting the
DV system performance.

The study is composed of 5 chapters serving the three goals of this study.

Chapter 1 presents background information about DV system, its properties, strengths, and weaknesses
supported by literature and related previous studies’ findings. In this chapter, the importance of the current
study is highlighted.

Chapter 2 focuses on a special DV system installed in a university lecture hall. The system performance is
assessed in terms of temperature and contaminant distribution. Multiple variables are investigated exploratory
CFD analyses, steady-state and transient, and field measurements including contaminant source position,
seating pattern of occupants, and diffusers settings. In addition, CFD validation results are presented and
analyzed. The main weaknesses of DV system in large spaces generally and in double wall diffuser system
particularly were concluded.

Chapter 3 introduces a novel portable DV unit. Details of the design, specifications, operation method are
defined. The effectiveness of the proposed unit is evaluated using zonal model calculation, full-scale experiment,
and CFD analysis in terms of temperature and particulate matter distribution in an environmental chamber.
Several parameters are explored such as the unit’s COP and flowrates, DV flowrate, and the position of exhaust
relative to the PDV unit. The weaknesses, potential, and design recommendations of the unit were concluded.

Chapter 4 presents the CFD application of operating the novel PDV unit in the investigated lecture hall as a
representative of the unit’s performance in enhancing DV system performance in large spaces. The PDV units
were tested as an additional system booster and as a complementary or replacement ventilation system. Two
main sets of analysis are found in this chapter. First one is operating the PDV units in the base-case as an
additional system booster. The second is testing the effectiveness of the PDV units as a complementary or
replacement ventilation system. As a result, this novel PDV unit have the enough capacity to improve the DV
performance effectively by using properly even in a large lecture hall.

Chapter 5 summarizes the main findings and reviews the previous chapters defining areas where further

work is needed.
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