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The turbine hall houses a number of components with intense heat release, resulting in a hot and hu-
mid air environment and making it very unpleasant for plant staffs to conduct maintenance work there,
particularly at a hot outdoor environment. The traditional pure buoyancy driven natural ventilated could
fulfil the overall heat exhausting requirement, however, creating hot environment at several positions due
to the vortex airflow structure. As only part of the building need to be cooled, a localized cooling system
with assisting mechanical fans is used. Buoyancy driven natural ventilated flows primarily occupying this
turbine hall have been investigated by a computational fluid dynamics (CFD) model and an on-site mea-
surement. The ventilation airflow is solved by 3D steady state Reynolds Averaged Navier-Stokes (RANS)
equations in conjunction with the SST k-w turbulence model. The numerical codes and procedures were
validated by comparing with on-site measurements. The concept of mean age of air is used to evalu-
ate the natural ventilated efficacy. Following that, the potential of using mechanical vents and slabs to
cool equipment work area at this buoyancy driven natural ventilated hall is analysed. The simulation re-
sults show that the mechanical vents could decrease air temperature and increase air exchange efficiency
at work area effectively on condition that the local airflow pattern is well organized, which is strongly
related to the ejection direction and velocity. Present research could benefit future development of the
ventilation design in the power plant buildings.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

then dominate the whole room airflow patterns, which also has
great potential for reducing the energy consumption in buildings

Turbine hall, which is the most important part of a thermal
power plant, houses a number of components vital to the gen-
eration of electricity from the steam that comes from the boiler.
Therefore, heat releasing from this hall is very intensive, resulting
in a hot and humid indoor environment, which makes it almost
impossible for plant staffs to conduct maintenance work there,
particularly in the regions with hot climate. Proper ventilation is
needed to provide adequate fresh air and remove heat.

As the heat release is intense in the turbine hall, thermal buoy-
ancy driven natural ventilation could be generally induced and
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[1-4]. However, several studies have found that natural ventilation
could not provide sufficient ventilation during a certain time of
one calendar year in many regions [5] especially for buildings with
large spaces [6]. Although full mechanical ventilation system could
achieve sufficient ventilation, the energy consumption is tremen-
dous at such a large space with intense heat release [7,8]. Hybrid
ventilation (or mixed-mode ventilation) combining the natural and
mechanical cooling modes is a potential solution [9].

1.1. Hybrid ventilation

The hybrid ventilation system exploited the natural cooling
mode when the outdoor climate is suitable; therefore, it not only
saves energy but also provides better indoor air quality than a
unique mechanical system [6,10]. Furthermore, the system could
provide better thermal comfort than a pure natural ventilation
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Fig. 1. Spatial location and eye-bird view on the thermal power plant and surroundings from northern direction. Configurations of the openings roof ventilators (b) and alloy

shutters (c) for natural ventilation were also included.

system [10]. Although this hybrid ventilation system has great po-
tentials in reducing energy consumption and improving indoor
air quality simultaneously, systematic design optimisation is still
needed to ensure the optimal performance of this hybrid ventila-
tion system [6].

Regarding of the built environment, appropriate thermal distri-
butions and room airflow patterns are significant for improving in-
door air quality and reducing energy usage simultaneously [11,12].
Particularly, when the cooling is only needed in specific regions
(for example, the working area), well-designed hybrid ventilation
airflows could further reduce the energy cost and enhance the in-
door air quality simultaneously [13-15].

1.2. Air flow patterns in hybrid ventilation

For the safety of thermal units and comfort of dwellers, it is im-
portant for building operators to evaluate the airflow patterns and

indoor air temperature distributions caused by the hybrid ventila-
tion across buildings [16]. In the past, a number of methodologies
and models, including analytical models [17,18], empirical models
[6], multi-zone models [7], zonal models, small-scale experimen-
tal models, full-scale experimental models and computational fluid
dynamics (CFD) models [1,16], have been proposed to evaluate the
airflow patterns and indoor air temperature distributions, which
covers. For buildings with simple geometries, such as a single zone
with one lower and one upper opening, analytical models could
be developed to evaluate the ventilation rate depending on density
differences, temperature differences, or surplus heat. These analyt-
ical models provide a basic understanding of the ventilation pro-
cess. For buildings with complex geometries, CFD is a useful tool
to model the detailed performance of natural ventilation and hy-
brid ventilation [19]. Compared to experimental and mathematical
analysis, CFD can provide the velocity, turbulence and temperature
distributions in the whole flow field [20]. At early design stage, the
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