
1. Wind tunnel experiments

• Modelling of airflows in and around a 1:60 scale cattle
barn (Fig. 1) in a wind tunnel.

Modelling airflow patterns and the behaviour of ammonia

in and around naturally ventilated barns

Introduction
• Agricultural buildings must be adequately ventilated to

ensure a proper indoor climate for production.

• Natural ventilation is the most sustainable way to
accomplish this. Benefits include lower energy costs
and noise reduction (thus diminishing animal stress).

• The application of natural ventilation is still limited due
to the absence of an adequate measurement
technique for the ventilation capacity.

Goals
• To acquire a better knowledge of the complex

natural ventilation process in and around barns
(air currents, air displacements, ventilation capacities,
indoor air quality).

• To study the behaviour of ammonia which originates
from the slurry pit.

• To link these findings in order to make proper
predictions of both the ventilation rate and related
emissions.
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2. Ammonia emission experiments

• Full-scale experimental setup of a slurry pit (Fig. 2).
• Detailed study of ammonia release from a liquid
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barn (Fig. 1) in a wind tunnel.
• Comparison of multiple configurations, i.e. 6 different

ventilation openings and 5 wind incidence angles.
• Measurements at multiple locations: internal & external

air velocities, temperature and relative humidity.

Fig. 1: Cattle barn scale model
inside the wind tunnel, featuring
both front and back ventilation
openings, as well as a ridge
opening. Inside the scale model 6
hotwire and 2 NTC anemometers
were fitted to register internal air
velocities.

3. CFD modelling

• Software-aided modelling of airflows in and around
virtual models of the wind tunnel (Fig. 3–4) and the
slurry pit setup (emission experiments).

• Based on physical laws including mass, momentum,
energy and species conservation.

• Boundary conditions are similar to those in the
experiments.

• Detailed study of ammonia release from a liquid
surface in the pit, movement of ammonia through the
slatted floor surface and further into the ‘indoor’
environment.

• Monitoring air velocities, NH3 concentration, N-NH4

content, pH, temperature and relative humidity.
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4. Integration & validation

• Integration of all experimental results from 1-3.

• Validation in real life barn measurements (Fig. 5).

• Basis for the development of an assessment tool for
the evaluation of new barn types and exploitations.
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Fig. 2: Schematic of the experimental setup of the slurry pit. Above
the pit lies a real life slatted floor, covered by a wind tunnel section.
The ammonia emitting surface in the pit can be altered in height.
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Fig. 3: Example of a 3D geometry of
the wind tunnel scale model overlain
with a coarse computational grid.
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Fig. 4: Detail of a CFD solution around
the barn’s inlet opening, showing velocity
vectors coloured by velocity magnitude.
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Fig. 5: The results of all subprojects will
be compared, integrated and validated
against real life conditions.


