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ABSTRACT

In modern livestock buildings the design
of the ventilation systems is important in
order to obtain good air distribution. The use
of Computational Fluid Dynamics for
predicting the air flow and air quality makes it
possible to include the effect of room
geometry, equipment and occupants in the
design of ventilation systems. However, it is
not appropriate to include the detailed
geometry of a large group of lying or standing
animals affecting the air flow in the building.
It is necessary to have relatively simple
models of the animals, which are easier to
implement in the computer models. In this
study laboratory measurements in a ventilated
test room with “pig simulators” are compared
with CFD-simulations.
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INTRODUCTION

In recent years the use of Computational
Fluid Dynamics (CFD) for prediction of
airflow in office buildings and industrial
buildings has increased significantly due to
the extension of powerful desktop
workstations and easy to use CFD-codes. The
CFD tool is also an interesting possibility to
predict airflow and air quality in modern
livestock buildings, since there is an
increasing attention on working environment
and animal welfare. A number of authors have
investigated the use of CFD for the prediction
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Figure 1 Groups of objects which are too complex to model in every detail can be modelled
as volumes with certain characteristics.
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of air flow in livestock buildings, e.g. Harral
et al (1997), Hoff et al (1992, 1995) and Svidt
(1994).

For practical purposes it is not possible to
model every detail of the building including
all types of equipment and animals. To model
the overall airflow pattem, a simpler model
will often be adequate.

If the building in case has only a few
internal walls or relatively large solid
obstacles, it is obvious to model these objects
in full detail. On the other hand, a less
detailed model will easier to define in case of
a large number of objects with a small extent
compared to the entire flow domain. This will
especially be the case for a group of animals
which consists of a number of irregular
objects placed in various positions or even
moving around within a certain area or
volume. Figure 1 shows an example of a
building with animals, feeding equipment, pen
partitions and a slatted floor as the major
geometric  objects affecting the air
distribution. The right hand side of the figure
illustrates that the model of simple geometries
(pen partitions) is close to the real geometry,
while the groups of more complex objects
(animals, feeding equipment and slatted floor
are modelled as volumes with certain
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characteristics. In the present study laboratory
measurements in a ventilated test room with
“pig simulators” are compared with CFD-
simulations.

METHODS

Experiments are carried out in a full scale
test room as shown in figure 2. The room
dimensions are 3.00 x 8.50 x 5.00 metres. The
inlet slot covers the full width of the room and
its height is 19 mm. For the CFD boundary
conditions, the effective inlet height 4, is
defined as:

ho-_4
T W 1)

where ¢ : airflow rate [m?s]
u, :inlet air velocity [m/s]
W : with of the inlet [m]

The effective inlet height is 15 mm based
on the measured inlet air velocity, 4.9 m/s and
the measured air flow rate, 0.3675m?/s. To
obtain a two-dimensional flow in the room,
four guiding plates are mounted below the
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Figure 2 The Full scale test room with inlet slot, outlet slot and guiding plates.
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Figure 3 Plan view of the test room. Eight pig simulators are placed in the middle of the
room. The position of the measurement columns is indicated downstream from the

simulators.

ceiling as shown in figure 2. Air velocity and
temperature was measured with a multi point
measuring system (Zhang et. al. 1996). Seven
sensors were mounted on. each of three
movable columns.

Eight pig simulators were placed on the
floor as shown on the floor plan in figure 3.
The cylinders are shaped as a half cylinder
with the length 1.05 m and the diameter 0.50
m. Columns for velocity measurements are
placed at x = 3.45 m which is 0.25 m
downstream from the simulators. In the z-
direction measurement positions are chosen to
capture the velocity profiles behind the
simulators as well as behind the gap between
simulators.

The CFD simulations are carried out with
commercial codes by use of the standard k, &-
model. The calculations are isothermal. A
detailed three-dimensional model with
approx. 200,000 cells as well as a simpler
two-dimensional model with approx. 1,500
cells are investigated. In the two-dimensional
model the pig simulators are described as a
volume resistance causing a pressure drop as
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used by Nielsen et al (1996, 1998):

& _ [, 2
— - u
x  2' @
where  Jp/Ox: Pressure drop [Pa/m]
I : loss coefficient
p :air density [kg/m’]
u : local air velocity [m/s]
RESULTS

The result of a three-dimensional CFD
simulation is shown in figure 4 and 5. Figure
4 shows a section at x = 1.625 (see figure 3)
and figure 5 shows a top view of the
calculated flow 5 cm above the floor.

Figure 6 shows a comparison of the
calculated and measured air velocities. The
left hand side shows that the simulation
predicts the position of the maximum velocity
to be about 0.5 m above the floor which does
not seem to be the case for the measurements.
On the right hand side the air velocities
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Figure 4 Section view of the calculated air flow with the three-dimensional model. This
figure shows the flow field at z = 1.625 m (see figure 3).

Figure 5 The

calcula

ted a
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ir flow 0.057m above the floor.
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Figure 6 A comparison of the measured and calculated air velocities in the three-
dimensional model. Behind a simulator (left) and behind the gap between

simulators (right).

behind the gap between two simulators. Here
the calculated velocity is significantly larger
than the measured velocity.

In the two-dimensional calculations the
cylindrical pig simulators are represented as a
rectangular volume defined by a free area ratio
and a pressure drop coefficient f. By the
choice of coefficients the effect of the volume
can be varied from no effect and up to the
effect of a solid obstacle. Table 1 shows the
combinations of model parameters studied,
and the velocity profiles resulting from the
different models are shown in figure 7. The
free area ratio 0.16 has been defined as the
total width of the gaps between the obstacles
devided by the room width (see figure 3). The
chosen range of loss coefficients f is based on
experiences from Nielsen et al (1996,1998).

Table 1 Parameters of the models studied.
Model Free area ratio f

1 0.16 0.00
2 0,16 0.50
3 1.00 0.50
4 0.16 0.30
5 0.16 0.05
6 0.16 0.10
7 1.00 1.00
8 0.16 1.00
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It is found that the models with the most solid
representation of the volume have the best
agreement with the present data. This is
shown in figure 8 where the result of model 8
is compared with the air velocities measured
downstream from the simulators at various z-
positions.
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Figure 7 Velocity profiles resulting from
various volume resistance models.
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DISCUSSION

The intemal geometry of a modemn
livestock building will normally be too
complex to describe in a CFD-model. The
equipment, floor construction and animals
constitute elements of so many details that it
is necessary to have a model that does not
require the full description of all geometric
details. This study has shown that it is
possible to have a fair agreement between a
simple model based on a volume resistance
and the laboratory measurements for the
specified case. However, no general
recommendations for the choice of
coefficients can be given on the basis of this
single case. There is a need for further
research to specify suitable coefficients for
different types of equipment, construction
details and animals.
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Figure 8 Velocity profile resulting from
model 8 compared with measured
air velocities at various positions
behind the obstacles.
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