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Abstract: Analysis and optimization of air flow
distribution inside drying kiln systems contribute
to the improvement of the final product quality.
The present study reports on the three-
dimensional numerical solution of air flow
within a drying kiln enclosure. The air flow field
is examined in different configurations and
operation conditions. Depending on the off/on
switched fans, we obtain various air flow
distributions. The simulation was performed
using the Comsol Multiphysics program using
the k-¢ turbulent mode in steady-state regime.
The effect of the turbulence modeling is
distinguished through a direct comparison
between the results. The results highlight the
position of the recirculation regions and the
distribution of the air flow.
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1. Introduction

Due to the rapid growth of the industrial
utilization and of the need to obtain dry wooden
components, natural drying, which takes at least
2-5 years, has become inappropriate for the
current demands. Therefore, searching for wood
drying acceleration methods that do not affect
the wood structure has become a necessity
nowadays. Convective drying is one of the most
used processes and the quality of the final dried
product depends on the uniformity of the drying
air distribution. The analysis of the velocity field
was carried out by simulation using the Comsol
Multiphysics numerical modeling software. First
of all, there were chosen the steady-state
conditions for the flow regime and the three-
dimensional space for the computational domain.

Four different operation solutions were
analyzed:

- a) two recirculation fans situated on
opposite sides and at different heights are
running;

- b) four recirculation fans situated in pairs of
two on opposite sides are running;

- ¢) four recirculation fans and one exhaust
fan are running and there is an open air slit;

- d) one exhaust fan is running and there is an
open air slit.

From the above described cases, the first two
are presented in this paper.

The simulation results are presented as 3D
velocity distribution diagrams corresponding to
certain zones inside the kiln. The analysis of the
results leads to the adjustment of the operation
parameters and to the space optimization of the
fan arrangement, in order to obtain the maximum
efficiency.

2. Computational modeling
2.1. Geometry of the drying kiln

The 3D view of the considered industrial
type of wood drying kiln is shown in Figure 1.
The drying unit system consists of a kiln
chamber inside which there are four recirculation
fans and on this chamber there is an exhaust fan.
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Figure 1. The 3D view of the wood drying kiln.
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Because the exhaust fan doesn’t work correctly
without fresh air, it is necessary to mount a fresh
air slit on the vertical front side. The kiln
chamber is considered a cube with a two-meter
long edge. The diameter of the recirculation fans
is 250mm and of the exhaust fan is 200mm. The
fresh air slit has a height of 2000mm and a width
of 40mm. These fans are situated at different
heights and on opposite sides.

2.2. Boundary conditions and mesh cells

The boundary conditions for the air flow are
determined by the performance of the axial flow
fan. The total air volume flow rate through the
kiln chamber is given by the pressure jump
across the axial fan and its value results from the
performance curves of the fan. At the inlet,
uniform velocity distribution is assumed
(vo=0.7m/s) and  this  corresponds to
Qo=123.7m%/h. The turbulence models are valid
only in fully turbulent regions. Close to the wall,
where viscous effects become dominant, the
models are used in conjunction with the wall
functions. For this study, the convectional
equilibrium logarithmic law governing the wall
is used. The computational domain is meshed
and fine grid spacing close to all the walls has
been applied, in order to resolve steep gradients.
The grids for the drying kiln consist of 150.000
elements and the result of this can be seen in
Figure 2.

Figure 2. The 3D view of the meshed wood drying
kiln.

2.3. Numerical simulation of the inside fans

In order to accurately model the inside fans
without having to model the geometry of the
blades and rotate them throughout the simulation
a hybrid approach was used, i.e. the action of the
blades on the air was introduced as volume
forces in the Navier-Stokes equations for the
sub-domains representing the fans. First, the fans
were modeled as different cylindrical sub-
domains in the kiln. Fluid characteristics of the
sub-domains (temperature, density and viscosity)
were considered the same as the ones in the kiln
ie. t=20°C, p=121kg/m?®and n = 1.98107
Pa-s. Only the volume forces terms on the three
axes were different. Second, the pressure drop
vs. flow rate curve of the fans was approximated
by a 3™ order polynomial to yield a
function Ap(Q). Third, an integration coupling

variable was set on the boundary representing the
inlet cross-section of each interior fan. In this
variable the program integrates the velocity
component normal to the inlet cross-section (i.e.
axial inlet velocity in the fan) which gives the
flow-rate trough the fan at each iteration Q.
Finally, we introduced in each sub-domain, in
the volume force corresponding to the axial
direction for each inside fan, the formula of the
pressure-drop computed with the corresponding
variable representing the flow-rate, divided by
the length of the fan (in order to get, in each cell
of the sub-domain a volume force that would
yield in the outlet section of the fan the pressure
drop corresponding to the flow rate for each
iteration). Axial fans also induce a rotational
velocity component at the outlet. In order to
introduce this component as volume forces in the
sub-domains, we have to analyze the velocity
triangles for axial hydraulic machineries (Figure
3), where inlet velocities are colored in blue and
denoted with subscript 1, while outlet velocities
are colored in red and denoted with subscript 2.
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Figure 3. Velocity triangles for axial hydraulic
machineries



As the inlet velocity is considered normal to
the fan inlet cross-section, and the flow rate
trough the fan is constant this results in an equal
meridian velocity at the outletVyo . On the other

hand the transport velocity is known as long as
we know the rotating speed of the fan (n) and
the radius where we perform the computation
(r):
Up =Up =2znr
The fundamental equation for turbo
machineries is:

Htoo = é(uz Vo cosap —Uq V] cosaq)
which, for an axial fan with normal inlet velocity
(a1 = 90%), yields:
Ap = puy Vo cosar

Hence the tangential component of the
velocity is:

Vo cosap =7pg HTOO =7Ap
prpus  p2znr

This component is only a function of
constant rotating speed of the fan, pressure drop
and radius with respect to the centre of the fan
where calculations are made. It can also be
included as volume forces in the sub-domain
representing the fans if geometrically
decomposed with respect to the two axes that are
normal to the axis of the fan. This is a simple
geometrical transformation as long as we know
the coordinates of the cell in which the term is
added. A problem is still the presence of the
radius in the denominator of the equation. This
means that cells situated near the axis of the fan
r=0 will yield infinity when computing the
tangential component of the velocity.

The model of the fan can not be a simple
cylinder but rather an annular shape in order to
bypass this problem. In fact the annular shape
model is closer to an real axial fan than the
cylindrical model as any axial fan has a shaft
that does not permit air flow trough the exact
centre of the fan.

Several simulations were performed both
with the complete model (i.e. both axial and
tangential volume force terms) and with the
simplified model (i.e. only axial volume forces
terms).By comparing the results and the
corresponding computational times we finally
adopted the simplified model for the inside fans
of the kiln. The tangential component of the
volume forces has shown to be very small with

respect to the axial one and disappeared almost
instantly after the air left the fan. It also
increased the computational time by a factor of 2
with respect to the simplified model. In the
sequel this simplified model was used for all
simulations.

The simulation was performed based on the
Navier Stokes equation:

p[%w vv]:wpﬂzvzv +F

where p[ﬁ vy VVJ is the vector tensor form,
ot

vp is the pressure, , is the viscosity and F is
the specified force.

3. Results and discussion

In the first analyzed case, two fans placed at
different heights and on opposite sides are
running. First of all, two sections along the
central axis, on the running direction of the fans
were taken into consideration. We can observe
the velocity distribution on the analyzed plane as
a red colored surface. We can see in Figure 4 a
3D representation of the plane.

In Figure 5, the velocity distribution is
represented in a vectorial form, using a 3D
coordinate system. We can notice the air flow
inside the kiln, the intensity of the air flow when
exiting the fan and also the decrease of the
intensity when the air spreads into the chamber.

Figure 4. Velocity distribution

Figure 5. Velocity distribution in a vectorial form



In the middle of the drying kiln there are some
recirculation areas where the velocities have
much smaller values than those obtained at the
output of the fan. We observe that the corners of
the kiln are the least exposed to the air flow.

Figure 6 illustrates a vectorial representation
as well as a graphical representation (the colored
one) of the air flow in a 3D image.

In Figure 7 there is a section belonging to the
Y-Z plane, placed in the centre of the fan and
along the air flow direction where the intensity is
maximum.

Figure 8 depicts the intensity of the velocity
field as it appears from the X-Z plane. We can
observe the most exposed areas of each fan.

Figure 6. Vector and contour of velocity
distribution

Figure 7. Y-Z plane section of velocity distribution

Figure 8. X-Z plane section of path lines

In the second analyzed case all the four fans
positioned in groups of two at the same height
but having different orientations are running. In
Figure 9 we can observe, as in the previous case
(when only two of the fans were running), two
vertical sections cut along the central axis of the
fan (Y-Z plane). The velocity distribution is
represented as a colored surface in a 3D view.

A more explicit image appears in Figure 10
which illustrates a 2D vertical section along Y-Z.

In Figure 11 there is a vectorial form of the
velocity distribution in a three dimensional
coordinate system. We can see the air flow
direction and also the velocities in certain places
of the kiln.

Figure 9. Vector and contour of velocity
distribution

Figure 10. Y-Z plane section of velocity
distribution

Figure 11. Velocity distribution in a vectorial
form



4. Conclusions

In contrast with the first case, in the second
case the air flow circulation inside the kiln has a
higher intensity and a uniform distribution.
Another observation that can be stated is related
to the existence and position of recirculation
zones near the kiln corners. Similar results were
obtained with the other configuration including
beside the recirculation fans an exhaust fan
situated on the kiln roof and a fresh air slit.
Further investigations are foreseen by simulation
the positions of the four recirculation fans,
placing them at different coordinates or by
changing the number of fans having different
positions and heights. Moreover, it could be
simulated more complex kiln geometries and the
result analysis and interpretation together with
the previous conclusions will indicate the best
solutions for design purpose.
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