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Abstract

This dissertation is focused on a computational study of a perimetric exhauster, based on an experimental
work previously done on the same exhauster and is a method to complement it. Grease deposition and
exhauster behaviour on a 90◦channel that may be present on a perimetric exhauster are the main focuses of
this work. The simulations done have the objective of including grease (mass) deposition on the exhauster walls
and channel while understanding what were its consequences as well as analysing the various working powers
of the exhauster (hence the flow velocities). Also the geometry of the channel was studied: comparing and
understanding two different geometries and the impact they have on the flow and efficiency of the exhauster
was the goal. After that, a solution utilising a removable application that acted as a flow guide was assessed.
The flow was then characterised as being turbulent, instead of what was previously assumed (laminar) for
its low range of velocities. Setting this regime allowed to replicate the results observed on the experimental
procedure with the characterisation of the recirculation bubbles. The second geometry gave better results
regarding the mass deposition as well. Furthermore, the solution for the mass deposition spots on the channel
also has a good impact, redirecting grease particles to a more desirable location or replacing the walls as an
easier sticking place.
Keywords: Perimetric exhauster, particle simulations, turbulent flow.

1. Introduction

Nowadays the concern regarding energy consump-
tion and pollution is spread worldwide. There are
no more doubts about the deteriorating effects that
our actions have towards the environment and conse-
quently, to the generations to come well-being. This
recently acquired general awareness is leading to a
cultural change of behaviour on all matters related
with this subject [1]. This translates to the search
of more economical (less energy consumption) and
environment-friendly solutions for household appli-
ances when referring to domestic/personal ways to be
“cleaner”. In order to help the consumers make a de-
cision, a label that is used to rate the energy efficiency
and to provide, in a simple way, the characteristics of
domestic appliances was introduced.

2. Bibliographic Review

This work on a kitchen exhauster complements di-
rectly the work by Ferro [2], which is an experimental
analysis on the same model of an exhauster used here.

The exhauster in study has a rectangular channel
in which it makes the air suction. That channel has
a 90◦corner inside, where the air and everything that
comes with it has to pass through before reaching the
filters. Reaching those filters is the goal in the exhaus-
tion process, since in there, retention of particles and

hence a purification of the enviroment occurs. This is
also important so that no grease obstructs the following
pipes of the exhauster or that it reaches the fan.

The importance of understanding the mechanism
of the exhauster lies heavily on the before mentioned
phase of suction. Sharp edges induce large pressure
gradients which cause flow separation and recircula-
tion bubbles. These zones have strong vorticity and
shear forces; flow separation creates a free shear layer
on the surface where it happens, which can cause struc-
tural damage and has a bigger growth rate for turbu-
lent flows when compared to laminar flows [3]. Accord-
ing to [2], the characteristic values for the velocities
inside the right-angled exhauster channel pointed to a
laminar flow. The Reynolds numbers (Re) found in
that work were all too low to induce a turbulent flow,
in theory. Additionally, having a sharp corner creates
a centrifugal force that grows as the velocity of the flow
or the tightness of the corner increase (with 90◦being
the tightest). The created force projects some of the
bigger particles that are being transported in the flow,
not allowing them to follow the same path as the air or
other smaller ones, since they are much heavier. Stud-
ies as [4] have shown that smoothing the corner reduces
or even completely removes the adverse pressure gradi-
ent due to the increased curvature in the corner, mak-
ing it impossible for the flow to separate, as explained
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later.

Also of high importance in this study is the disper-
sion and deposition of particles. Just to provide some
background, there are studies that reveal a significant
association between particle pollution and people mor-
tality [5, 6], another relates the increase in lung cancer
death by 8% for every 10 micrograms per cubic me-
ter of long term particle exposure [7]. This provides
some information and relevance on why there is a need
to have a proper and efficient ventilation indoors, es-
pecially when people spend more than 90% of their
time inside buildings, where particle concentration is
usually higher than outdoors [8]. Even though that
numerous parameters influence the measured deposi-
tion rates, the most prominent being the particle size,
which is extremely variable between experiments, but
it is not the only factor. A numerical approach can
systematise the measuring of particle deposition, by
controlling these influencing factors, and making the
comparison between results more reliable and accurate.

3. Objectives

The main goal of this work is to better understand
the behaviour of the complete flow inside the suction
channel of a perimetric exhauster through the utili-
sation of the software COMSOL MULTIPHYSICS R©
to simulate as accurately as possible the same con-
ditions that occur in reality. A comparison with the
experimental study that was previously conducted on
the same system is of great interest and it serves as
a guideline to some of the alternatives that were ex-
plored. Multiple geometries were analysed, trying to
understand which one could have the most appropri-
ate behaviour to implement on a real system of ex-
haustion. The energy component was also taken into
account and realising which was the most efficient ge-
ometry to utilise was also a goal. An analysis to the
particles present on the flow was also of interest. Mod-
elling the vapour-oil mixture that exists when cooking
as an approximation to particles of small (microme-
tres and above order) size to have an idea of the most
probable deposition spots on the inside surface of the
channel.

4. Methodology

The problem under study consists on reproducing,
as accurately as possible, the conditions in which a
kitchen exhauster operates. The aim is to do numer-
ical evaluation using a commercial software, in order
to characterise the velocity field inside the channel and
to observe some of the grease deposition placements as
well. An experimental work on this same subject has
already been developed [2], and it was used as a guide-
line to decide some of the steps taken, and likewise for
the sake of comparison of the results shown afterwards.

4.1. Exhaust and software characteristics

The exhauster in study is a perimetric exhauster
(Figure 1(b)): it has an entrance channel that is a cav-
ity along the perimeter of the geometry, as can be seen
in Figure 1(a). When working, the exhauster has three
velocities (V1, V2, V3) of aspiration that are limited by
the inbuilt fan capacity. These velocities are associated
with the three working powers (P1, P2, P3) of the ex-
hauster, which is what the user controls, being P1 the
minimum and P3 the maximum.

(a) Exhauster overview

(b) Channel entrance detail

Figure 1: Perimetric exhauster

Since the geometry was simplified to 2D, the length
of the channel entrance is of 10mm, which corresponds
to the slit where the flow is aspired all around the ex-
hauster perimeter. Schematics of the geometric rep-
resentations utilised are presented in Figure 2. These
images represent the simplified approach to the chan-
nel. Figures 2(a) and 2(b) refer to the channel as it is,
whereas 2(c) and 2(d) refer to modifications done to
find different solutions for the geometry.

(a) Geometry A (b) Geometry B

(c) Geometry C (d) Geometry B with flow
guide vane

Figure 2: Simplified channel geometries for numerical
simulations
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For all the numerical simulations, the COMSOL
Mutiphysics R© software was used. As its name states,
it is a multi-purpose software utilised for different ap-
plications. The modelling is done through its various
packages that can be ran together and in this work, the
particle tracing and the fluid flow models are utilised.

4.2. Numerical Simulations

To obtain results relative to the complete flow that
exists in a kitchen, a mixture of air and particles, this
numerical work was divided into two phases. Firstly,
the study of the flow by itself (without particles simu-
lating grease) and afterwards, the particle tracing sim-
ulations in an air flow.

The numerical simulations were then started by us-
ing a laminar model to reproduce the flow inside the
channel. This was done due to the small velocities
that were observed experimentally at the entrance of
the channel.

For the simulations to take place, some conditions
to define the problem had to be settled. It was defined
that to make a reliable replicate of reality it would be
enough to start with a two-dimensions study. The ge-
ometry utilised (simulation domain) was then defined
as being a combination of rectangles, to make a 2D
representation of the channel that exists inside the ex-
hauster. The simulation domain had to be adapted
during the development of the study due to the results
that were being obtained and in order to settle a do-
main that made the most accurate representation of
reality.

The first geometry utilised (geometry A) (Fig-
ure 3(a)) has the following dimensions: 10 mm of
height and 20 mm of width for the horizontal rectangle,
20 mm of height and 10 mm of width for the vertical
rectangle, and a 10 mm sided square. The second ge-
ometry (B) (Figure 3(b)) which made up for a better
representation of the channel had: 10mm of height and
100 mm of width for the horizontal rectangle, 20 mm
of height and 10 mm of width for the vertical rectangle
and also a 10mm sided square. For the second part of
the study, a comparison between the real channel and
another one that was not on the exhauster was made,
in order to verify which gave the better results regard-
ing the flow properties. This third geometry had the
same 10 mm of height and 100 mm of width horizontal
rectangle as the first one, but the vertical channel had
20 mm of height and 20 mm of width, along with a
10×20 rectangle (geometry C) (Figure 4).

All the simulations assume that the flow is incom-
pressible as well as steady-state. The values for air
density (ρ) and dynamic viscosity (µ) were then kept
constant, and equal to 1.2 kg/m3 and 1.9e-5 kg/ms,
respectively.

(a) Geometry A - laminar flow
analysis

(b) Geometry B - utilised
through entire work

Figure 3: Computational domain (2D)

Figure 4: Computational domain: Geometry C - vari-
ant, existing only on experimental installation

4.2.1 Flow regimes

Laminar Flow

For the first simulations, the laminar flow module
was chosen. This choice was based on the documented
velocities at the entrance of the exhauster, which define
the flow regime through the Reynolds number. For a
velocity of 2.37 m/s, the Re at the entrance of the
channel is in the order of 1300. This value corresponds
to a laminar flow, which was the first assumption taken
in this case [9]. Due to the obtained results, the laminar
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flow model was only applied to the first and second
geometries that were before mentioned (A and B).

The solutions for the velocity and pressure fields are
obtained solving the continuity equation (equation 1)
and the Navier-Stokes (NS) equations (equation 2),
since those are the ones that rule the physics of the
flow. Simplified for the conditions of the problem, they
assume the following form, respectively:

ρ∇u = 0 (1)

ρ(u∇)u = ∇[−pI + µ(∇u+ (∇u)T )] + F (2)

In this case, all the solid boundaries of the domain
have an impermeability condition, meaning that no
fluid passes through what is considered a solid wall or
surface. Also, the no-slip condition is applied to them.
This is used for setting the velocity of the fluid in direct
contact with the wall to the same velocity that the wall
has, which is zero. This condition also allows for the
shear stress at the wall to be calculated, that is given
by its definition as follows:

τw = µ
∂u

∂y
|y=0 (3)

For the inlet conditions, a velocity profile was im-
posed, using values obtained from Ferro [2] experimen-
tal work on this exhauster, simulating a uniform ve-
locity profile at the entrance of the channel with 2.02
m/s (minimum value registered). As for the outlet, a
constant pressure was defined. This was a pressure rel-
ative to the atmospheric pressure (1 atm) and its value
was 0 Pa.

The problem was considered adiabatic, so no heat
transfer between fluid and surface was considered and
the temperature was 293 K for all the domain. The
domain walls were also considered to be smooth, so
there was no need to utilise a roughness parameter, as
well as static (zero velocity).

Mesh and solver

The discretisation process in a numerical software is
done through the use of a solving mesh. This mesh is
what divides the computational domain into elements
in form of a grid. This process is important and in-
fluences not only the accuracy of the solution but also
the computational time. With an increasing mesh re-
finement (growing number of elements), both accuracy
and computational cost increase. Since the geometry
for the laminar flow was ver simple, a structured grid
with quadrilateral elements was chosen. Four levels of
refinement were utilised, from a more sparse mesh (0.5
mm elements → hi

h1
= 2) to a finer mesh (0.25 mm

elements → hi

h1
= 1), displayed in figure 5.

The figures from the image are in detail to be possi-
ble to view the elements clearly. The parameter hi/h1

(a) hi
h1

= 2 (b) hi
h1

= 1.538

(c) hi
h1

= 1.25 (d) hi
h1

= 1

Figure 5: Grid for laminar flow

is the aspect ratio and it defines the ratio between the
element size utilised in a certain refinement hi with the
finer mesh element size h1. A low value in aspect ration
means better quality solutions.

As for the solver, a stationary study was conducted,
solving for the pressure and the velocity field compo-
nents (u and v, horizontal and vertical, respectively).
The solver utilised was direct and fully-coupled, mean-
ing that all the variables were solved simultaneously
until the desired tolerance value for the residual was
achieved (0.1%), with a maximum of 300 iterations.

Turbulent Flow

As stated before, there was a need for a turbulence
flow approach to be taken by virtue of the obtained
results for the laminar flow not behaving as expected.
Accordingly, a turbulence model was chosen.

Allowing for a faster and lighter use of numeri-
cal methods, Reynolds Average Navier-Stokes (RANS)
equations are widely used in engineering. As its name
states, the components of the NS equations are aver-
aged through a method named as Reynolds decompo-
sition, and so the instantaneous quantities are not cal-
culated. The Reynolds averaging represents the flow
quantities divided into an averaged value and a fluctu-
ating part:

ψ = ψ̄ + ψ′ (4)

Where ψ can represent any scalar quantity of the
flow, ψ̄ is its mean value and ψ′ the fluctuation part.
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Once the flow becomes turbulent, all quantities fluctu-
ate in time and space.

The continuity and RANS equations result then,
from the decomposition of the flow field and inserting
that into the NS equations, respectively:

ρ∇Ū = 0 (5)

ρ∂Ū
∂t + ρŪ∇Ū +∇(ρu′ × u′) = −∇P +∇µ(∇Ū + (∇Ū)T ) + F

(6)
In this study, the k − ω model is used. It is a two-

equation based model developed by Wilcox [10]. The
k−ω model was chosen due to its reliability in solving
problems where adverse pressure gradients are present,
therefore, where flow recirculation appears, which is
the case. It is also possible to solve the flow all the
way to the walls, in order to know quantities of interest
that were calculated without the use of wall functions.

Usually, with a Re of the order of 1200, a flow can
be laminar, or in a transition from laminar to turbu-
lent [9]. In this case, turbulence is achieved due to the
different disturbances that are present on the channel
and its geometry since the velocities are low and there-
fore so is the Reynolds. These disturbances promote an
earlier transition than would be expected for the range
of Reynolds that this flow achieves. The entrance of
the channel and the right-angled corner can have that
effect.

The boundary conditions used to model the turbu-
lent flow are defined just the same as in the laminar
flow, except for the turbulence conditions at the en-
trance of the channel. Those were the turbulent kinetic
energy k (m2/s2) and the especific dissipation ω (1/s).
For k, an empirical correlation that relates its value
with turbulence intensity I was used.

Turbulence intensity (I = u′
U ) is an important pa-

rameter because it expresses the relation between the
instaneous and the average components of the velocity
field. The value utilised for I had to be tuned in or-
der for the flow to behave accordingly, and a sensibility
study for it was done. The values utilised were from
1, 5, 7.5 and 10 %. The tunning was done to assess
the influence of turbulence intensity and the value for
which the behaviour was the most appropriate.

Mesh and solver

In here, since the flow presents recirculation and the
interest is in obtaining the values for separation and
reattachment, a more refined mesh is needed near the
walls. Also, when not using wall functions to solve the
flow, a value for y+ smaller than 1 is required [3]. With
y+ being the distance to the first node away from the
wall.

To have this value that small, a finer grid is required
close to the wall. In this study, the aspect ratio of all

meshes is kept the same as for the laminar flow, with
the exception that a tightening of the mesh elements
closer to the wall is done. Even doing so, the number of
elements is kept proportional when refining the mesh,
to have a result that can be associated between them.

Since the k− ω model can be integrated all the way
down the wall, it is consistent with the no-slip condi-
tion. The solver for the turbulent flow is a segregated
one. It solves for the turbulence variables (k and ω)
separately from the velocity field and pressure, with a
termination criterion being the residual value of 0.1%.

Particle tracing for fluid flow

As it was previously stated, the deposi-
tion/agglomeration locations were of interest when
analysing the exhauster channel. To make it possible
to characterise those locations, the particle tracing
module for fluid was applied. The particle tracing
has a requirement in order to be utilised: the volume
fraction of the particles should be much smaller than
the volume fraction of the fluid phase, usually around
1%.

The motion of the particles is affected through the
drag force, which is based on the properties of the par-
ticles that are used. The particle-particle interactions
and fluid-particle interactions were not included in this
study. It is most efficient to solve the fluid and the par-
ticles phases separately and this is the reason why the
continuous phase study and the particle tracing were
not solved simultaneously.

To allow the particle deposition analysis to be made,
a time frame is needed and to make the particle count-
ing over time possible a time-dependent study is the
coherent choice, which is the case in here.

Particle properties, motion and simulations

The particles were assumed as being liquid particles
that were transported through the steam flow to reach
the exhauster. For that reason, input parameters to
define the particle properties were: density, diameter
(particles are assumed as spheres in COMSOL [11]),
dynamic viscosity and surface tension. The diameter
was variable for all the simulations from 10 to 100 µm
to understand its influence on deposition spots. The
defined density was 980 kg/m3, but simulations were
ran with values of 500 and 2000 kg/m3 as well, to eval-
uate its influence.

Since particle interaction is not considered in this
study, the acting forces in here are the drag force and
gravity. Drag force is a resultant from the flow field
computed before and gravity is a consequence from the
particles size and weight. The Schiller-Naumann Law
was utilised in this study to define the drag force, which
influences the particle response time.

On the inlet, a uniform distribution for particle re-
lease was set, meaning that all particles had the same
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distance between them when starting to move. For the
channel walls, since the objective was to identify de-
position spots, the chosen condition was to freeze the
particles as soon as they interacted with a wall. The
simulations made were of 1.5 to 10 seconds, with a time
step of 0.005 seconds. This introduces a problem, since
a kitchen exhauster never stays turned on for a time
that small amount of time. Even so, the patterns found
for the particle deposition are possible to extrapolate
for a wider window of time.

For the particle tracing, two additional domains were
studied besides B and C. The first one, figure 6, was
a simple test to ensure that all particle sizes that were
used on the previous simulations did arrive at the ex-
hausters entrance.

Figure 6: Stove to exhauster simulation of one particle

The second, was an alternative to try and relocate
the particles that were being deposited in certain loca-
tions of the exhauster’s channel. A removable applica-
tion that could make the flow into a different direction
and that could become the landing spot for a majority
of the particles was the solution found, represented in
figure 7. This was tested for the same dimensions that
geometry B has.

Figure 7: Flow guide vane for particles relocation

5. Results

In this section, a discussion regarding the obtained
results from the previously described methodology is
presented. An analysis and a comparison between
the numerical simulations developed in this work and
the experimental data available from another study
on the exhauster is also undertaken when possible.
The characterisation of the flow inside the channel
is made, analysing different geometries and their be-
haviour compared to each other. All results on this
section are relative to the finer mesh in which the sim-
ulations were done since that is the one with more pre-
cise results.

5.1. Laminar flow

Given the relatively small values of velocities ob-
served at the entrance of the channel for the entire
range of working powers of the exhauster on the ex-
perimental work [2], the first assumption based on the
Reynolds number, was that the regime of the flow was
laminar (table 1).

Table 1: Average velocities and Reynolds number at
channel entrance

Obseved velocity (U)[m/s] Re

Power 1 2.02 1276
Power 2 2.08 1314
Power 3 2.21 1396
Power 4 2.37 1497

The values presented on table 1 are relative to the
average axial velocity (U is on the vertical direction)
at the entrance of the channel. The Re is calculated
using ρ=1.2 kg/m3 and µ=1.9e-5 Pa∗s, properties for
air. For this range of Re, even for the largest value, the
regime of the flow is considered to be laminar ( [9]).

From what was observed on the experimental proce-
dure and assuming that the flow would behave accord-
ing to fluid mechanics theory, two recirculation zones
were expected to be found on the channel, one on the
top right corner and the other at the lower left corner.

Depending on the intensity of the pressure gradient,
the deceleration (∂U/∂x < 0) of the flow can be such
as to make the values of velocity became negative re-
garding the reference being used, when compared to
the rest of the values that are positive. This represents
the reversion of the flow, and consequently causes sep-
aration of the flow. These zones have as characteristic
separation, followed by reattachment of flow on a solid
boundary of the channel. The separation is identified
exactly by the value of the shear stress at the wall (τw).
This takes a value of zero when separation or reattach-
ment occurs, and in-between has a change of sign on
its value from positive to negative and vice-versa.

Since a constant pressure (atmospheric) is imposed
at the end of the channel, simulating the outside pres-
sure, a fully developed velocity profile should be ob-
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served. Also, two recirculation zones are observed on
the channel, one on the top right corner and another
at the left bottom corner. From the shear stress at the
bottom left wall graphic, the separation point is seen,
right after the corner but the reattachment point does
not occur (figure 8).

Figure 8: Wall shear stress on channel’s bottom wall

This is not physically possible, since the reattach-
ment occurs in reality as can be seen on figure 9 from
the experimental work. Due to this, and in order to
understand what length should be used, the channel
was extended until a fully developed velocity profile
occurred and a reattachment point was found.

Figure 9: Velocity profile on experimental work.
(Source: [2])

Extending the channel length, both the situations
that were described above occur only for a channel of
220 mm. The need to achieve this length is not real-
istic since the real channel is not so long. To go along
with that, the reattachment location is found only 68.7
mm from the separation point, which is more than ex-
pected from the experiment. Moreover, a third recircu-
lation zone on the top wall appears and that is the final
demonstration that this is not the expected behaviour
for a flow on this channel.

Due to these inconsistencies, the logical conclusion
that was possible to achieve is that the laminar flow
model used for the simulations is not the most ade-
quate for this case. This also implies that the real flow
is not laminar and, therefore, a turbulent approach is
probably more accurate.

5.2. Turbulent flow
The velocity profile that results from the numerical

simulations is shown in figure 10 and is for an inlet

Table 2: Lenght of recirculation variation with mesh
refinement

hi
h1

Reattachment point (in mm)

2 60.79
1.538 56.45
1.25 53.15

1 49.54

velocity of 2.37 m/s.

Figure 10: Velocity profile for turbulent flow - Geome-
try B

When comparing this profile to figure 9, the one ob-
served in reality, there is a clear resemblance in their
shape and behaviour. Both of them appear where they
were expected to, with reattachment and separation
points close to their real values ( 50mm from the cor-
ner). The lenght of these zones is defined through the
shear stress graphic that is presented next (figure 11).

Figure 11: Lower wall shear stress of geometry B

The point of reattachement has a distance of 49.54
mm from the bottom letf corner of the wall, and
since separation occurs immediatly after the 90◦ corner
(x = 0mm), that makes the lenght equal to 50.46 mm.
This is a value much more in accordance to the one
found in reality. In table 2 there is the variation of the
size of the recirculation zone with the mesh refinement.
It is possible to understand that with the increase in
number of elements there is also a growth on size for
the recirculation, being hi/h1 the most accurate value.

The velocities observed in geometry C on the exper-
imental study were smaller than those on geometry B.
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Its values are: 0.92, 1.02, 1.21 and 1.37 m/s. The val-
ues in velocity are naturally lower in comparison with
geometry B, but there is a higher acceleration inside
the channel. The highest value for velocity is on both
geometries located after the corner, where can be con-
sidered the critical zone of the channel. Also, the re-
circulation zones have a different behaviour when com-
pared to the former. Their lenght is smaller, due to the
lower velocities that were recorded in this geometry.

Recirculation zones characterisation

Not only the lenght of the lower wall recirculation
zone is of interest for both geometries. The thickness
and, consequently, the area also have an impact on the
flow and effienciency of the exhauster. Separation bub-
bles occur when there is reversion of the flow direction
along with adverse pressure gradients. This causes the
emergence of a zone where the flow rate is almost zero.
In the particular case of this problem, the grease parti-
cles that enter this region would remain there and add
up to others.

Figure 12 is a schematic representation of both re-
circulation zones. The highlighted points are: a - reat-
tachment at the lower wall, b - separation at the ver-
tical wall and c - reattachment at the top wall.

Figure 12: Recirculation zones scheme. (Adapted
from [2].)

In the following table (table 3), the interest point
values for both geometries are presented for the small-
est grid size and for the maximum velocity at the en-
trance of each channel. The dimensions in mm have its
beggining at the following locations: for point a, zero
starts at the left down corner at the horizontal channel;
for c, it starts at the lower right corner of the vertical
channel and for b, zero is at the left upper corner of
the horizontal channel.

Table 3: Recirculation zone variables: a, b and c

a (mm) b (mm) c (mm)

Geometry B 50.27 102.31 18.36
Geometry C 62.49 110.20 14.29

Geometry B has a longer recirculation bubble than
geometry C, as can be assessed by comparing the value
of a. For geometry B the bubble’s lenght is 49.73 mm
and for geometry C is 37.51 mm. While the value of
the separation point is larger for geometry B but on

the other hand, the reattachment point is farther from
the upper-right corner for geometry C. Regarding the
thickness, the values were similar with a larger thick-
ness on geometry B, 3.23 mm, to geometry C 2.96 mm.
Hence, geometry B has a larger area where particle de-
position can occur on the lower wall of the horizontal
channel, resulting in greater probability for it to hap-
pen.

5.3. Particle tracing

The result in figure 13, where particle velocity is dis-
played on the right, shows a simulation with particles
for geometry B, so that it is possible to see how the
particles behave for 3 different times. The images rep-
resent 0.04 seconds, which is the time a particle needs
to get to the outlet of the exhauster. In this figure,
particles have 20 mm of diameter and 980 kg/m3 of
density.

(a) 0 seconds (b) 0.020 seconds (c) 0.040 seconds

Figure 13: Particle tracing sequence with 0.04 seconds
of simulation.

In here, particles with 20 mm diameter are spotted
making contact with the wall mostly at the top wall
of the channel and at the vertical left wall. Table 4
summarises the distribution of particles with the first
wall that they make contact with based on their size.

Table 4: Distribution of particles through each wall
based on diameter.

Particle diameter (µm)

10 15 20 25 50 100

Top wall 0 0 1118 2079 2600 2600
Left vertical wall 18 16 3 0 0 0

Outlet 2582 2584 1479 521 0 0

Based on this distribution, it is possible to identify
the top wall as the most probable place for particle
deposition. Even though, a high amount of particles
still arrive at the outlet and the number of particles
that is in contact with the vertical wall is much lower
than the others. The remaining walls do not show any
interaction with particles.

Analysing the distribution based on diameter, their
place of contact with the wall changes with the increase
in size. Bigger particles are found farther from the
outlet, although that is harder to discretise through
numbers, it can be observed graphically. Particles with
50 µm reach a position on the channel closer to the
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outlet than the ones with 100 µm. That positioning
changes according with the increase of particle size.

5.3.1 Alternative geometry

The deposition results for the alternative geometry,
which include a removable guide vane utilised for par-
ticle and flow redirection are shown, as an example, in
figure 14 for particles with 25 µm.

Figure 14: Simulations for the removable application
for particles with 25 µm.

The deposition sits now proeminently on the appli-
cation introduced. From the number of particles de-
posited in each wall, a reduction of 18.63% was calcu-
lated. In figure 15 it is shown that, for particles with 35
µm, getting to the exhauster exit almost never occurs,
and that it is independent to the velocity of suction.

Figure 15: Particle distribution graphic for 35 µm di-
ameter with guide vane

5.4. Channel losses
The value of pressure was taken and the pressure

drop between the inlet (atmospheric pressure) of the
channel and that point was obtained.

When comparing to the experimental study, there is
a considerable difference in the obtained values. In [2],
the magnitude of the pressure drop value ranges from
approximately 15 Pa to 25 Pa. Also, the trend found
in that same work shows an increase of the pressure
drop value along the channel when the inlet velocity
also increases.

The values found for pressure drop are presented in
table 5.

When comparing them with the ones found in the
experimental work, it is notable that these values are
much smaller than the before mentioned. Nonethe-
less, the same behaviour observed in the experiment

Table 5: Pressure drop (∆p) in Pa for geometries B, C
and B with guide vane with minimum and maximum
velocity.

Geometry B Geometry C Geometry B w/ guide vane
Vmax Vmin Vmax Vmin Vmax Vmin

∆p 5.47 3.98 7.51 3.43 5.21 3.39

occurs, since the pressure drop increases with the in-
crease of the suction velocity for all cases. On the other
hand, a different result was obtained regarding which
of the configurations had a higher pressure drop. For
geometry B, values were higher than on geometry C
on the experimental work, whereas in here geometry C
presents the highest pressure drop. There is a higher
energy loss with the increase on the inlet velocity of
the exhauster.

Considering this is an analysis of a sharp corner, it
may be relevant to evaluate the evolution of the lo-
cal pressure loss coefficient K. The values found for
it were the following (corresponding to minimum and
maximum inlet velocities): for geometry B, 1.659 and
1.623; for geometry C, 6.76 and 6.48 and for the guide
vane geometry, 2.17 and 1.41. These values reveal that,
in contrast to what was found in the experiment, ge-
ometry B is less afected by the corner effects that are
present in the channel, than geometry C.

Including the guide vane into the channel would have
small influence in terms of energetic efficiency since it
has a smaller pressure drop than geometry B alone, but
on the other hand has a higher pressure loss coefficient.
Adding the evidence provided by the particle simula-
tions, it could be beneficial to add the guide vane.

6. Conclusions

In this work, the flow inside a kitchen exhauster
was investigated. A 2 dimensional model of the chan-
nel with the proper assumptions was implemented and
simulations were ran through a commercial software.
The main conclusions are hereby listed:

1. The flow regime that is present inside the channel
is turbulent instead of laminar.

2. There are two recirculation zones inside the chan-
nel. The bigger, more critical one is on the bottom
wall of the suction channel. Here, due to its lenght
and almost non existent velocities, an area for par-
ticle settlement is expected.

3. Particles with less than 25 µm are easily filtered
in the exhauster. These particles are smaller and
lighter, and they reach the outlet of the channel
(which corresponds to the filters) for every velocity
used in the simulations. On the other hand, bigger
particles are more frequently found attached to
walls.
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4. The more common location for deposition is the
top wall inside the channel, above the right-angled
corner. In here the drag forces from the airflow are
greater and have a strong influence on the parti-
cles, ”throwing” them upwards.

5. A larger entrance for the channel test resulted in a
reduction in velocity inside it and also a decrease
in the recirculation zone length.

6. A removable application for the exhauster de-
creased the amount of particles that were found
on walls by 18.63%.

7. Geometry B is more energetically efficient than ge-
omtry C. It has a smaller pressure drop (∆p) from
inlet to the interest point, and also a smaller pres-
sure loss coefficient (K). The guide vane solution
slightly increases the value for K, but reduces the
pressure drop - making it a viable solution, since
it adds the opportunity to have a removable ap-
plication inside the channel.
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