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Abstract
The present dissertation is focused on the experimental assessment of a perimetric exhaust. Special consideration regarding the flow features most likely to affect the uncontrolled grease deposition in the right-angled
channels of the exhaustion system (channels) and the excessive energy consumption will be given. A Smoke
Flow Visualization technique is employed at the exhaust’s entry region to identify its representative aspiration pattern, followed by a characterization of the flow field in this region and inside the typical right-angled
channels present in these exhausts, using the PIV technique. Two distinct geometries of the right-angled channels are compared to assess the impact of the channel’s configuration on the flow related problems. Vorticity
(ω) and strain rate (S) results indicate that the new geometry brings improvements regarding the existing
geometry, showing a lower momentum flux transfer and a lower swirling capacity, causing the flow to be more
stable. The separation bubble’s dimensions are calculated for both geometries to quantify the regions where
the uncontrolled grease deposition is more bound to occur and the areas where there is an unnecessary energy consumption. A pressure drop ∆p analysis throughout the right-angled channel is undertaken for both
geometries to assess the energetic losses in the system.
Keywords: Perimetric exhaust, right-angled channel, PIV, grease deposition, vortical structures.

Sharp-edged corners frequently cause flow separation
due to localized large pressure gradients in these zones,
creating a free shear layer over a certain region, characterized by a strong shear and vorticity. An unsteady
free shear layer is framed as one of the main causes of
structural load damages over time [4]. Being that the
growth rate of a free shear layer is lower for laminar
than for turbulent flows, the effects of mass entrainment and mixture are more prominent for the latter
regime, increasing momentum, mass and energy transfer rates [5]. In [6] is specified that, for certain values
of channel’s width, the vortical structures generated
by the flow separation ultimately stop growing as the
Reynolds number increases. A great quantity of positive vorticity is generated at the the corner edge, be2. Bibliographic Review
A perimetric exhaust is a mechanical system that ing convected downstream forming a shear layer. A
pulls air to its interior through a slit with the shape characterization of the flow nature must then be emof the exhaust’s bottom plate perimeter, instead of the ployed with the aim of understanding the magnitude
more traditional grids existing in the conventional do- at which the flow can be affected, concerning the relevant features in the study. Additionally, in [7] it is
mestic systems.
stated that, in non-circular ducts, the secondary flows
An important component of the exhaustion systems
convect momentum and energy towards the wall and
is the grease filter. This element allows the retention
that the pattern of the flow is not influenced by the
of particles, avoiding these to be accumulated in the
increase of the Reynolds number. However, this hyexhaustion pipes and to damage the fan. It is then
pothesis is checked in this work with more accurate
imperative to entirely understand the phenomena inand advanced experimental methods. Furthermore, it
volved in the optimization of the flow parameters that
is specified in [8] that lower mass transfer coefficients
can influence the grease deposition in the exhaustion
are present in the first half of the inner wall, increaspipes and the excessive energetic consumption.

1. Introduction
Presently the use of exhaust systems in a domestic environment is very common to remove thermal
load and vapours by an emitting source, resulting in
a growing worry about the optimization in these systems. This fact lead to an increasing concern regarding
the air filtering, not only due to the people’s growing
awareness, but also due to the restrictive rules imposed
by the European Comission [1]. The domestic exhaust
systems are then obligated to include an energy label where the final customer is informed, among other
things, about the grease filter efficiency and the energetic consumption [2, 3].

1

ing after the corner, which can be highly correlated
with the flow nature in 90 degree channels. Despite
this, none of the mentioned works predicts and quantifies the impact of a geometrical change of the channel
in the flow phenomena related with the uncontrolled
grease deposition and the energy consumption. This
work aims to evaluate two different configurations of
the typical right-angled channels present in perimetric exhausts, finding out the influence of this aspect in
the flow nature and also in the features concerning the
grease deposition in the exhaustion pipes.
On the other hand, the energy losses in a piping system can be divided in two different categories: line
losses, mostly concerned with the effects arisen from
the energetic consumption due to the shear stresses at
the wall of the piping systems, and the local losses,
mainly related with the energetic consumption that
emerge from the existence of secondary flows, including the regions where the flow is not fully developed.
In this work, the evolution of the local pressure loss
coefficient K is assessed for both geometries to attain
a comparative study of the degree of energetic losses
throughout the channel.

inducing three different suction velocities (V1 , V2 and
V3 ), triggering the aspiration of the pollutant fumes
through a slit along the exhaust’s base perimeter with
10mm of width, which is also the width of the internal channels. To facilitate the analysis, the exhaust
was divided in four different sides, as it can be seen in
Figure 1.

Figure 1: Sides under analysis in the perimetric exhaust.
In each of these sides, all the measurements were
taken according to a Cartesian axis located at the
bottom-left corner of each side.

3. Objectives
Taking into consideration all the critical features
mentioned in previous works and with the motivation
of improving the performance of the exhaust under
study, an analysis regarding the phenomena that can
lead to the uncontrolled grease deposition and to the
excessive energy consumption will be made. A characterization of the flow entering the exhaust and inside it
will be performed to understand the general behaviour
of the existing mechanism. Two different geometries
of the interior right-angle channels will be tested and
compared, being that the main objective is to lessen
the uncontrolled grease deposition in the exhaustion
pipes and the system’s excessive energy consumption

4.2. Acrylic Prototype Overview
To avoid damaging the exhaust under scrutiny when
performing the internal exhaustion channels analysis,
an acrylic prototype was built in the laboratory to simulate the working conditions of the system. Figure 2
illustrates the analogy between the right-angled channels present in the exhaust and in the acrylic prototype.
The width of the vertical section of the channel H
was varied in this study, leading to two different geometries, 10 mm (Geometry A) and 20 mm (Geometry
B). The height of the horizontal section of the channel
e was kept constant and equal to 10 mm.

4. Experimental set-up
The experimental methods of Smoke Flow Visualization, Particle Image Velocimetry (PIV) and pressure
measurements were carried out. The first two stated
methods are flow visualization techniques used to comprehend the flow pattern and to quantify the flow velocity field, respectively. The latter technique is used
to determine the coefficient of local pressure loss at the
corners of the channel. To obtain a complete description of the flow in a perimetric exhaust, two systems
were studied: a perimetric exhaust and an acrylic prototype built in the laboratory to replicate the exhaust’s
working conditions.

Figure 2: Analogy between the right-angled channels
present in exhaust and the acrylic prototype assembled.
4.3. Experimental Methods
4.3.1 Smoke Flow Visualization
This visualization technique was chosen because it is
a non-intrusive method and it could give a perception
of what to expect in the further PIV tests [9].
The technique is based on the principle of tracking
an air stream flow, while the flow is illuminated by a
continuum laser beam at the same time that a camera,

4.1. Exhaust Overview
The exhaust under study is a metal hood perimetric exhaust model. It has three working powers besides the off position (P1 , P2 , P3 ) which are associated
with three different air flow rates entering the system
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positioned perpendicularly to the beam, records pictures and videos to perceive the airflow characteristics.
The tracking particles are responsible to make the flow
visible when lighted by the laser and are called seeding. In this case, the seeding chosen was liquid paraffin,
to simulate a real kitchen environment, where a high
concentration of greasy fumes is present. In order to
produce a dense mist of particles suitable for tracking,
the liquid paraffin was put in a cyclone with an entry
of pressurized air that transform the tracer into fine
droplets that leave by the exit tube of the cyclone. Finally, this mist of paraffin was expelled by a reck, which
consists in a plastic tube with 5 holes with 4 mm of diameter each to create a stable and dense atmosphere
of droplets in the air stream.
Series of videos of 10 seconds were recorded with the
exhaust turned on the three available powers (P1 ,P2
and P3 ) and focused in the slit of side D (Figure 1).
To process the videos taken during the experimental
procedure, a Matlab routine was written. This program receives as an input two videos in .avi format,
one with the paraffin mist dispersed in the main stream
aspired by the exhaust and another video with the experimental setup and the exhaust turned off to obtain
an image of the background. The first video was decomposed in 250 frames and, in the second video, only
one frame was chosen, since all the frames were similar.
This frame is then subtracted to the set of frames of
the first video and finally an image of the average flow
pattern is obtained.

Figure 3: Experimental set-up used during the PIV
tests. 1 is the paraffin reck, 2 is the camera, 3 is the
Double Pulsed Laser, 4 is the exhaust, 5 is the supportive structure and 6 is the acquisition system.
els/millimeters, employing a target positioned in the
interest zones of the objects under analysis. The correlation between image-pairs to calculate the 2-D velocity
maps was performed resorting to the Cross-correlation
method. During the post-processing a window size of
64x64 pixels was used. Subsequently to the correlation process, a range validation process was engaged
to eliminate the velocity vectors out of the expected
velocity range. The ultimate outcome of this process
is an average velocity map representing the flow behaviour.
4.3.3

Pressure drop measurements

All the pressure drop measurements between the
channel’s entrance and the interest point were perThe Particle Image Velocimetry (PIV) method con- formed for both geometries of the acrylic prototype
sists on the indirect calculation of velocity fields from (Geometry A and B), where the induced suction velocimages of seeded flows [10]. The measurement of the ities were varied. During this experimental assessment
velocity field can be executed by illuminating the parti- a static pressure probe tube was used. This tube was
cles inserted in the airflow using a Double Pulsed Laser connected through a hose to a low range differential
focused on the interest area, that produces a planar pressure sensor, which was connected to an acquisition
sheet of green light. This laser causes the flow to be microcontroller, as it is shown in Figure 4.
detected by illuminating the marking particles in two
consecutive frames that are recorded by a high-speed
camera, synchronized with the Double Pulsed Laser
by a synchronizer connected to an acquisition system.
The two-dimensional velocity field can then be calculated by correlating the two successive frames, knowing
the time interval between the two pulses of the Double Pulsed Laser, as well as the distance travelled by
the marking particles during this time interval. As in Figure 4: Set up used during the pressure drop meathe Smoke Flow Visualization procedure, the chosen surements installation where 1 is the static pressure
seeding material was atomized paraffin.
probe tube, 2 is the differential pressure sensor and 3
In order to support both the exhaust and acrylic is the microcontroller.
prototype during the experiments, a metallic structure,
detailed in Figure 3, was used throughout the analysis.
A pressure tap of 1 mm diameter was done in the
For each zone analysed in the perimetric exhaust upper wall of the acrylic prototype to fit the needle
and in the acrylic prototype, a calibration image of the static pressure probe tube. This pressure tap
was taken to specify a scale for the relationship pix- was located at 70 mm from the entrance region of the
4.3.2

Particle Image Velocimetry
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right-angled channel for geometry A and 80 mm for
Geometry B to avoid effects from the secondary flow
emerging after the corner. The static pressure probe
tube acquires information of the static pressure at the
wall in the interest point, transmitting it through the
hose to the sensor. In turn, the sensor transmits the
difference between the atmospheric pressure and the
perceived pressure in an analogic signal to the microcontroller that displays the value of the pressure drop.

by the exhaust. The reference velocity values at the
exit were obtained by dividing the flow rate by the suction area of the exhaust (V1,ideal , V2,ideal and V3,ideal ).
Figure 6 details the area used in the calculation and
the symmetry axis of the exhaust.
By mass conservation, the air flow rate expelled by
the exit of the exhaust should be the same as the one
entering by the slits. However, this does not occur because the pressure drop across the exhaust is not the
same in all sides, which causes the velocities obtained
by the PIV method to be slightly below the reference
values. Besides, the aspiration of the exhaust cannot
be assumed as uniform, since the engine is displaced
to the back of the exhaust and for that reason, it is
expectable that this region (side B) will aspire more
mass flow, causing higher suction velocities than in the
remaining sides. Figure 7 presents the velocity profiles
obtained through the PIV method from the velocity
vector maps, and also the reference values of the suction velocities. In the case of side C, only one zone of
this side was analysed to verify the symmetry of the
aspiration pattern of the exhaust.
The first conclusion to be taken from the velocity
profiles (Figure 7) is that the regions closer to the
exhaust’s engine have profiles closer to the reference
values, as can be comproved by the profiles of side B
depicted in Figure 7(b).This indicates that the aspiration capacity is higher in the back of the exhaust,
which can cause the flow to bend towards this region.
Table 1 presents the average velocities collected in the
four sides of the exhaust represented in Figure 1.

5. Results
Results obtained through the experimental methods previously described are presented in this section.
Quantitative and qualitative analysis are taken from
the flow nature, for both the exhaust and right-angled
channels designed in the acrylic prototype, as well as
some conclusions referring to the pressure drop assessment.
5.1. Perimetric exhaust
5.1.1 Smoke Flow Visualization
The exhaust was placed around 70 cm above the
stove in the supportive structure.
Although all videos had been recorded in side D during this analysis, the behaviour of the amount of flow
aspired by this slit was extrapolated to the entire exhaust aspiration perimeter, assuming that the flow pattern does not differ much from side to side.
Figure 5 shows the steps of this analysis for the case
when the exhaust is turned on the second operation
power (P2 ).
Figure 5(a) presents one frame obtained from the
video recorded during the exhaust aspiration before
the post processing. In order to obtain an average
flow with minimum error, a background image like the
one depicted in Figure 5(b), is subtracted to the set of
frames of the first video. The output of this process,
presented in Figure 5(c), is an image representing the
average of all frames exhibiting the flow entering in the
exhaust. Looking to Figure 5(c), it is observable that
the exhaust can extract the air reaching the slit region.
A great part of the air comes from the sides of the exhaust, which can be undesirable since it demonstrates
that some of the energy spent is used to extract ”clean”
air.

Table 1: Average velocities in the entry region Vy in
each side of the exhaust. [m/s]
Side A Side B Side C Side D
V1 0,67
1,35
0,57
0,45
V2 0,82
1,96
0,99
0,85
V3 1,29
2,18
1,25
0,97

Although it was expected that the air flow aspiration of the exhaust was not symmetrical with respect
to the x symmetry axis due to the displacement of the
engine to the back of the exhaust, the results revealed
that the symmetry with respect to the y symmetry axis
(represented by the blue dashed line in Figure 6) is also
5.1.2 Velocity map in the entry region
not guaranteed. The representative velocity profiles of
As in the previous analysis, the exhaust was placed side C depicted in Figure 7(c) show a larger difference
70 cm above the stove in the supportive structure. Sev- between the first suction velocity V1 and the second
eral measurements of the velocity field were performed suction velocity V2 (∆12), while the representative vein the four sides of the perimetric exhaust for the three locity profiles of side A presented in Figure 7(a) show a
available powers to obtain an average value of the ve- larger difference between the second suction velocity V2
locity in each side (V1 , V2 and V3 ). This analysis was and the third suction velocity V3 (∆23). Furthermore,
achieved resorting to the PIV method. The velocity the PIV measurements revealed an opposite aspiration
profiles in each side achieved were compared with ref- pattern from the one exposed by the reference velocerence values obtained from the flow rate at the exit of ities, since these display a larger difference ∆23 than
the perimetric exhaust, assuming uniform aspiration ∆12, and only side A respects this evolution.
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(a) Unprocessed frame of the paraffin (b) Frame of the background of the (c) Average image of all frames exhibitmist entering the exhaust.
system.
ing the flow entering in the exhaust.

Figure 5: Example of the Smoke Flow Visualization post-processing with the exhaust in the P2 power.
velocity associated with the mass flow rate induced by
the power P4,ac of the VARIAC was assumed to be the
nominal velocity for both geometries. For the remaining velocities, the right-angled channel is considered to
be in partial load.
Table 2: Average axial velocities at the entrance of
the right-angled channel of the two geometries analysed
[m/s].
Geom. A Geom. B
V1,ac 2,02
0,92
V2,ac 2,08
1,02
V3,ac 2,21
1,21
V4,ac 2,37
1,39

Figure 6: Bottom view of the perimetric exhaust illustrating the suction area (in grey) and its respective
symmetry axis (blue dashed line).

Turning now to the comparison of the performance
of the two geometries designed in this study (Geometry A and B), reference values were defined in order
5.2. Acrylic Prototype
to make the quantities of interest dimensionless. The
5.2.1 Flow Characterization
system of reference values was then established by ρ, e
and
Vref , where the last quantity is the suction velocity
At the inlet of the acrylic prototype, the axial velociinduced
in the flow by the VARIAC power P4,ac . The
ties Vy entering the channels could be tuned to achieve
velocity
field
in the right-angled channel was made dithe same range of working conditions as those achieved
mensionless
by
the same Vref , as Equation 1 presents,
in the perimetric exhaust. The characteristic velocito
enable
the
comparison
of the two geometries.
ties at the entrance of the right-angled channel were
obtained using the PIV method, where four different
|V |
Vad =
(1)
aspiration mass flows were imposed by using four difVref
ferent VARIAC powers (P1,ac = 100V , P2,ac = 110V ,
P3,ac = 120V and P4,ac = 130V ), inducing distinct
Figure 9 presents the colour maps of the dimensionvelocities in the flow.
less velocity field throughout the right-angled channels,
Figure 8 illustrates the right-angled channel under overlapped by the velocity vectors of the flow for the
study replicated in the acrylic prototype, where e is geometries under study. In this analysis it is only repthe height of the horizontal section of the channel and resented the case where the imposed suction velocity is
H is the width of the vertical section of the channel.
V4,ac , since this velocity is considered the nominal one.
Two different geometries of the channel were studied
As it can be confirmed, for both geometries the maxto investigate the changes in the flow behaviour. Dur- imum velocity in the channel is observed at the bottleing all the tests, the height of the horizontal section of neck of the channel, being that this zone can be conthe channel e was kept constant and equal to 10 mm, sidered the critical zone of the flow. Despite this, as it
and the width of the vertical section of the channel H can be seen in Figure 9(a) comparing with Figure 9(b),
is either 10 mm (Geometry A and real configuration of there is a bigger acceleration in case of geometry A than
the channel in the perimetric exhaust) or 20 mm (Ge- in geometry B. The mean velocity in the bottleneck
ometry B). In Table 2 are depicted the average axial of geometry A reaches values about 2.6 bigger than
velocities at the inlet of the right-angled channel. The the reference velocity. Moreover, this analysis revealed
5

(a) Velocity profiles in side A.

(b) Velocity profiles in side B.

(c) Velocity profiles in one zone of
side C.

(d) Velocity profiles in side D.

Figure 7: Comparison between the reference velocities and the velocities obtained resorting to experimental
methods of the perimetric exhaust.

(a) Dimensionless velocity map Vad throughout the rightangled channel for geometry A.

Figure 8: Schematics of the righ-angled channel under
analysis and respective interest variables.

that, for high suction velocities, there is an approximation of the flow streamlines to the corner, as it is
stated by E. Brundrett et al. [7]. By mass conservation,
the mean axial velocities Vy are bigger in Geometry A
than Geometry B, as a result of the smaller width of
the vertical section of the channel H. This effect origins
a larger thickness of the bottom separation bubble in
the bottleneck region in the case of Geometry A, causing larger velocities in this geometry than in Geometry
B.
Seeing that the high velocity zones are in the bottleneck zone for both geometries due to the decrease of the
effective area in this region, it is expected that these
zones have also the highest vorticity. This quantity is
defined as the rotational of the velocity, as Equation 2
describes for the 2-D situation.

(b) Dimensionless velocity map Vad throughout the rightangled channel for geometry B.

Figure 9: Dimensionless velocity maps Vad for both
geometries for the suction velocity V4,ac .

~ =
ω
~ = rotV

∂Vy
∂Vx
−
∂x
y

(2)

Concerning the comparison of this quantity for geometry A and B, the vorticity field was made dimensionless as it is depicted in Equation 3.
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smaller the radius of curvature of the streamlines, the
higher the centrifugal component acting on the particles, projecting them against the wall. Once geometry
Figure 10 represents the colour maps of the dimen- A has a larger curvature of its streamlines than geomsionless vorticity fields in the region of interest for the etry B, the effect of centrifugal forces is more bound
two geometries under study and an illustration of the to occur in this geometry. On the other hand, when a
mean streamlines of the flow.
particle enters inside the separation bubble, or if the
shear stresses are not strong enough to carry the particles through the channel, the only force acting is its
own weight, causing the particles to settle in this zone.
An additional important quantity to be analysed is
the 2-D strain rate tensor, defined by Equation 4.


∂Vy
1 ∂Vx
+
(4)
S=
2 ∂y
∂x
ωad =

ω.e
Vref

(3)

This variable, when multiplied by the dynamic viscosity µ, establishes a proportional relationship with
the shear stress tensor, to which is associated the physical meaning of momentum flux. As for the variables
previously analysed, the strain rate was made dimensionless in order to compare the momentum flux in geometries A and B, as it is characterized in Equation 5.

(a) Dimensionless vorticity map ωad throughout
the right-angled channel for geometry A.

Sad =

S.e
Vref

(5)

Figure 11 displays the dimensionless strain rate’s
colour maps along the right-angled channel of the two
geometries with an imposed suction velocity of V4,ac .

(b) Dimensionless vorticity map ωad throughout the
right-angled channel for geometry B.

Figure 10: Dimensionless vorticity maps ωad for both
geometries for the suction velocity V4,ac .
As it was expected, looking at Figure 10(a) and Figure 10(b), it is clear that both geometries A and B
have the highest vorticity values at the bottleneck of
the channel, above the separation zone of the bottom
wall. This is in accordance with the previous results
since the velocities inside the separation bubble tend
to zero and the maximum velocities appear just above
the separation bubble, in the bottleneck. This cause
the velocity gradients to be almost null inside the separation bubbles and maximum at the regions with high
gradients. Furthermore, geometry A has higher vorticity in this zone than geometry B, since the first term
of Equation 3 is the dominant effect concerning this
quantity and it is higher for geometry A than for geometry B. This result is consistent with the dimensionless velocity fields obtained and demonstrated in
Figure 9, indicating a free shear layer above the recirculation zone at the bottom wall and a boundary
layer at the upper wall, with counter-rotating vortical
structures next to the separation bubbles at the right
angle. In flows carrying particles, due to the curvature
of the characteristic streamlines of the flow, there is a
force balance between the shear stresses, the centrifugal forces and the own weight of the particles. The

(a) Dimensionless strain rate map Sad throughout the
right-angled channel for geometry A.

(b) Dimensionless strain rate map Sad throughout the
right-angled channel for geometry B.

Figure 11: Dimensionless strain rate maps Sad for both
geometries for the suction velocity V4,ac .
Looking at Figure 11(a) it is observed that in the
case of geometry A, the high strain rate zones are
wider and more intense than those depicted in Figure 11(b) for geometry B. It is verified, in cases like
those depicted, that there is a diffusive momentum flux
from the zones with high positive strain rate levels to
7

the zones with small positive levels, causing a diffusive
transport to standardize the property value across the
space. Despite this, a dissipative character is associated to the negative strain rate, such that it is more
bound to occur energy loss in those regions. In this
case, it is visible that geometry B has smaller gradients of strain rate across the right-angled channel than
geometry A, which means that for the latter geometry
it is more bound to occur energy dissipation, which is
an undesirable effect.
5.2.2

line was to perform the cumulative sum of Vx in order
to the vertical coordinate y, beginning at the bottom
wall and ending at the upper wall, from the velocity
maps obtained from the PIV analysis. This was done
to attain the cumulative mass flow rate until this value
reached zero, as Equation 6 depicts. The respective y
coordinate was then saved to be part of the delimiting
line of the separation bubble (ysb ). This procedure was
repeated for five different velocity profiles (points 1 to
5 of the bottom separation bubble in Figure 12) for the
four induced velocities to accomplish five line points in
each case.

Separation Bubble’s analysis

As the above results suggest, the existence of rightangled channels origins a bottleneck in the flow causing
effects that are unwanted, like the energy transfer to
the separation bubble’s region, where the stagnation
zones of the flow are located. A separation bubble appears in a flow whenever reverse flow associated with
an adverse pressure gradient is present and it represents the region where the flow is almost stagnated.
In this region, a part of the forward motion of the flow
compensates the backward motion, generating a region
where flow rate is zero.
Figure 12 presents a schematics of the separation
bubbles present in the right-angled channel and also
the quantities taken into account, where the underscript b and t stands for the variables concerning the
bottom and top separation bubbles, respectively. Here
t corresponds to the separation bubble’s thickness, L
to the horizontal elongation and A to the area affected
by the separation bubbles.

Z

ysb

Vx (y)dy = 0

(6)

0

Since it is assumed that the flow is stagnated inside
the separation bubbles, the flow rate at the bottleneck
must be the same in the regions not comprehended
by the separation bubbles, by mass conservation. It
was then possible to perform the cumulative sum of
the flow rate until this value was equal to the nominal
flow rate inside the channel. To represent the upper
delimiting line, the same procedure here described was
repeated for three velocity profiles (points 1 to 3 of
the upper separation bubble in Figure 12), completing
three line points. In order to perform an appropriate
comparison concerning the separation bubble’s features
for geometry A and B, the quantities of interest were
made dimensionless (t/e,L/e and A/e2 ).
Figure 13 displays the evolution of t/e of both separation bubbles with the increase of the suction velocity
for geometries A and B.
Concerning the bottom separation bubble, it is observable in Figure 13(a) that t remains almost constant
with the increase of the suction velocity for geometry
B. In contrary, there is an increase to some extent for
geometry A for the highest velocity due to the higher
axial velocities Vy just before the corner. The existence
of a sharp corner at 90 degrees implies higher centrifugal forces with the increase of the velocity, making the
flow penetrate more into the channel. On the other
hand, looking at Figure 13(b) there is a clear decrease
in thickness of the upper separation bubble, which is
in accordance with the increasing penetration in the
upper corner of the channel with the growth of the
suction velocity for both geometries. Moreover, geometry B has a larger thickness of the upper separation
bubble than geometry A, meaning that geometry B is
more constricted in this variable than geometry A.
With the evolution of the pertinent features of the
separation bubbles completely defined, it is important
to represent the extent of the area affected by the separation bubbles (A) in the channel. This quantity indicates the most probable area for the deposition of
grease material since it translates the area where the
flow is stagnated. Once again, this variable was made
dimensionless.

Figure 12: Schematics of the separation bubbles and
respective quantities of interest.
As Figure 12 details, the representative line which
delimits the separation bubble starts at the inner corner of the channel, where the flow detaches from the
surface and the horizontal component of the velocity
field (Vx ) at the wall is zero. It reaches its maximum
in the section where the reverse flow is maximal, and
ends where Vx is no longer negative in the channel. In
the same way, the line in the top begins where the flow
starts to bend and it ends where the flow reattaches
to the upper surface of the channel. The adopted way
to resolve the bottom separation bubble’s delimiting
8

(a) Evolution of the thickness t for geometry A and
B for the bottom separation bubble.

(a) Evolution of the bottom separation bubble’s
area Ab for geometry A and B.

(b) Evolution of the thickness t for geometry A and B
for the upper separation bubble.

(b) Evolution of the upper separation bubble’s area
At for geometry A and B.

Figure 13: Comparison of the thickness of geometries Figure 14: Comparison of the separation bubble’s area
A and B for both the bottom and upper separation for geometries A and B with the increase of the suction
velocity.
bubbles with the increase of the suction velocity.
Figure 14 presents the evolution pattern of the area
affected by the bottom and upper separation bubbles.
The outlined evolution described by Figure 14(a)
shows a greater affected area by the bottom separation bubble for geometry A than the one for geometry
B. This result is in agreement with the outcomes of
13(a), supporting the premise that higher velocities at
the entry region of the right-angled channel leads to
the growth of the bottom separation bubble. Besides
that, geometry A appears to be more susceptible to the
effect of the increasing suction velocity concerning the
bottom separation bubble area than geometry B.
In opposition, Figure 14(b) depicts a larger affected
area of the upper separation bubble for geometry B and
also a greater growth with the increase of the suction
velocity than for geometry A. This is due to the larger
width of the channel’s vertical section for this geometry
than for geometry A, where the reattaching point of the
flow to the upper wall happens at a greater distance.
5.2.3

puted. With an increase of the suction velocity V , the
pressure drop also increases along the channel. This
means that the static pressure in the point of interest is successively inferior for superior suction velocities, which can be translated in terms of energy losses.
Since pressure has also the connotation of energy per
unit volume it is perceptible that, for high values of
suction velocities, there is an overall energetic lowering
per unit volume. Moreover, it is notable that geometry
A has superior values of pressure drop ∆p than geometry B, causing the latter geometry to have a greater
energy content per unit volume than geometry A.
The evolution of the local pressure loss coefficient K
with the increase of the suction velocity and respective trend lines for both geometries are reproduced in
Figure 15.
Looking at the plots of Figure 15 it becomes apparent that K has a downward linear trend with the
increase of the suction velocity V. For that reason, it
can be stated that the local losses associated with the
channel’s corner lose some influence for bigger induced
suction velocities at the entrance of the channel.

Losses in the channel

Pressure measurements were achieved in the acrylic
prototype with the method described previously. Thus, 6. Conclusions
the pressure drop between the interest point and the
The goal of this work was the experimental assessentrance of the channel (∆p = P1 − Patm ) can be com- ment of a perimetric exhaust’s aspiration pattern and
9
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