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Khelifi, M., Robert, J.-L. and Lague, C. 1996. Modeling airflow
inside and around hoods used for pneumatic control of pest
insects. Part II: Application and validation of the model. Can.
Agric. Eng. 38:273-281. To optimize the design of pest control
machines, the airflow inside and around blowing and suction hoods
of different configurations for the specific case of pneumatic control
of Colorado Potato Beetles (CPBs) was numerically modeled. Such
predictions of airflow patterns can help in locating the optimal zones
for CPB removal for a given configuration. Preliminary results show
that two particular hood configurations (horizontal blowing and
simultaneous oblique blowing and suction) that generate different
airflows across the potato plant foliage are the most promising.
Airflow inside and around these two configurations was further
investigated using the contour element concept. This allowed airtlow
modeling at the wall level. Evaluation of the numerical model per
formance proved its validity and capability in adequately predicting
airspeeds. Results are sufficiently accurate and detailed to serve as
the first stage of the design process. Keywords: modeling, airflow,
finite element, design, pneumatics, pest control, potato.

Pour optimiser la conception de machines destinees acontroler les
insectes nuisibles, I'ecoulement de l'air a l'interieur et autour des
buses de soufflement et d'aspiration placees selon differentes con
figurations a ete numeriquement modelisc (it des fins de controle du
doryphore de la pomme de terre (DPT». La prediction du patron
d'ecoulement de l'air pourrait aider it localiser les zones propices a
l'elimination du DPT pour une configuration donnee. Les resultats
preliminaires montrent que deux configurations, soil Ie simple souf
flement horizontal, soit Ie soufflement et I'aspiration obliques
simultanes, sont prometteuses. L'ecoulement de l'air it I'interieur et
autour de ces deux configurations a ete examine en detail en intro
duisantla notion d'element de contour pour modeliser I'ecoulement
de l'air au niveau des parois. L'evaluation des performances du
modele numerique prouve sa validite et son aptitude it predire
adequatement les vitesses de l'air. Les resultats sont suffisamment
precis et detailles pour' servir a la conception prcliminaire de ces
machines. Mots des: modelisation, ccoulement de I'air, elements
finis, conception, pneumatiques, controles des insectes nuisibles,
pomme de terre.

INTRODUCTION

For a long time, the use of chemicals in agriculture has
contributed to the increase of crop yields. However, some
insects such as the Colorado Potato Beetle (CPB) have be
come resistant to many insecticides, including those that

were very effective at one time (Forgash 1981; Boiteau et at.
1987). In some areas, these applications have contaminated
the environment and created public health problems.

For the past few years, many attempts have been made at
investigating alternatives to insecticide application. The use
of pneumatic systems to remove the CPB from potato plants
has attracted the attention of many growers. Some machines
were designed and tested in potato fields; however, none of
these machines currently provides complete satisfaction
(Boiteau et at. 1991; Duchesne and Boiteau 1992; Puttre
1992). This is mostly attributed to the inadequate design of
the operating units. Khelifi et at. (1992) also reported a lack
of scientific data on pneumatic control of insect pests. In
deed, only very few studies have been done on this particular
subject (deVries 1987; Misener and Boiteau 1991, 1992).

Pneumatic control of the CPB is a complex process. Its
efficiency depends on many factors including: the variability
in the gripping ability of the insects at different growing
stages, the potato plant geometry, and the resistance of crop
foliage to airflow. The success of this technique appears to
depend upon an appropriate design of the control units, Le.
the hoods. The main factors that have to be taken into consid
eration are the geometry or the shape of the hoods, which
greatly affects the airflow pattern at the plant foliage level,
the dimensions of the hoods, their position relative to the
plants, and obviously the airflow rate that the hoods can
deliver.

The selection of the optimal hood geometry also depends
on many factors such as the growing stage of the plants and
the mode of action planned, Le. total or partial coverage of
the plants by suction, blowing, or a combination of both.

Experimentally, Dalla Valle in 1930 (Burgess et at. 1989)
was the first researcher to investigate the capture velocity in
front of hoods of different shapes. Dalla Valle derived for this
purpose some empirical formulas. However, according to
Flynn and Ellenbecker (1986), the capture velocity is not an
adequate design parameter capable of providing the neces
sary information.about the performance of hoods. Recently,
many researchers like Flynn and Ellenbecker (1986, 1987),
Ellenbecker et at. (1983), and Conroy et at. (1988) investi-
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gated the performance of hoods in the presence of an airflow
perpendicular to the air suction direction. They used a more
appropriate index, the capture efficiency. It was simply de
fined as the proportion of particles captured among those
released by the process to be controlled. According to Bur
gess et at. (1989), the use of the notion of capture efficiency
as a design tool is very limited. Indeed, the research at this
level is still at a preliminary stage and has only dealt with low
air velocity, i.e. the terminal velocity of dust particles which
is not appropriate for pneumatic control of pest insects.

The objective of this study was therefore to numerically
model, by the finite element method, the airflow inside and
around hoods arranged in si~ple geometries (air suction or
blowing) and in more complicated ones (combinations of two
to three hoods). This presents the advantage of predicting
airflow patterns which allows for the detection of the most
propitious zones for a better removal of CPB. The best com
bination, and consequently the most adequate geometry
ensuring an efficient control of CPB, could therefore be
selected as the working unit for subsequent field testing. The
numerical model used for these simulations was developed
by Khelifi et at. (1996). The performance of this model was
preliminarily tested in a simple case, the simulation of air
flow inside a round 0.4 m long x 0.15 m radius duct.

PROBLEM DESCRIPTION

Airflow combinations
In this study, the following combinations of airflow were
investigated: a simple air suction from the top, a simultane-

sas

t

ous horizontal air suction and blowing through the plant
foliage, a simultaneous oblique ascending air blowing and
suction, two horizontal air jets blowing across the plant and
air suction provided at the top, and two oblique ascending air
jets blowing and air suction at the top. All these airflow
combinations are illustrated in Fig. I.

Hood geometries
The different configurations required to ensure the necessary
airflows for this study were obtained from some combina
tions of hoods already tested in the laboratory. The static
pressure measured at the inlet and the outlet of these hoods
was taken into consideration. Figure 2 presents the modeling
domain of a hood in a suction position. The boundaries of the
domain were selected sufficiently away from the vacuuming
area in order to obtain the maximum information about the
airflow fields and to avoid any possible interference with the
expected results. All modeling domains for the other con
figurations were selected on the same basis. In axisymmetric
situations like that of Fig. 2, the study was carried out on only
half of the domain and null airflow flux conditions were
imposed at the axis of symmetry.

Fluid properties
This study involves the flow of air at ambient temperature
(20°C) and atmospheric pressure (101.3 kPa). In this case, the
two necessary fluid properties, namely the kinematic viscos
ity, v, and the density, p, have the magnitudes (Giles 1984):
v = 1.4888 x 10-5 m2/s and p = 1.2047 kg/m3.

Simple air suction Simple horizontal air blowing

lobs

t

Simultaneous air suction and blowing

las

t

,/'
asb

,/'
las

Two oblique air suction Two opposite air blowing and
and blowing an air suction from the lop

Fig. 1. Different combinations of airflow studied by the finite element method.
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2.3 m ------------

Fig. 2. Schematic representation of a suction hood modeling domain.

MODEL VALIDATION

To validate the numerical model, two
of the tested configurations (horizon
tal blowing, and simultaneous oblique
blowing and suction) were carefully
reproduced in the laboratory using the
same hoods simulated by the finite

achieved by the MEFL3D code
(Robert 1994) and the pre-and post
treatment by the MOSAIC software
(Compiegne Science Industrie, Com
piegne, France). Three different
elements were principally used to
mesh the modeling surfaces and do
mains: a nine-node quadrilateral
(Q9-4), a six-node triangle (T6-3),
and a three-node linear (L3-2).

InRuence domain

r- - - - - _- -- -- ----- - -- -- - - +-----------------1_- --
M suclion

O.04m fll
0.15 m

I
I

I
0.055 m

Variables or degrees of freedom

The dependent variables for this particular problem are the
pressure, p, and the two components (u, v) of the air velocity
vector along the two directions of an orthononnal Cartesian
reference plane (x, y).

Boundary conditions

All boundary conditions were imposed on 1.1, v, and p over the
boundaries such as those presented in Fig. 3 for the simulta
neous air suction and blowing configuration. The boundary
conditions of the other configurations were imposed on the
same basis. When only p was imposed without specifying
any value for 1.1 or v, the nonnal velocity gradient was set to
zero.

Airspeed measuring
axis

Marking

SucUon

Fig. 4. Marking of different points to measure airspeeds
along the longitudinal central axis of the hoods.

element method. The semicircular shield of the combined
configuration was made from 0.4 x 0.8 m sheet metal. All the
tests were carried out on the test bench described by Khelifi

et al. (1992). Airspeed was measured
at the inlet (suction) and outlet (blow
ing) of the hoods using a 2% precision
telescopic anemometer (Multi-pur
pose Solomat Instrument, Solomat
Instrumentation Division, Norwalk,
CT) and a Prandtl tube along with a
pressure anemometer. However, be-
fore taking the speed measurements, a
marking of the measuring points cor
responding to the simulation nodes
was perfonned as described in Fig. 4.
This allowed a sweep of the cross sec
tion of the hoods (inlet/outlet) with
either the anemometer or the Prandtl
tube to record the necessary measure
ments at specific points located on the
longitudinal central axis.

For each configuration, measured
and predicted airspeeds were plotted

C3 -.

CI

C2

Blcnring

CI: u .. 0, Y .. 0, p free.
C2: u free. ., free. p .. O.
C3: u free. v free. p II -380 Pe.
C4: u free, ., free. p .. 380 PII.

Fig. 3. Example of the domains and frontiers for the simultaneous air suction
and blowing configuration.

Modeling of the hoods

The numerical part of this study was completed at the Nu
merical Analysis and Computing Research Center of the
Department of Civil Engineering of Universite Laval. The
model developed by Khelifi et al. (1996) was used for this
purpose. The resolution of the system of equations was
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(I)

Fig. 5. Example ora finite clemen I mesh for lhe simple air
suction configuration: 3029 nodes, 995 clemenls.

on the same graph in order to obtain an idea about the
velocity profiles. Thereafter. they werc plaited against each
other in order to determine the degree of agrecment between
them to check qualitatively how well the model prcdicted the
measured values. Also. lO have a beller idea about the nu
merical approach. the error made over measured values was
estimated. Finally, the modcl pcrformance was fUrlhcrcvalu
ated using one of the criteria suggested by Fox (1981) and
Willmot (1982). the mean absolute error (MAE):

N

MAE=N- t I IP;-O;I

i = I

where:
N :;;; number of cases.
Pi :;;; predicted value. and
Oi :;;; observed or measured valuc.

The MAE gives a general idca aboul the mean difference
between measured and predictcd valucs. hcnce, of the accu
racy of the model.

Fig. 6. Example of a deformation for the simple air
suclion configura lion.

276
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Fig. 7. Simulation results for the simple air suction
configuration (air 'Ieloeities are in m/s).

9C1l1

t------<

Fig. 8. Simulation rcsulls for Ihe simple air blowing
configuralion (air velocilies are in m/s).

RES L1'S AND DISC SSIO!

To get the most accurale approximation of (he solution,
especially inside and around the hoods. fine elements were
used to mcsh thesc areas. The elcments were gradu<.l1ly in
creased in size toward the boundaries of the modclled
domains. An examplc of one such finite element mesh for a
suction hood is illustrated in Fig. 5. This figure shows only
half of the domain of modelisation. thus half of the hood
because it is an axisymmetric casco

As men(ioned by Khelifi el al. (1996). the mixing lenglh
"L" concept was used 10 ensure turbulent velocity profiles.
For (his purpose, "L" was calculated at each node for every
configuration before solving the model. An example of the
results. visualized as a vertical displacement. is presented on
Fig.6 for the same configuration as Fig. 5.

Figure 7 shows the approximatcd velocity field for the
simple suction configuration. The presence or the Ilanges
confirms the results reported by McDermott (1977). Indeed,
it secms that they can effectively enlarge the now pallern.
However. we note that the velocity magnitude decreases
drastically from inside the hood toward the ground. This
shows Ih<lt the air suction efficiency is limited to a zonc close
to the hood inlet. This configuration. alone. could not there
fore be used (0 rcmovc efficiently CPB because of their
capability to grasp to potato foliage.

111 Fig. 8 (the simple air blowing configuration), the air-
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9cm
~

Fig. 9. Simulation results for the simultaneous air suction
and blowing configuration (air velocities are
in m/s).

15cm
I--i

Fig. 10. Simulation results for the shielded simultaneous
oblique air suction and blowing configuration
(air velocities are in m/s).

13 em
I--i

Fig. 11. Simulation results for the shielded simultaneous
oblique air suction and blowing with deflector
configuration (air velocities are in m/s).

flow maintains a considerable velocity even very far from the
hood outlet. It is also wide enough to cover a large part of the
plant. The air blowing efficiency appears to be far better than
that of suction because the air can penetrate more in distance
for improved dislodging and removing of CPB.

Fig. 12. Simulation results for the two opposite air
blowing across the plant foliage and an air
suction from the top configuration (air
velocities are in m/s).

Figure 9 presents the results of a combination of the two
previous configurations, i.e. a simultaneous air suction and
blowing across the plant foliage. One of the advantages of
this configuration is to keep the plant close to the suction
hood under the effect of blown air. In this case, the efficiency
of the suction can be kept at a high level. We can, however,
note that there is some airflow escaping away between the
two hoods. It would then be practical to provide a shield to
prevent this air from escaping.

The configuration presented in Fig. 10 includes a semicir
cular shield having a DAD m radius centered at the
intersection point of the y and horizontal hood axes. In addi
tion, hoods were tilted upward 200 from their horizontal axis.
This directs the airflow more toward the upper part of the
plant where the CPB tend to feed first. Results show that the
previous airflow loss is remarkably reduced. However, the
perfect semicircular shape of the shield has to be slightly
modified to keep airflow in contact with it and consequently
prevent any eventual possible recirculation of air.

The configuration of Fig. 1I is similar to that of Fig. 10
except for the addition of a deflector inside the blowing hood.

Fig. 13. Simulation results for the two oblique ascending
air blowing and an air suction from the top
configuration (air velocities are in m/s).
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This was expected to enlarge the airflow pattern in the vicin
ity of the hoods resulting in more air covering the plants.
However, results show that this deflector badly affected the
airflow as an important zone of air recirculation is generated
at the upper left side of the shield (not shown on the figure).
This is mainly due to the boundary conditions of the deflec
tor. Furthermore, the air velocity distribution is not improved
by the introduction of the deflector although the airflow loss
from the bottom can be totally eliminated.

The main idea behind the use of the configuration pre
sented in Fig. 12 was to dislodge the CPB by two opposite air
streams blowing across the plant foliage and to suck them out
from the top. Unfortunately, the analysis of the simulation
results show the presence of a stagnation point slightly under
the blowing hood axis. This appears to be a result of the
convergence of the two air streams blowing in opposite
directions. The immediate consequence of this is the loss of
a considerable amount of air velocity at the ground level.

To remedy this problem, the two blowing hoods were
rotated 200 from their horizontal axis (Fig. 13). In this case,
the air loss due to the interference of the two air streams is

greatly reduced. Again, the simulation results show that a
stagnation point is still present. In addition, a large amount of
air is escaping through the space between the suction and
blowing hoods as well as from underneath. This may consid
erably reduce the efficiency of this configuration.

One way to solve this problem consisted of sealing the space
between the suction and blowing hoods (Fig. 14). As a result,
the airflow loss at the upper part could be totally eliminated.
However, a stagnation point was again present. In this case,
either the blowing hoods have to be rotated more than 200 or the
air suction power has to be increased which is costly.

Results of the numerical modeling using the contour ele
ment concept are presented in Figs. 15 and 16. In contrast to
the previous results for the simple horizontal air blowing and
shielded simultaneous oblique air suction and blowing con
figurations, airspeeds appear different from zero at the wall
level (especially for the suction hood).

Figure 17 shows that predicted airspeeds for the simple
horizontal air blowing configuration are very close to those
measured in the laboratory. However, the difference between
predicted and measured airspeeds seems more pronounced in
Figs. 18 and 19. This is mainly due to the slight inclination
of the hood flanges which did not allow for an accurate
positioning of the anemometer at the measuring points level.

15cm
I---i

Fig. 14. Simulation results for the two oblique ascending
air blowing and an air suction from the top
configuration with sealed spaces between
suction and blowing hoods (air velocities are in
m/s).

Fig. 16. Simulation results for the shielded simultaneous
oblique air suction and blowing with deflector
configuration using the contour element concept.

4035

-- PredIcted airspeed
o Measured airspeed
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Fig. 15. Simulation results for the simple air blowing
configuration using the contour element
concept.

Airspeed (m/s)

Fig. 17. Predicted and measured simple air blowing
speed profiles at the outlet of the hood.
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40

Airspeed (m1s)

Fig. 19. Predicted and measured combined air blowing
speed profiles at the outlet of the hood.
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However, the model overestimates the measured combined
air suction and blowing speeds (Figs. 21 and 22). This is
mostly due to the complexity of this configuration (simulta
neous shielded oblique air suction and blowing) which made
inaccessible, as stated earlier, the use of the Prandtl tube to
measure airspeeds. In addition, measuring points are located
in a very sensitive area, the diffusion zone (Fig. 4). Any shift
away from the measuring axis generally influences the re
sults; which is the case for this particular configuration.
Measured airspeeds were consistently lower than the real
values that should be obtained at the exact measuring points.

Relative errors made over measured values were estimated
at 2.5%. This reflects the capabilities of the numerical ap
proach in predicting measured values. MAE calculated from
Eq. I are 1.59 mls for the simple air blowing, 1.37 mls for the
combined air suction, and 3.00 mls for the combined air
blowing. These results show that the model predicts com
bined air suction speeds more accurately than simple and
combined air blowing speeds.

Airspeeds were then measured on a backward shifted axis
(to~ards the .outlet of the hood) in contrast to that initially
desIgnated. AIrspeeds presented in Fig. 18 were measured with
a Prandtl tube because of the simplicity of the configuration.

Figures 17 to 19 show that airspeed profiles are far from
the classical turbulent profiles although the Reynolds number
is greater than 2.1 x 103, the transition threshold between
laminar and turbulent regimes. This could be explained by
the fact that the ducts are very smooth and not subjected to
many vibrations (Bird et a1. 1963).

In Figure 18, a slight discrepancy between measured and
predicted airspeeds at the central node levels appears. The
minimum airspeed measured at those nodes was 12 mls
against a simulated airspeed of about 14 m/s. To investigate
this disagreement, the model was subjected to many tests. A
uniform airflow in a duct was used for this purpose. The
model responded satisfactorily because the adjustment. of
airspeed profiles was easily made by only varying the friction
coefficient. In our case, the airflow is both highly non-uni
form due to the inclination of the hood walls (24°) and more
complicated by the presence of a simultaneous blowing and
suction process. These two phenomena could explain the
difference between predicted and measured airspeeds at the
central node levels for the suction hood. This discrepancy
was not observed in the simple and combined air blowing
cases.

On the other hand, the model adequately predicts air
speeds at the extreme nodes situated on the walls at the outlet
and inlet of blowing and suction hoods, respectively. For the
blowing hoods, airspeeds are high enough in the expansion
zone that the airflow could not remain in contact with the
internal walls of the diffuser. It lifts before leaving the hoods
which gives null airspeeds at the extreme nodes (Figs. 16 and
19). Predicted and measured airspeeds near the wall at the
inlet of the suction hood are higher (about 5 m/s). This is
mainly attributable to the effect of the airflow jet coming
from the blowing hood. Practically, an airspeed as high as 5
mls in these locations greatly contributes to the suction of
more CPBs.

Figure 20 shows that the model predicts adequately meas
ured speeds for the simple air blowing configuration.
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Fig. 18. Predicted and measured combined air suction
speed profiles at the inlet of the hood.

Fig. 20. Predicted vs. measured simple air blowing
speeds.
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Measured airspeed (m/s)

Fig. 21. Predicted vs. measured combined air suction
speeds.

formance are satisfactory and prove the validity and the
capability of the model to adequately predict measured
airspeeds.

6. A future improvement to the model would require t~e

introduction of a potato plant in the airflow dom~m.
This could be accomplished by empirically introducmg
a friction zone equivalent to a plant.
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CONCLUSIONS AND RECOMMENDATIONS

I. Numerical modeling can be used to investigate the
airflow patterns for pneumatic control of CPB without
the need of designing and building costly prototypes.

2. Among the eight configurations studied, two appeared
promising: the horizontal air blowing and the shielded
simultaneous oblique ascending air suction and blow
ing across the plant foliage.

3. The horizontal air jet could be efficiently used provided
an adequate catching system is set to catch the CPBs
blown out by the air.

4. The shielded simultaneous oblique ascending air suc
tion and blowing configuration does not require a
catching system because the suction hood ensures this
task. However, the shield has to be improved to avoid
any eventual possible air recirculation.

5. Results of the evaluation of the numerical model per-

30

Measured airspeed (m1s)

Fig. 22. Predicted vs. measured combined air blowing
speeds.
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