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Case Study
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Analysis of Capture Velocity in the Case of Local
Exhaust Ventilation

Szabolcs Szekeres'; Attila Kostyak?; and Imre Csaky®

Abstract: This article presents a study on the capture velocity of local exhaust ventilation (LEV) using a specially designed workstation
within a laboratory setting. The workstation featured a worktop with dimensions of 90 cm width and 45 cm depth, and the exhaust duct
was positioned near the pollutant source, considering the intended operation of the LEV system. The worktop was divided into squares
for precise documentation and remeasurement. A supply duct above the worktop provided controlled fresh airflow. Smoke was used to vi-
sualize airflow patterns. The measurements focused on air velocity and turbulence intensity, aiming to understand flow structures and vor-
tices. Various capture rates were tested at specific measurement points. The study revealed that the central capture lines yielded the highest
efficiency. To address air extraction from behind the exhaust duct, a back sheet panel was introduced. The results showed that installing a
back sheet enhanced capture velocities. The findings contribute to understanding LEV efficiency and the importance of proper design
and adjustments for effective containment of contaminants in the occupational environment. DOI: 10.1061/JAEIED.AEENG-1781. This
work is made available under the terms of the Creative Commons Attribution 4.0 International license, htips:/creativecommons.org

/licenses/by/4.0/.
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Introduction

Local exhaust ventilation (LEV) has experienced substantial inte-
gration into the manufacturing sector in recent decades. Its evolu-
tion has been driven by advancements in industry and
manufacturing technology, as well as health and safety regulations.
Adequate ventilation is crucial within industrial facilities, ensuring
employees in occupied zones receive optimal levels of fresh air
while effectively capturing and removing contaminants released
during production and technological processes (ASHRAE 2003).
Local exhaust systems are employed to address the localized emis-
sion of contaminants within work areas (Flynn and Susi 2012). De-
sign engineers face complex challenges when dealing with
production lines, as the technology utilized impacts the need for
supply ventilation and exhaust. To prevent harmful concentrations
of contaminants and pollutants in the work environment and occu-
pied zones, either displacement ventilation and general exhaust sys-
tems are used to dilute pollutants or local exhaust ventilation is
employed to capture pollutants at their source (Flynn and Susi
2012; Goodfellow and Tahti 2001). Contaminants can exist in var-
ious states and sizes, such as dust, gas, steam, mist, fume, or
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powder fractions, with particle sizes that can vary (Huang et al.
2016; Hayashi and Howell 1985). For effective and
energy-efficient extraction and filtration of these contaminants
(Duan et al. 2017), it is crucial to have precise knowledge of the
amount of contaminant generated at the source within the work en-
vironment (Yang et al. 2018). Additionally, estimating the quantity
of nonextracted pollutants that accumulate in the indoor air depends
not only on the technology and nature of the pollutant but also on
the practices of the workers using the system. Proper training of
employers is necessary to accurately assess hazards and ensure
safe and healthy working conditions in compliance with the Occu-
pational Safety and Health Act (Cao et al. 2017; Whaley et al.
2021; WHO 2010). Since occupants can be negatively affected
by airborne contaminants, air quality standards define permissible
limits for pollutant concentrations in the workplace. LEV primarily
aims to extract, separate, and filter as many contaminants as possi-
ble at the source, while general ventilation systems dilute and re-
duce pollutant concentrations in the premises when the extraction
is imperfect. Due to the varying forms and types of contaminants,
a single design for local extraction cannot cater to the needs of all
areas. Moreover, the effects of pollutants on the human body differ,
ranging from benign to corrosive, toxic, carcinogenic, or hazardous
to health. Research explores the possibilities of extracting smoke,
gas, or small-particle dust fractions released during welding or sol-
dering operations. Welding fumes contain several particles, includ-
ing chromium, which is essential to the human body (OSHA 1910)
but toxic when present as industrial pollution. Various contami-
nants are generated during different welding processes because of
diverse materials and temperatures, such as ozone, nitrogen diox-
ide, and nitrogen oxide, which pose significant risks at high con-
centrations, burdening the environment and individuals within
the area. Worker exposure depends on the composition and concen-
tration of the smoke generated. Smoke composition is influenced
by the welding process, the material being welded, and the surface
contamination of the workpiece. While smoke concentration pri-
marily relies on the amount of fume generated during the welding
process, posing health and safety risks to occupants (Anderson
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1997; Wanjari and Wankhede 2020). Fume generation is influ-
enced by factors such as the type and size of the welding electrode,
welding time, current, arc voltage, coatings, arc length, the air sup-
ply to the occupied zone, and the efficiency of the LEV (Marval and
Tronville 2022). The use of shielding gases can also be hazardous,
because gases like argon (Ar), helium (He), and carbon dioxide
(CO,), although not inherently toxic, displace oxygen in the air,
posing risks at high concentrations, including causing headaches,
nausea, dizziness, loss of consciousness, and potentially fatality
(CCOHS 2023; Peelen et al. 2019). Capture efficiency assessments
have been conducted for distinct operational contexts, including
laboratory fume hoods, hand tool hoods, and low-volume high-
velocity exhaust systems; however, a universally applicable meth-
odology remains absent (Ellenbecker et al. 1983; Niemeld et al.
1991; Mahaki et al. 2022). Despite capture efficiency being a piv-
otal attribute of exhaust systems, extant studies do not scrutinize
capture velocity, despite its potential to enhance overall capture ef-
ficiency when increased (Conroy et al. 1995).

Materials and Methods

Workstation

To facilitate the analysis of local exhaust ventilation efficiency, a
specially designed workstation was constructed within a laboratory
setting, allowing for repeatable measurements. The measurements
were conducted at the air-ventilation and air-conditioning labora-
tory located at the Department of Building Services and Building
Engineering, Faculty of Engineering, University of Debrecen.
The workstation was strategically positioned near the pollutant
source, considering the intended operation of the local exhaust sys-
tem. The dimensions of the workstation’s worktop are 90 cm in
width and 45 cm in depth. To supply fresh air to the workstation,
a supply duct was installed above the worktop, delivering a con-
trolled airflow rate of 40 m®> h™', which corresponds to the needed
fresh air rate per person for moderately heavy physical work (MSZ
21875-2, MSZ 1990). This configuration ensures a higher propor-
tion of fresh air in the immediate head region of the person working
at the workstation. To visualize the airflow patterns, smoke was in-
troduced into the system, as depicted in Fig. 1. The workstation was
placed in front of a black wall featuring a grid pattern of 600/
600 mm, facilitating the visualization of airflow. A 100 mm diam-
eter exhaust duct was centrally positioned within the workstation
and the worktop, allowing for height adjustments. The worktop
was divided into 15 cm squares, as illustrated in Fig. 1. The square
grids serve the purpose of enabling measurements to be conducted
at different points, facilitating precise documentation, and allowing
for subsequent remeasurement at the same locations. This arrange-
ment permits the comparison and analysis of measurements ob-
tained at various capture rates within the same designated points.
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Fig. 1. Workstation, measurement points.

Fig. 1 reveals the formation of five horizontal lines across the
width, and four vertical lines along the length. The intersection
points of these lines, represented by dots and letters with Arabic nu-
merals in Fig. 1, serve as the measurement points.

Line 0 with Measurement points A0, B0, C0, D0, and EO is sit-
uated in alignment with the exhaust duct, occupying the same
plane. Line 1 with Measurement points Al, B1, C1, D1, and E1l
is positioned at a distance of 15cm from the exhaust duct’s
plane, while Line 2 with Measurement points A2, B2, C2, D2,
and E2 is situated 30 cm away, and Line 3 with Measurement
points A3, B3, C3, D3, and E3 is 45 cm away from the plane of
the exhaust duct. The exhaust duct is centrally located at Line C,
resulting in Lines B and D being 15 cm apart from it, whereas
Lines A and E are positioned at a distance of 30 cm from the center
of the exhaust duct.

Measuring Instruments and Methods

For conducting the measurements, calibrated instruments were em-
ployed. The prevailing air velocities at the workstation were as-
sessed using a Testo 440 measuring instrument equipped with a
turbulence intensity probe structure sensor. The calibration certifi-
cate indicates an uncertainty of 0.02 ms™" for the measured veloc-
ities, with a coverage factor (k) of 2, providing a 95% confidence
level. The Testo 440 is a comprehensive air-conditioning measur-
ing instrument featuring internal data storage and data transfer ca-
pabilities. Each measurement was obtained by averaging data
collected for 3 min with a sampling frequency of 60 samples per
minute. To determine the air velocity at the exhaust duct’s plane,
a high-precision digital vane probe with a diameter of 100 mm
was employed, as depicted in Fig. 2. Visualizing the air patterns
was achieved using a Martin Magnum 650 smoke machine.

Fig. 2. Measuring instruments.
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The measurements primarily focused on determining the mean
air velocity in ms™" and the percentage of turbulence intensity. Tur-
bulence measurements were conducted to explore the nature of
flow structures and identify the formation of vortices within the
space. These vortices can vary in size, resulting in the generation
of vortices with different intensities at specific points in the flow
domain, leading to fluctuations in velocity vectors. Owing to the
rapid changes in the physical characteristics of air, such a flow is
classified as turbulent. The level of turbulence is influenced not
only by the strength of the airflow but also by the fluctuations in
air velocity. Turbulence intensity was calculated using Eq. (1)
per the guidelines outlined in EN ISO 7730 and EN 16798-3. Tur-
bulence Intensity Tu (%) is obtained as follows (Szekeres et al
2022; Kalmar et al 2022):

1 .
\/n—lx E :,;l(xl—x)2
Tu =
" v

- 100 [%] (1)

Initially, the capture velocity at the exhaust duct’s plane was es-
tablished at 4 ms™', followed by conducting 3-min measurements
at the predetermined 20 locations. The exhaust inlet was positioned
in such a way that its center was situated 5 cm from the worktop’s
plane. The measuring instrument was aligned with the exhaust
inlet, with the sensor of the instrument positioned 5 cm from the
worktop’s plane. During this stage, the focus was solely on record-
ing velocity values. The final velocity can be determined according
to Eq. (2):

5.-x°+4

y @

Vr=Ve -
where v,=final velocity at the plane of the duct; v, = capture veloc-
ity at the plane of the measuring instrument; x = distance between
the measuring point and the plane of the exhaust duct; and 4=
surface area of the exhaust duct.

The measurement value for the CO point is absent in Fig. 3. This
absence is not coincidental, as this particular point corresponds to
the plane of the exhaust duct where the capture velocity was set
at 4 ms~'. The magnitude of this value is significantly higher com-
pared with the other measured values, rendering the inclusion of
these data in the diagram impractical, as it would overshadow
and render the other results insignificant. Notably, the center of
the exhaust inlet exhibited the highest capture rate, as anticipated,
when disregarding Line 0. The presence of Line 0 indicates that
suction occurs not only in the area directly in front of the nozzle
but also from the sides and the rear, from where air flows into
the exhaust inlet. This observation is further supported by Fig. 4,
which depicts air extraction occurring from behind the extraction
nozzle.

The measurements were conducted in the presence of a black-
painted wall adorned with white grids, and a smoke machine was

. -

e Ve

Fig. 3. Determination of capture and final velocity.

]

0.22-j . - A

0,20 e B

018 ] =
. l v D
© 0,16 - ¢ E
E )
> 0,14
8 0,12
E p
> 010e
L v ®
2 0,08 v
=3 4 A
o 0,06 1 A

0,04 4 [ ] °

im 2 o v
0,02 e -
T T T T T 1
0 10 20 30 40 50

X [em]

Fig. 4. Capture velocities at the measurement points.

Fig. 5. Smoke test.

utilized to visualize the extraction process and airflow patterns sur-
rounding the exhaust duct. This approach provided a visual repre-
sentation of the dynamics occurring in the vicinity of the
workstation. The observation depicted in Fig. 5 emphasizes the
need to address and mitigate extraction occurring from the rear of
the extraction duct. Notably, lower measured velocities were ob-
served in Side lines A and E compared with Lines B, C, and
D. As a result, these lines will be excluded from future measure-
ments. Furthermore, it is evident that the most intense capture oc-
curs within the first 15 centimeters, specifically in Lines 0 and
1. Consequently, two additional lines were introduced, as illus-
trated in Fig. 6.

These lines are measured relative to Line 0, where the first line is
positioned 5 cm away, followed by a subsequent line positioned
10 cm away.

Fig. 6. Additional lines.
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Fig. 7. Capture velocities at the measurement points with the addi-
tional lines.
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Fig. 8. Capture velocities at the measurement points with the extraction

nozzle at 10 cm from the plane of the worktop.
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Fig. 9. Capture velocities at the measurement points. The capture velocity at the plane of the exhaust duct was set between (a) 1-5 ms™"; and
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Fig. 11. Workstation with back sheet panel.

Measurement Results with the Additional Measuring
Points

Consequently, a new set of measurements was conducted exclu-
sively in Lines B, C, and D, resulting in the creation of six addi-
tional measurement points as depicted in Fig. 6.

Conducting additional measurements at the central region of the
extraction nozzle is of significance, given its higher capture rate
throughout the entire depth of the workstation. In the subsequent
series of measurements, the exhaust velocity of the extraction re-
mained constant, with the sole modification being the repositioning
of the suction nozzle. Specifically, the nozzle was elevated so that
its centerline was positioned 10 cm from the worktop’s plane. The
measuring instrument was adjusted to this height, and the measure-
ments were carried out at the predetermined points established pre-
viously Fig. 7.

The preceding series of measurements reveals that the proximity
of the worktop to both the measuring instrument and the extraction
nozzle influences the capture rate. Specifically, in Lines B, C, and
D, the capture rate demonstrates the highest significance, warranting
further investigation at these points while temporarily disregarding
the remaining ones. The previous measurements have consistently
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Fig. 12. Capture velocities at the measurement points. The capture velocity at the plane of the exhaust duct was set between (a) 1-5 ms™'; and
(b) 6-10 ms™".
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Fig. 13. Turbulence intensity at the measurement points. The capture velocity at the plane of the exhaust duct was set between (a) 1-5 ms™'; and
(b) 6-10 ms™".
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Table 1. Capture velocity averages

Average velocity Without back sheet With back sheet

Ims™'v 0.235 0.278
2ms”' ¥ 0.44 0.52
3ms™' ¥ 0.71 0.84
4ms'v 0.91 1.08
5ms™' ¥ 1.14 1.35
6ms™' ¥ 1.358 1.605
Tms™'v 1.56 1.85
8ms™' v 1.82 2.15
Ims™' ¥ 1.94 2.29
10ms™' v 221 2.62

shown that the central capture lines yield the highest results. Hence, it
is imperative to conduct additional measurements along the center-
line, covering a range of capture velocities from 1 to 10 ms™".

Measurements in Line C of the Workstation

Apart from the velocity, the turbulence intensity is determined as
well.

Fig. 9 illustrates that the capture velocities, with an initial veloc-
ity range of 1-3 ms™" at the extraction nozzle plane, exhibit negligi-
bly low values, particularly at distances of 10 cm or greater.

Figs. 8 and 9 clearly demonstrate that as the distance from the
exhaust duct increases, the measured velocities at the designated
points experience a significant decline at lower extraction veloci-
ties, while the turbulence intensity intensifies. To address the ob-
served phenomenon illustrated in Fig. 4, where the exhaust duct
captures air from behind, a back sheet panel was installed on the
workstation in the subsequent round of measurements. By intro-
ducing the back sheet panel, it is anticipated that the capture veloc-
ity at the measurement points would surpass that of the previous
measurement set. The measurements were exclusively conducted
in Line C, as the preceding series of measurements confirmed its
superior efficiency. This allows for a comparison of results ob-
tained without and with the back sheet panel, providing valuable
insights into the impact of its installation Fig. 10.

Measurements in Line C with Back Sheet Panel

As can be seen in Fig. 11, a back sheet panel was mounted around
the exhaust duct (Fig. 12).

Fig. 14. Smoke test with the back sheet panel.
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Fig. 13 provides evidence that the zone located beyond a 10 cm
distance from the extraction point exhibits a considerably higher
degree of flow turbulence, particularly at lower velocities. Conse-
quently, relying solely on the calculated capture velocity deter-
mined by Eq. (2) is inadequate when the workplace and
contaminant discharge are more distanced. In the case of a steady
flow over time, the turbulence degree remains at 0%, signifying
an unchanging capture velocity at the specific measurement
point. Conversely, elevated turbulence intensity leads to significant
deviations from the designated capture velocity at various in-
stances. When a negative deviation from the average rate is ob-
served, it indicates an insufficient capture rate for removing the
contaminant from the occupied zone. Based on the aforementioned
observations, it can be concluded that augmenting the set velocity
at the exhaust nozzle such that it maintains low turbulence intensity
is likely to establish an appropriate capture velocity at the contam-
inant source. In our specific scenario, this implies applying safety
factors of 1.1 and 1.4 for work conducted 30-45 cm away from
the extraction point, respectively, to ensure effective containment
of the contaminant. Such an approach necessitates a significant in-
crease in the extraction volume flow. To visually assess the effi-
ciency of the workstation extraction, smoke was introduced into
a junction box, simulating a workpiece on the workstation worktop.
This allows for the observation of smoke movement toward the ex-
haust inlet from a position higher than the centerline of the opening,
as depicted in Fig. 14.

Fig. 14 effectively represents the measurement outcomes. The
images clearly illustrate that in the absence of a back cover, the
smoke rises to significantly greater heights. This observation sub-
stantiates the need for a higher capture rate when operating without
a back sheet to prevent contaminants from entering the occupied
zone of a seated individual at a height of 1.1 m or a standing indi-
vidual at a height of 1.7 m, as prescribed by standards.

Introducing a back sheet enhances the efficiency of the extrac-
tion system. However, prior to installing a back sheet on the work-
station, careful consideration must be given to the size of the
workpieces being handled on the worktop. The workpiece should
be smaller than the surface area of the worktop, as the presence
of a backing may pose an obstacle and restrict work on larger
workpieces.

To analyze the results of the two-measurement series, the cap-
ture rates at the measurement points were averaged. The percentage
difference between the average velocities (DAV) in the case of the
two exhaust modes was calculated using Eq. (3). The average ve-
locities, denoted as the average velocities measured at the five mea-
surement points, are determined as follows:

avarage 2

DAV =
avarage 1

- 100 [%] 3)

The term average 2 represents the average of the capture rates
obtained when the back sheet was used, while average I signifies
the average of the capture rates measured in the absence of the back
sheet. Table 1 depicts the average velocities measured under both
conditions, with and without the back sheet.

Discussion and Conclusions

This article presents a study conducted on the capture velocity of
local exhaust ventilation, specifically focusing on the impact of a
back sheet installed on a workbench to enhance capture velocities.
The investigation aims to examine the differences in average cap-
ture velocity at six measurement points when using the back
sheet compared with its absence, which ranges from 18% to 18.6%.

© ASCE

05024004-7

Turbulence intensity plays a crucial role in influencing the cap-
ture velocity. When turbulence intensity is high, the capture veloc-
ity may deviate significantly from the required set velocity at
certain moments. To address this, it is necessary to introduce a mul-
tiplicative factor to the set values to always ensure an appropriate
exhaust level and capture velocity. However, caution must be exer-
cised when adjusting this factor. For example, setting a 10% in-
crease to a 4 ms™' set velocity at the exhaust duct results in an
excess air volume of 11 m> h™!, whereas at 10 ms™', it increases
to 28 m®> h™". Similarly, a 20% increase at 4 ms~" yields an excess
air volume of 23 m® h™!, while at 10 ms™', it rises to 56 m> h™!. It
is important to consider the impact on the general ventilation sys-
tem, as it will need to supply the exhausted air. The lower the set
flow rate, the lower the ventilation work as well.

Based on the measurement results presented, it is evident that
compared with empirical formulas determining extraction capture
velocity, a multiplicative factor ranging from 1.1 to 1.4 must be ap-
plied to achieve optimal exhaust performance.

If we can mount a back panel to our workstation, we can provide
more effective extraction. The velocity set in the free cross section
of the exhaust duct can even be reduced, thereby saving ventilation
work and energy. As shown in Fig. 14, the contaminants released at
the workstation do not reach the breathing zone of the person work-
ing there when a back panel is used, therefore preventing the inha-
lation of polluted air. Because fresh air is also supplied at the top of
the workstation, a continuous supply of fresh air envelops the
worker that also prevents inhalation of polluted air.

Future Work

Given that the measurements conducted thus far were limited to a
@100 mm diameter duct, there is a need to extend the scope of the
measurements and conduct further analysis. The objective would
be to assess whether modifying the dimensions of the extraction
duct results in a consistent and comparable variation in average ve-
locities, both in the presence and absence of a back sheet. Addition-
ally, an energy study of the fan power consumption at various flow
rates and the exhaust system should be undertaken to evaluate its
efficiency and performance.

Data Availability Statement
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